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Introduction
“Practice your facts.”

It’s a statement spoken by math
teachers to students virtually ev-
ery day. When a parent asks how
he can help his child succeed in
math, a common response from
the teacher is to practice math
facts daily. For students, practic-
ing math facts has meant taking
timed tests of 50 to 100 facts,
each time hoping to better your
score from the last test. For par-
ents, practicing math facts with
their children meant flipping
through a stack of flash cards
while their children speedily
answered some and used their
fingers to solve others. SkillsTu-
tor Math Fact Fluency provides
teachers and parents with a new
solution to math fact practice.

What is math fact fluency?
Math fact fluency is the ability

to recall the answers to basic
math facts automatically and

without hesitation. Fact flu-
ency is gained through signifi-
cant practice, with mastery of
basic math facts being a goal of
both teachers and parents. First,
though, it is very important that
all students understand the con-
cepts of addition, subtraction,
multiplication and division. In
what is probably the most com-
mon method of teaching addi-
tion, students combine sets of
objects to find the total number
of objects. Students form equal
groups of objects to understand
multiplication and  separate
a group of objects into equal
groups to understand division.
Through either direct instruc-
tion or discovery, students learn
the commutative properties of
both addition and multiplica-
tion.

Once a student understands the
concept of a particular opera-
tion, he can begin to practice
solving facts under un-timed
conditions. Students generally
employ a number of strategies
to solve basic facts. Common
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addition strategies include adding 1 or 2 (count-
ing on), making 10, doubles and doubles + 1.
Repeated addition and skip counting are exam-
ples of multiplication strategies.

Spear-Swerling (2006) states that both concep-
tual understanding and the ability to solve facts
accurately under un-timed conditions are pre-
requisites for automatic recall of facts. When
these prerequisites have been achieved, it is im-
perative that the student practices the facts such
that they can be answered automatically (i.e.,
retrieval of the answer is both quick and accu-
rate). Through repeated exposures with a fact,
the brain establishes a memory relationship with
the fact, leading to automatic retrieval. The usu-
al speed goal for automatic recall of facts when
responding orally is 30 correct per minute—2
seconds per fact.

Learning and memory

The rationale for the need to memorize facts
is derived from the “information processing”
model of the human brain. It’s familiar to most
people in the concepts of short-term, or work-
ing, memory and long-term memory. Research,
as noted by Willingham (2004), clearly shows
that to commit information to both short-term
and long-term memory, ongoing practice is
necessary.

Short-term memory has limited storage capac-
ity, with material being retained only as long
as it is being consciously practiced. Long-term
memory is intended to store information for a
long period of time. A study by Semb, Ellis &
Araujo (1993) showed that if content is stud-
ied for four months or eleven months, it will
be well retained for about one year after the last
practice, with most of the content forgotten by
end of three or four years without further prac-
tice. Bahrick (1984) and Bahrick & Hall (1991)
found that if material is studied for three or four
years, the information may be retained for as
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long as 50 years after the last practice. The key
component in the retention of information for
that long a period of time is the additional prac-
tice completed by the student.

Within long-term memory, there are two
memory systems: one concerned with declara-
tive knowledge and the other with procedural
knowledge. Declarative knowledge is concerned
with “knowing that,” and procedural knowl-
edge is concerned with “knowing how.” If a
student if asked, “What is 8 x 7?27, the differ-
ence lies between responding immediately with
“56,” (declarative), or thinking “8 groups of 7
items” (procedural). When a student is able to
quickly and accurately retrieve the answer to a
math fact, the student has a strong declarative
knowledge system for that fact.

With practice, solving math facts is a process
that moves from procedural to declarative un-
derstanding. Using the addition fact 2 + 4, Gar-
nett (1992) shows how the strategies for solving
addition facts develop over time. The student
moves from a procedural understanding, in
which he counts each set, to declarative knowl-
edge, demonstrating the ability to respond im-
mediately with the correct sum.

[smmgy ](Reprounutlvo use to solve2+4 j
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Finger display Displays 2 fingers, then 4 fingers, says “6"
Counting-on-from-the-first-addend 2. .3,456 0r"3,4586
Counting-on-from-the-larger-addend “4...56%0r"5,6"

Linking 2+2=4,+2more = 6"
k\Rdneval 6" »

Research by Cumming and Elkins (1999) high-
lights a common misconception about math fact
strategies: natural development or direct instruc-
tion of strategies will result in math fact auto-
maticity. Many students, most notably students
with learning disabilities, fail to naturally develop




fact strategies. Furthermore, those students that
do not move beyond strategies to an automatic
retrieval of facts continue to expend some mental
effort to solve facts—effort that could be applied
to solving higher-level mathematical problems.

Why is math fact fluency important?

Information processing theory supports the view
that automaticity in math facts is fundamental
to success in many areas of higher mathematics.
Without the ability to retrieve facts directly or
automatically, students are likely to experience
a high cognitive load as they perform a range of
complex tasks. The added processing demands
resulting from inefficient methods such as count-
ing (vs. direct retrieval) often lead to declarative
and procedural errors (Woodward, 2006; Cum-
mings & Elkins, 1999; Pellegrino & Goldman,
1987; Hasselbring, Goin, & Bransford, 1988).

As students progress through their formal
schooling, the math concepts they learn often
build upon one another. For instance, in 2" and
3 grade, students learn perimeter by adding the
lengths of the sides of a shape. In 4" grade, stu-
dents use formulas to find the perimeters of rect-
angles, squares and other objects that have sides
measuring the same lengths. These formulas re-
quire the knowledge of multiplication facts. By
5% grade, the lengths of the sides have increased
to 2-digit numbers, requiring proficiency in
multi-column addition or multiplication. In or-
der to solve for the perimeter of a shape, the stu-
dent needs to understand the process of finding
the perimeter. The student then needs to use his
computation skills to solve for the correct an-
swer. Imagine the processing demands required
to complete these tasks for a student who has
failed to master his basic facts.

Accurate and efficient retrieval of basic math facts
is critical to a student’s success in mathematics.
Research published by The National Council of
Teachers of Mathematics (NCTM) states that

students who cannot retrieve basic facts easily get
lost and often cannot follow the logic of an ex-
planation given by the teacher or a peer when the
problems are embedded within more complex
mathematic operations, such as simple algebra
or long division. The teacher or the textbook as-
sumes virtually automatic retrieval of these facts
and bases explanations on this assumption.

NCTM, The National Math Panel and Math
Fact Fluency

NCTM published its Curriculum Focal Points
for Prekindergarten through Grade 8 Mathemat-
ics in 2006, which outlines three key skills each
student needs to master at each grade level. In
grades 1 through 4, the Focal Points define criti-
cal skills in all four basic operations, including
the ability to instantly recall those basic facts.

In April 2006, the National Math Panel was
created by the President and charged to recom-
mend ways “...to foster greater knowledge of and
improved performance in mathematics among
American students.” Supporting much of the re-
search that has existed regarding automaticity of
basic facts, the Panel’s report in March 2008 made
it very clear that automatic recall of facts was para-
mount to student success in mathematics:

A focused, coherent progression of math-
ematics learning, with an emphasis on profi-
ciency with key topics, should become the norm
in elementary and middle school mathematics
curricula. Any approach that continually revis-
its topics year after year without closure is to
be avoided...By the term proficiency, the Panel
means that students should understand key con-
cepts, achieve automaticity as appropriate (e.g.,
with addition and related subtraction facts),
develop flexible, accurate, and automatic execu-
tion of the standard algorithms, and use these
competencies to solve problems...

Computational proficiency with whole
number operations is dependent on sufficient and
appropriate practice to develop automatic recall
of addition and related subtraction facts, and of
multiplication and related division facts. It also
requires fluency with the standard algorithms for

Houghton Mifflin Harcourt




addition, subtraction, multiplication, and divi-
sion. It also requires a solid understanding of core
concepts, such as the commutative, distributive,
and associative properties. Although the learning
of concepts and algorithms reinforce one another,
each is also somewhat dependent on different
types of experiences, including practice.

What is SkillsTutor Math Fact Fluency?

Skills Tutor Math Fact Fluency is an online instruc-
tional and practice product that helps students
achieve automaticity in the basic facts of addi-
tion, subtraction, multiplication and division.
It is modern, personalized and fully adaptive,
responding to each student’s actual performance
and giving practice where it will help most.

Math Fact Fluency has a scope and sequence
designed to introduce new facts gradually to
students as they work toward mastery. Facts are
grouped in units, with each lesson in a unit in-
troducing two new facts. Units are sequenced
based on a progression of easier facts (i.e., multi-
plying by 2) to those generally accepted as more
dificult to master (i.e., multiplying by 12). At
the end of each operation, a review lesson allows
students to continue practicing their facts after
completion of the scope and sequence.

Supporting the instructional units are a variety
of assessments designed to give teachers a thor-
ough understanding of each students strengths
and weaknesses. Teachers can assign a placement
test in each operation to assess students” existing
fact mastery and place each student into the 1%
unit where mastery has not been demonstrated.
Benchmark tests are designed to provide teachers
with a monthly window into a student’s fact mas-
tery using a 100-question assessment, similar to a
timed test given on paper. A final test shows the
overall progress at the end of an operation.

During each student’s first experience with

the product, the student is required to create
a character of himself. This fun and exciting
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tool allows the student to choose their facial fea-
tures, as well as their clothing and accessories.
The character that each student creates is then
featured in each lesson throughout the prod-
uct. Klem and Connell’s research on engaging
youth in school acknowledges a consensus in re-
search that personalized learning environments
engage students in their schoolwork. Improved
academic performance is one benefit reaped by
students who are engaged in their schoolwork.

Math Fact Fluencys default fact mastery time can
be adjusted upwards and downwards for each
student. Additionally, a student can be set to use
an “untimed mode.” This feature is especially
important for special needs students, who might
be slow to interact with the computer, but who
would still benefit from intensive practice and
positive reinforcement.

Each Math Fact Fluency lesson uses an authentic,
“real-world” scenario in which a student would
actually use math. Salend (1994) recommended
that new math concepts be introduced through
everyday situations as opposed to worksheets.
With everyday situations as motivators, students
are more likely to recognize the importance and
relevance of a concept. In Math Fact Fluency, stu-
dents will find themselves learning the focus facts
of a lesson in authentic situations such as working
at a school bake sale, tracking minutes in a read-
ing log, and making multiple batches of a recipe.
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These real-life situations, along with more than
35 other scenarios, reinforce to students that
math is an important part of the activities in
their daily lives. The combination of personaliz-
ing the instruction with a self-created character
and real-world scenarios provides students with
a strong motivation to succeed. Carpenter, Fen-
nema, Peterson, Chiang & Loef (1989) further
support that contextualizing instruction can
make seemingly mundane computation exer-
cises fascinating to children.

Following each lesson’s tutorial is the student’s op-
portunity to practice the lesson’s facts, as well as
facts taught previously to the student. Again, the
focus of Skills Tutor Math Fact Fluency is to provide
regular, focused practice. In a study conducted by
Brookhart, Andolina, Zuza and Furman (2004),
students reflected on their progress of learning
their multiplication facts and completed self-as-
sessments of their performance. The main reason
given by students whose performances did not
meet expectations was “didn’t practice enough.”

After the lesson’s two focus facts are introduced,
the student is given practice on these facts only.
In addition and multiplication, this practice is
followed with the commutative facts of the les-
son’s two focus facts. Thus, if the student is learn-
ing 5 x 10, he will be given practice with the re-
lated fact 10 x 5. By relating a fact currently being
learned with a previously learned fact, the brain’s
ability to retain the facts is strengthened.

Sample practice screen with student avatar

Research shows that there is a significant memory
benefit to distributing practice over several ses-
sions. This phenomenon is known as the spacing
effect and was identified in the late 1800s by Ebb-
inghaus, a pioneer in the study of memory. The
spacing effect was tested using lists of meaning-
less syllables, but has since been applied to other
types of material, including the learning of math
facts. Rea and Modigliani (1985) conducted an
experiment with 3" graders which showed that
students taught facts in a distributed condition
outperformed the others in the study.

Using an analytical and adaptable algorithm, two
additional groupings of facts provide students
with multiple exposures to practice facts learned
in past lessons. First, facts that the student has
learned in his past two lessons are added to the
current lesson’s focus facts. This spiraling provides
the practice necessary to strengthen the student’s
memory of the facts. The selection of a final set
of nine facts for practice is heavily influenced by
the speed of prior responses on facts, how often
the student has seen particular facts and whether
more data is needed to consider facts mastered
or not. It is these final nine facts that provide
the student with the most individualized practice
as their selection is based on the student’s prior
performance. Thus, students who are taking the
same lesson path through Math Fact Fluency will
have unique experiences based on their speed of
retrieval and accuracy of answers.

Willingham (2004) stresses that “it is difficult to
overstate the value of practice. For a new skill to
become automatic or for new knowledge to be-
come long-lasting, sustained practice, beyond the
point of mastery, is necessary...Studying material
that is already known is called overlearning. Be-
cause memory is prone to forgetting, one can-
not learn material to a criterion and then expect
the memory to stay at that level very long.” By
reinforcing the facts previously learned by the
student through ongoing practice, Math Fact
Fluency is continually moving the student to-
ward automaticity.
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After the student completes his fact practice, he
will receive his lesson score. While the lesson
score is based on the student’s progress with the
lesson’s two focus facts, it is followed by a fact
matrix, which is a graphical view of how he is
progressing through his facts.
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Sample fact matrix

A study completed by Wood and Frank (2000)
required students to graph their progress in
learning their multiplication facts. Their research
showed that most students are highly motivated
when they observe the progress they are mak-
ing and strive to reach the goals shown on their
graphs. On the fact matrix, green (¥'+) means
the fact is considered mastered. Red means itisa
problematic fact, and the student has given mul-
tiple wrong answers. Yellow (v') indicates mixed
performance, and white indicates there is not
enough data to make a judgment. Fact mastery
only occurs over multiple lessons.

The data retrieved from each student’s lessons is
stored in a robust learning management system,
which is used by teachers to set up assignments
and monitor student activity. In addition to the
reports available to all SkillsTutor users, a num-
ber of reports have been developed specifically
for Math Fact Fluency:

SkillsTutor Math Fact Fluency

* Fact Matrix Report

Similar to the fact matrix displayed to the
student at the end of every lesson, this
report displays the red, green and yellow
indicators of student mastery. There is also
a slider on the bottom of the report that al-
lows the teacher to adjust each student’s per-
formance default fact mastery time. For ex-
ample, a teacher might choose to move the
slider up to accept greater response times for
special needs students. The teacher might
also choose to move the slider down to give
less time for more advanced students.

* Calendar Report

Regular usage is critical to a student’s success
in Math Fact Fluency. The calendar report
displays each student’s daily time-on-task
within the product in a clear calendar for-
mat. While designed for Mazh Fact Fluency,
this report is also available to any SkillsTutor
user.

* Fact Assessment Report

This report gives a class-wide view of per-
formance on any of the placement, final or
monthly benchmark tests. It will report the
score within each fact group for all students
in the class. It helps the teacher to measure
gross progress and to direct individual stu-
dents or the class as a whole.

The strength of the reports is that they enable
teachers to effectively and efficiently monitor
the progress of their students and make changes
to each student’s assignments in order to best
maximize student time-on-task.

Automaticity and Students with
Learning Disabilities

Creating an environment where students with
learning disabilities can find success in basic
fact mastery is a challenge faced in all schools.
More and more students with learning disabili-
ties are receiving their mathematics instruction




in standard classrooms. In these classrooms, stu-
dents are typically taught strategies as the means
to solve basic math facts.

However, the natural development of strategies
to solve basic facts is elusive to many learning-
disabled students. Goldman, Pellegrino and
Mertz (1988) cite that learning-disabled stu-
dents generally solve an addition problem such
as 2 + 9 by counting on from the first addend,
instead of from the larger addend. Goldman
and her colleagues do believe that an organized
approach to practice can address the delay ex-
hibited by these students.

Research by Hasselbring, Goin and Bransford
(1988) showed a clear discrepancy between the
number of facts that students with and without
learning disabilities could retrieve automatical-
ly. A discrepancy existed as early as age 7. Not
surprisingly, the discrepancy increased as the
students aged. The response accuracy of these
students was also measured. At age 7, learning
disabled students were about 20% less accurate
than students without learning disability. By age
9, the gap had closed to roughly 5%. This ap-
pears to verify an interference in the natural de-
velopment of strategies to solve basic facts, yet
does imply that automaticity can be developed
in learning-disabled students through the right
methods of instruction.

Research on the development of fact automa-
ticity in learning-disabled students leaves little
doubt as to the importance of extended practice
on math facts. Pellegrino and Goldman (1987)
concluded that extended practice leading to au-
tomaticity provides the learner with both time
and resources to expend on metacognitive and
higher-order activities.

As mentioned, Math Fact Fluency allows teach-
ers to prescribe untimed lessons to students in
which mastery of facts within a time limit would
be too great a challenge. Research supports a
number of other features of the product as be-

ing particularly beneficial to learning-disabled
students:

e When presenting new facts, Lock (1997)
says that “facts should be presented a few at
a time with frequent repetition of previously
memorized facts.” Each Math Fact Fluency
lesson introduces only two new facts. In the
addition and multiplication units, practice
with commutative facts is provided if those
facts were previously learned. A complex
algorithm provides practice with facts that
have been mastered, as well as those facts
needing more practice.

* McCoy and Prehm (1987) suggest that
charts or graphs be used to show students
their progress in fact automaticity. Math
Fact Fluency ends each practice with a fact
matrix which displays the student’s progress
on his path to complete fact mastery.

* Additionally, Lock (1997) states that games
are a useful tool for providing additional
practice with basic facts. At the conclusion
of a student’s lesson in Math Fact Fluency,
an assortment of fun and motivating games
provide practice with the lesson’s facts, as
well other facts not yet mastered.

While the features in Math Fact Fluency provide
strong support for learning disabled students, it
is a product that has been designed to help all
students achieve basic math fact automaticity.
With a solid research foundation and a strong
emphasis on repeated practice, Math Fact Flu-
ency provides both teachers and parents with a
high-quality, modern solution to basic math fact
automaticity.
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