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ABSTRACT
This study examined the academic achievement of students using virtual
manipulatives compared to students using physical manipulatives to understand a
fraction unit. The school was a Title I school with a high population of English
learners. The unit was taught with the district’s curriculum to both the control and
treatment groups. Treatment group students utilized virtual manipulatives during
instruction, both dynamic and static manipulatives. Control group students utilized
only physical manipulatives. The study found students in the treatment group
utilizing virtual manipulatives outperformed the control group on the posttest after
controlling for prior knowledge. English learners in the treatment group also had a
higher academic achievement than students in the control group after controlling for
prior knowledge.
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CHAPTER I
INTRODUCTION
Now more than ever, students are being asked to rely on computers for their
learning as innovations of the 21st century hit the classroom. Gone are the days of
using computers only during “computer class” every other week. Digital devices
have become integral tools for students to master, as necessary as pencil and paper in
today’s classroom. Teachers are learning more and more about these classroom tools
with a wide range of education experience found across a single campus. The US
Department of Education jointly with the Federal Communications Commission
(FCC) created a blueprint called the Leading Education by Advancing Digital
(LEAD) Commission to increase digital education and pathways for teachers to
increase access to technology in the classroom in K-12 schools throughout the United
States (LEAD Commission, 2013). Subsequently, the US Department of Education
created a National Education Technology Plan (NETP) to set a national vision of
what technology should look like in classrooms nationwide (US Department of
Education, 2017).
Manipulatives “are objects designed to represent explicitly and concretely
mathematical ideas that are abstract” (Moyer, 2001, p. 176). Manipulatives are used
to represent the numbers students intend to work with, for example, taking the
number 25 and representing it with counters. Vygotsky (1930-1934, 1978) theorized
that language is both verbal and non-verbal and both need to be accessed through
1
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tools so children may represent their thinking creatively. In 1952, Piaget theorized
that children needed concrete tools to understand math concepts as they did not have
the maturity to internalize abstract math concepts. Later, Zoltan Dienes (1969)
published that children needed multiple representations of a concept to understand
math better.
Starting in the 1960s, manipulatives became popular in elementary schools
across the United States, beginning with the use of base-10 blocks, Unifix cubes,
fraction pieces, and Cuisenaire rods (Kilpatrick, Swafford, & Findell, 2001). These
were later followed by virtual manipulatives or manipulatives that could be used in
the same way as physical objects but with the use of a computer to cause them to
rotate, move, and turn (Moyer, Bolyard, & Spikell, 2002, p. 373). Students are now
being asked to use virtual manipulatives, like counting bears, fraction tiles, geometry
boards, and scales for math, but all completely online. These virtual manipulatives
are clicked and dragged on a website or application for students to represent their
mathematical answers, rather than using tactile hands-on models.
Subsequently, standardized testing, like the modeling used in the Smarter
Balanced Assessment Consortium’s exams (2016), has also turned to online or virtual
tools to demonstrate student answers. Students no longer only click A, B, C, or D for
an answer and instead also have to explain their math reasoning. For example, they
have to demonstrate how a model can be divided to represent three-eighths and
represent it as a model. Publishing companies are also relying on online tools, more
often creating online components for their new curriculum. Many companies are not
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including the traditional manipulatives used in elementary math but making them an
option with virtual manipulatives as the norm. Before converting to virtual
manipulatives, educators need to understand how their use impacts student
understanding of the concepts they are designed to represent.
Statement of the Problem
Most primary teachers believe that students need hands-on, tactile models to
learn best (Uribe-Flórez & Wilkins, 2010). However, with standardized testing
inclusion of online manipulatives, teachers are transitioning from hands-on
manipulatives to digital options. The reality is that college and the workforce both
demand that students and employees use computers to turn in work and answer
questions, and expectations are that they respond appropriately. Hands-on models,
while useful, are not keeping up with the realities of what students are being asked to
do for standardized tests, in later grades, and eventually in college and in the
workforce. So at what age is it appropriate for students to begin the transition to
digital manipulatives? The purpose of this study is to evaluate the developmental
appropriateness of transitioning solely to virtual manipulatives in a third grade
classroom.
Significance of the Study
This study will help teachers better understand the ability of third graders to
utilize math manipulatives to understand math concepts. As teachers make this shift
from hands-on to digital manipulatives, there may still be the need for hands-on
manipulatives to represent math. However, standardized tests are beginning to rely
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on virtual manipulatives to test students’ understanding of a skill, like in the Smarter
Balanced Assessment Consortium tests (California Department of Education, 2016, p.
28). It is a delicate shift. Some studies (Burns & Hamm, 2011; Reimer & Moyer,
2005; Steen, Brooks, & Lyon, 2006) have examined the use of virtual manipulatives
with students but not often with control groups. Many of these studies discuss how
manipulatives helped motivate student learning in a particular classroom. This study
may help clarify if students are more apt to learn from virtual manipulatives over
hands-on manipulatives.
Most importantly, this study may begin to demonstrate to teachers the
importance of virtual manipulatives and teaching students with tools they may be
tasked to use in the future. These manipulatives are not just for “fun”, as they are
regarded by some teachers, but also for learning math concepts (Moyer, 2001).
Research Questions
How do virtual manipulatives aid in students’ understanding of math concepts
on standardized computer tests at the third grade level as compared to hands-on
manipulatives?
Question 1: What is the difference in pretest and posttest scores between third grade
students utilizing virtual manipulatives and those utilizing physical manipulatives in a
fractions unit?
Question 2: What is the difference between third grade English Learner’s utilizing
virtual manipulatives as compared to English learner students utilizing physical
manipulatives?
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Hypotheses
H1A: There is a significant difference in posttest scores between students in the
treatment group and those in the control group.
H1B: There is a significant difference in posttest scores between students in the
treatment group and those in the control group, after controlling for existing
knowledge.
H2A: There is a significant difference in posttest scores between English Learners in
the treatment group and those in the control group.
H2B: There is a significant difference in posttest scores between English Learners in
the treatment group and those in the control group after controlling for existing
knowledge.
Theoretical Framework
Vygotsky (1930-1934, 1978) first theorized that language and learning is a
verbal and non-verbal process. Children acquire knowledge both by being taught and
by being shown. In Vygotsky’s Zone of Proximal Development (ZPD), he described
how tools allow children to build knowledge between being completely supported by
adults and being completely independent. These tools, like pencils, paper, and
speech, allow people to build their knowledge base through multiple forms of media.
Physical manipulatives began to be incorporated into classrooms after
research supporting their use began to trickle into teacher education programs and
classrooms in the 1960s. Physical manipulatives are tools for students to help
formalize learning that are often specific to the skill or the problems they are used for.
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Virtual manipulatives are newer tools but can model non-verbal learning. This study
begins to look at if these virtual tools have similar effects to physical manipulatives in
non-verbal learning.
Piaget (1954) theorized that children needed concrete objects in the
sensorimotor and the concrete operational stage (ages 5-12). Manipulatives allowed
students to have tactile or hands-on learning to take math from the abstract to
conceptual thought. This allows students to begin to relate numbers to concrete
objects. These tools could be directly related to the problem or more abstract but
representative of the problems they are attempting to solve.
Virtual manipulatives are a relatively new area of research and while not
adhering to Piaget’s physical manipulatives, they do allow students to see objects
they can relate to numbers. They do not offer the same sensorimotor stimulation a
physical manipulative would. This study aimed to help researchers understand if
students can get the same stimulation from virtual manipulatives as they would from
physical manipulatives.
Bruner (1973), building upon the work of Piaget, theorized that children learn
best when they can construct their knowledge from patterns or base numbers. In this,
students can build numbers with physical blocks to begin to see how numbers fit
together. Bruner stated that students need to connect with context to be willing to
learn and that students should begin to be able to build upon an already solid
knowledge base to push their learning further. A student’s schema (previously
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acquired knowledge) allows the student to construct new knowledge upon that
particular skill.
Physical manipulatives can offer a base of knowledge Bruner (1973) stated, as
they are sometimes objects they have seen before in the class or they may have used
physical objects at home. They also offer patterns that can be laid out to aid in
students’ understanding. Virtual manipulatives can look similar to objects seen in the
classroom previously or possibly can be counted on the same way some may use a
physical object. This study attempted to find if virtual manipulatives can offer the
same connections as a physical manipulative to previous knowledge and patterns
Bruner theorized are needed.
Definitions
English Language Learners (ELLs or ELs). Individuals whose native
language or home language is not English.
Physical Manipulatives. Manipulatives or classroom tools that aid a student’s
understanding of a subject. They can be picked up, held, examined, and turned by
hand.
Virtual Manipulatives. Manipulatives or classroom tools that are only
available on a digital device. They can be turned, moved, or examined by clicking or
zooming in on the object.
Summary
The use of manipulatives has had mixed results in assessment but many
students are now tested utilizing virtual manipulatives. With curriculum changes and
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advancements in technology, students have changing needs. The US Department of
Education has mandated, with recommendations by the National Council of Teachers
of Mathematics (NCTM), that students gain 21st century skills. As more research is
done on virtual manipulatives and more investments made into technology in the
classroom, districts and classroom teachers will better be able to make informed
decisions on what is best for their students. Districts can also begin to offer
professional development that will aid teachers in the appropriate tools to use to teach
math. The use of devices in the classroom and how they can best aid students’
learning is an expanding area of research.

CHAPTER II
REVIEW OF LITERATURE
There are many studies that research the benefits and hindrances of
manipulatives in the classroom, including teacher’s feelings, age appropriateness, and
the effect on student understanding. However, with the dawning of virtual
manipulatives over hands-on manipulatives, more study needs to be done to
understand how they affect a student’s ability to understand a math concept. This
chapter will review these issues.
Physical Manipulatives in the Classroom
Before there were virtual manipulatives teachers drew on physical
manipulatives in their classroom after they were popularized in the 1960s as
necessary to teach math. The usefulness of manipulatives, though, comes with mixed
results of success as many studies have been done to examine their use in the
classroom.
Raphael and Wahlstron (1989) conducted a stratified random sampling with
103 grade 8 teachers from public and private schools throughout Ontario, Canada
associated with the Second International Study of Mathematics. Teachers were
encouraged to participate in the study by principals. Curriculum and instructional
materials, including physical manipulatives, were sent to participating teachers, and
teachers indicated through questionnaires how often these materials were used. A
pretest and posttest were given to students but manipulatives were only a predictor of
9
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success in geometrical content areas (F (44, 296) = 1.94, p < . 001) and not
significant in any other areas. Also more predictive of student achievement was
teacher experience and emphasis on content and manipulatives, rather than just use of
manipulatives. This led researchers to theorize that a more experienced teacher was
better able to select useful instructional aids.
Sowell (1989) conducted a meta-analysis of 60 studies to determine the
effectiveness of mathematics instruction using manipulatives in the classroom.
Studies ranged across age groups from kindergarten to college-aged students, 17
studies in grades kindergarten to 2, 28 from grades 3 to 6, 11 in grades 7 to 9, and 6 in
post-secondary education. Studies were selected based on their examination of use of
manipulatives. The effectiveness of manipulatives was shown most clearly in studies
with long-term use along with linguistic representations.
Cobb (1996) studied four second-graders' use of concrete manipulatives,
specifically “hundreds boards”, in response to the recommendations put forth by the
National Council of Teachers of Mathematics (NCTM) in the early 1990s to
understand if these manipulatives were pragmatic to use to address the conceptual
needs of students. Cobb used hundreds boards to help students learn how to mentally
compute numbers. He used boards to help students with simple arithmetic, teaching
them to add and subtract numbers with two strategies. The “1010” strategy allowed
students to break addends up and place them back together. For example, 39+48
became 30+40 = 70 and 9+8 = 17, then students added 70+17 on a hundreds board.
The “N10” strategy allowed students to directly use the numbers to add and subtract.
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For example, 83-35 became 83-30 = 53, and then 53-5 = 48. Students were taught
how use these strategies on hundreds boards. The results were mixed; some students
internalized the strategies and others did not, relying on the hundreds board rather
than using the skill without the use of a hundreds board.
Marzano (1998), in a meta-analysis of research of best instructional practices
in all subject areas (N = 673), found that allowing K-12 students to create a model or
“idea representation” allowed students to show achievement gains. Groups using
manipulatives showed a 31-point gain over the control groups, only bested by graphic
representations. Computer graphics also “produced the highest effect size of 1.45 (n
= 1), indicating a percentile gain of 43 points” (Marzano, 1998, p. 91).
Marzano, Gaddy, and Dean (2000) synthesized seven studies about students’
understanding of linguistic and non-linguistic representations of their learning. They
found that by using both systems of representations students are better able to use
those tools and recall that knowledge (p. 86). Non-linguistic representations are
manipulatives or images that do not rely on language but instead pictures or graphics.
Their assessment was that students need manipulatives as well as language to
reinforce subject-area concepts.
In 2014, the NCTM pointed out that many of the models and tools used today
in the classroom are the result of a refinement of cultural tools that took years to
develop and utilize (p. 4). Manipulatives are not a magic wand that will cause a
student to learn a concept but the result of careful planning, use, and instruction
(Kilpatrick, Swafford, & Findel, 2001; Moyer, 2001).
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Uttal et al. (2013) studied 15 boys and 15 girls aged 7-8 years old on their
understanding of subtraction with regrouping using Digi-blocks, a highly-specific
physical manipulative to demonstrate regrouping; written instruction; or no
instruction at all. Students were randomly assigned to one of the three groups. There
were a series of experiments in this study, all using manipulatives to teach different
subtraction techniques. There were three different studies run examining
instructional methods on performance (1a), instructional method on time on test (1b),
and instructional methods on the mode of testing (1c). Students were taught over two
days two-digit subtraction with regrouping with either written instructions,
manipulatives, or were in the control group which received no instruction at all.
During experiment 1a, students taught only with manipulatives did statistically worse
(F(2,26) = 17.84, p < .001, M = 2.20, SD = 1.99) than students in either the written
instruction group (F(2,26) = 17.84, p < .001, M = 6.00, SD = 1.25) or the control
group (F(2,26) = 17.84, p < .001, M = 4.20, SD = 2.10). This supported the
researchers’ theories that highly specific manipulatives may not be conducive to
student learning.
Teacher Perception of Manipulatives
Beyond research documenting the success of the use of manipulatives is
examining teachers’ response to and use of manipulatives. Moyer (2001)
purposefully surveyed, interviewed, and observed 10 middle school teachers who
were enrolled in a mathematics institute about use and educational theory of
manipulatives and math tools in the classroom. Of the teachers surveyed by Moyer,
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79% reported using a manipulative including rulers, scales, calculators, and pattern
tiles during a variety of different math lessons. In a similar study, Moyer and Jones
(2004) observed 40 classroom math lessons, interviewed teachers, and reviewed
lesson plans and found that manipulatives were almost always used with teacher
direction. Many teachers reported the fear of loss of control of the classroom with the
use of manipulatives (Moyer, 2001; Moyer & Jones, 2004). Teachers who believed
in closely controlling the management of a classroom and activities or “control
oriented teachers” allowed more use of manipulatives than teachers who considered
themselves “autonomy oriented teachers”. Control-oriented teachers were 15% more
likely than their counterparts to use manipulatives in a lesson (Moyer & Jones, 2004).
Moyer and Jones’ study suggested that virtual manipulatives might help controloriented teachers feel more control over their classroom than autonomy oriented
teacher because the manipulatives themselves are not tangible items that can be
thrown. However, the technology integration might introduce other concerns for
teachers.
Uribe-Flórez and Wilkins (2010) surveyed 503 elementary teachers across
two school districts to see if there was a relationship between teachers’ use of
manipulatives by grade level, experience, or education beliefs. They found that
teachers’ beliefs towards manipulatives and their grade level were strongly positively
related to use of manipulatives (F = 48.22, p < .05). The lower the grade level
responding teachers taught the more likely they were to use manipulatives in the
classroom. Teacher belief in the use of manipulatives more often predicted use of the
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materials than did the background characteristics of age and experience.
Kindergarten teachers were found to most often use manipulatives, with first and
second-grade teachers next, and third-grade through fifth-grade teachers were the
least likely to use manipulatives.
Student Use of Virtual Manipulatives
The purpose behind manipulatives and the teachers’ use of them boils down to
the best practices for which these items really aid in student understanding. As this
study relies mostly on virtual manipulatives, reviewed studies all utilized virtual
manipulatives. In 2005, Reimer and Moyer studied a single third-grade classroom of
19 students over two weeks using virtual manipulatives with a fractions unit.
Teachers created four tests, two posttests and two pretests covering procedural
knowledge and conceptual knowledge. Students had to move to the computer lab to
do their math work on fractions using math applets that had instant corrections. The
applets were available from the National Library of Virtual Manipulatives and
required students to click to fill in various fraction tiles or comparing fraction sizes to
answer teacher made questions on a worksheet. Instant corrections in the applet
allowed students to check their thinking by clicking a button and finding out if their
work matched the answer as generated by the computer. Students showed an increase
of their conceptual knowledge from pretest (M = 9.58, SD = 4.53) to posttest (M =
11.0, SD = 3.61), t(18) = 2.05, p < .05. However, students showed little growth from
pretest (M=12.63, SD= 1.34) to posttest (M=12.74, SD= 1.10), t(18) = 0.32, p = .75,
with their procedural knowledge of creating equivalent fractions. This supported the
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authors’ hypothesis that virtual manipulatives would support students’ conceptual
knowledge.
In another study, researchers found that between pretest and posttest, the
treatment group closed the gap between themselves and the control group with the
use of manipulatives (Steen, Brooks, & Lyon, 2006). In the study, 31 first graders
were randomly assigned to treatment or control groups to meet similar mathematical
objectives to understand grade-level geometry over a 13-day unit. The study
examined whether a difference existed between pretest and posttest results of students
using virtual manipulatives compared to those using traditional manipulatives. Firstgraders in the control group had a pretest mean of 89.5% (SD=1.8) with a posttest
mean of 96.3% (SD = 1.2). Students in the treatment group started with a lower
pretest mean of 71.6% (SD = 4.8) but a posttest score mean of 96.8% (SD = 1.00),
t(28) = 1.47, p < .001. This supported their theory that virtual manipulatives were
just as effective as traditional physical manipulatives (Steen, Brooks, & Lyon, 2006,
p. 386).
Suh, Moyer, & Heo (2007) studied 46 fifth-graders in three classes using
virtual manipulatives from NCTM to understand fractions. The fifth graders were
identified in three groups of high, average, and low achievement groups. Researchers
interviewed and observed students utilizing virtual manipulatives during teacher
created math tasks to determine what learning characteristics were enhanced by
virtual manipulatives in the adding and equivalency of fractions. They saw that
students were less likely to make common errors in fractions, like adding the
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denominators, because the website’s application would correct them instantly. They
noted that students seemed better able to see the linguistic numbers combined with
the non-linguistic visual representations and that may have added to their
understanding. The researchers noted that the applets appeared to help the low
achievement group the most as this group appeared during task observation to rely
more heavily on the virtual manipulative than either the high or average group.
Burns and Hamm (2011) had 91 third-graders working on fractions and 54
fourth-grade students working on symmetry use both physical manipulatives and
virtual manipulatives on applets created by the NCTM. Students using both physical
and virtual manipulatives were both tasked with completing similar problems using
either set of manipulatives. Researchers created the pretest and posttests to meet the
math objectives set by the curriculum and tests were approved by teachers. Students
were sorted randomly into treatment groups within their grade level. Authors found
no statistically significant differences between the posttest (M = 24.19, SD = 4.93)
and pretest (M = 24.19, SD = 4.93) of the groups, about 1% difference on the average
scores. However, in anecdotal interviews with students, students were more positive
about their interactions with virtual manipulatives. They viewed them as more game
like and “fun” (p. 259). Their results suggested that either concrete manipulatives or
virtual manipulatives would aid students in understanding. This study was intended
to be a pilot study. Many of the teachers expressed interest in learning more about
virtual manipulatives but had little experience with them.
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As Burns and Hamm (2011) used paper and pencil pretests and posttests,
questions remained about whether students who used virtual manipulatives would
have performed better on tests administered on a computer, the medium through
which they had learned. Uttal et al. (2013) found that if students used formats they
were not accustomed to, they universally did worse on tests, using either physical
manipulatives or written tests to demonstrate skills. To understand if there was a
transference problem during research they ran several tests. The treatment groups
were taught with manipulatives instruction or written instruction using coordinating
lessons. The students were then tested in the same format they were taught in
originally and students showed significant improvement. During experiment 2,
researchers reversed experiment 1a where all students took the posttest using physical
manipulatives. Students using manipulatives showed the greatest adjusted mean
scores (𝑀 = 6.00; SD = 1.05), compared to the control group (𝑀 = 2.70; SD = 1.70) or
the written instructions group (𝑀 = 2.60; SD = 2.32). Students taught with written
instruction, when tested with manipulatives, had an average score lower by 58% as
compared to their counterparts. This supported the authors’ theory that there would
be a transference problem for students not utilizing the instructional tool they were
most familiar with on the test.
Summary
This research all leads to where the US is now in relation to manipulatives, on
the cusp between using concrete manipulatives and virtual manipulatives to test
students on 21st century skills. This idea comes to a head during modern Common
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Core testing, like the Smarter Balanced Assessment Consortium (SBAC) test or the
Partnership for Assessment of Readiness for College and Careers (PARCC) test.
These tests are solely online. With the Uttal et al. (2013) study in mind, are teachers
using best practices for students by avoiding virtual manipulatives? The Common
Core State Standards Initiative (CCSS) (2013) calls for students to represent their
thinking with models which is later tested on the SBAC and PARCC. With the
introduction of the CCSS, the National Council of Teachers of Mathematics (NCTM)
changed its founding principles as of 2014 to include technology to prepare students
for their future.
Studies document that manipulatives, or models, are necessary for student
understanding of math concepts, especially as they relate to using those tools later to
solve problems or model thinking. The use of these manipulatives depends largely on
the grade level and teachers’ control of the classroom. Student use of virtual
manipulatives was equaled or surpassed by the scores of students using physical
manipulatives in several studies. What is missing in the current research is
documenting how students do on standardized questions similar to those found on the
SBAC or PARCC, when they use virtual manipulatives versus concrete
manipulatives.

CHAPTER III
RESEARCH DESIGN
Chapter III examines sample details, research methods, instruments, and data
analyses. The sample included students from three third grade classrooms. The
methods outline the instructions by the teachers, materials used, and the assessments.
Instruments measured students’ academic achievement through a teacher created
pretest and posttest based on grade level standards and SBAC release questions. Data
analyses measured students’ academic achievement scores between the control and
treatment groups for the unit.
Sample
This was a mixed methods study conducted at an elementary school in a
Central Valley town in California during the 2016-2017 school year at the third-grade
level. This school was a Title I school with 514 enrolled and 90% of students
qualifying for free or reduced lunch (California Department of Education, 2017b). In
the school, 45% of students were English learners and 64% of students are Hispanic
or Latino. The ethnic diversity of the school is 70% Hispanic, 20% Caucasian, 5%
Asian, and 2% African American (California Department of Education, 2017a).
During the study, there were 73 third-graders enrolled, and 72 participated.
The teachers were selected based on their comfort level with using computers
in class. The treatment group teacher had the most skill with technology and digital
devices among the three teachers. The treatment group teacher was also the most
19
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interested in utilizing virtual manipulatives, while the other two teachers were willing
to use virtual manipulatives during other units not examined in the study. Students in
the class of the teacher using virtual manipulatives were in the treatment group while
students in the classes using physical manipulatives were in the control group. While
the students could not opt out of instruction, they could choose to exclude their
pretest and posttest scores from the study. Demographic information for each class is
detailed in Table 1.
Table 1
Demographics of Students in Control and Treatment Groups
n

% Male

% Female

% of English
Learners

Control 1

23

57

43

26

Control 2

24

54

46

21

Treatment

24

54

46

38

All students had access to time with computer devices daily at school during
reading, testing, and typing. All computers were kept on a cart in the classroom, and
each student was assigned a computer and individual login identification. Each
student had access to programs through shared files and links on screen.
Method
During this study, teachers taught fraction equivalency as per district pacing
calendar using McGraw Hill’s MyMath Third Grade (McGraw-Hill Education, 2015).
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Teachers taught using standards based curriculum provided by the district. A pretest
was given via Google Forms to determine students’ understanding of equivalent
fractions at the start of the unit.
Teachers taught equivalent fractions based on curriculum guidelines from
McGraw Hill’s MyMath Chapter 10: Fractions and with sample questions used by all
teachers across the grade level. Math instruction was daily in the morning for
approximately one hour, modified as needed based on the schedule. The fractions
unit was eight lessons according to McGraw Hill’s curriculum. The unit was covered
over 15 days moving with the district’s pacing calendar, including a day for
reviewing skills taught in the unit, a day for reviewing the materials, and a day for
unit assessment. Teachers’ curriculum, supplemental materials, and tools used for
both the control and treatment group are detailed in Appendix C.
All materials used were based on release questions from the Smarter Balanced
test, including teacher created SBAC sample review questions and worksheets from
supplemental materials (seen in Appendix C) and third grade materials from McGraw
Hill’s MyMath. All questions used in class, curriculum or release questions, were
based on a third grade level standards in fractions. Students in the control groups
used concrete physical manipulatives consisting of whiteboards, foam fraction tiles,
and foam fraction bars as they engaged in learning activities. Each control group
student was provided with a manipulative based on the given day’s lesson.
The treatment group teacher addressed the same curriculum, using the same
books and worksheets, only using virtual manipulatives instead of concrete physical
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manipulatives, both static and dynamic. Each student completed the virtual
manipulative activities individually using a digital device. All students had access to
virtual manipulatives or “tools” under the McGraw Hill MyMath curriculum.
Students also accessed Illuminations through the National Library of Virtual
Manipulatives (NLVM), Moby Max Student Response System, and ABCya per
teacher direction. Illuminations is an online database of virtual manipulatives
controlled by the National Council of Teachers of Mathematics and is accessible to
anyone. Moby Max Student Response System is an online based subscription service
for teachers to use with leveled and self-paced instruction. Student Response System
(SRS) is an applet on Moby Max that allows teachers to assign students to use and
respond with manipulatives and questions from Moby Max standards based
curriculum. ABCya.com is an online for-profit site that is free with advertisements
for all to use. It has virtual manipulatives and related interactive games on a variety
of skills.
This study was conducted over two weeks during the middle of the 2016-17
school year. At the end of the study, students were given a test similar to the pretest
as a posttest. All posttests were taken online using digital devices.
The treatment group teacher kept a log of students’ reactions to the variety of
virtual manipulatives. A log was also kept of students’ engagement, verbal questions
during lessons, and discussions on the data.
CSU Stanislaus Institutional Review Board approval was granted to conduct
this study, protocol # 1617-069 on January 23, 2017.
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Instruments
Posttest and pretest questions were selected and based on fraction concepts
taught and tested in the third grade. The grade level teachers collaborated on the
instruments and agreed that both the pretest and posttest reflected the content that
students were expected to learn during the unit. The pretest and posttests were built
to reflect sample questions released from the Smarter Balanced Assessment
Consortium (SBAC) and were completed on the computer using Google Forms.
They addressed objectives covered during the 18 days of instruction and were
designed to assess students’ grasp of fractions. The pretest and posttest questions
were similar to each other. See Appendix A and B for the instruments.
Test questions were scored on points between 0 to 16 with a score of 12
(75%) or greater indicating that the student had achieved the standard. There were 16
questions, each addressing standards covered in the unit. Eight of the questions were
multiple choice, and eight of them were fill in the blank or task oriented. Each
question was given equal weight and scored as either correct or incorrect. Cronbach’s
alpha revealed that instrument reliability was not consistent between the pretest (.27)
or the posttest (.64).
Data Analysis
This was a quasi-experimental study. Data were entered into the Statistics
Package for the Social Sciences, v.23.0. An alpha level of .05 was used for all
analyses. Descriptive data were reported after computing two Analysis of Variances
(ANOVA) to examine performance across all students in the treatment and control
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groups and among English Learners in both groups. In addition, two Analysis of
Covariances (ANCOVA) were used to control for the initial differences using the
mean of pretest as the covariate.
Summary
An overview of the sample, methods, instruments, and data analyses were
provided so as to communicate how data and results were gathered and assessed.
Three third grade classrooms were included in the study and all were assessed in the
same way using the same materials. Two different types of manipulatives were used
to teach one math unit focusing on the third grade fractions standards. The academic
achievement of all groups was measured by a teacher-created Google form. Student
responses were measured by teacher evaluation. Results are presented in Chapter IV.

CHAPTER IV
RESULTS
This study examined the impact of virtual manipulatives and physical
manipulatives on third grade students’ understanding of fractions. Data were
gathered over a three-week period where teachers utilized either physical
manipulatives (control) or virtual manipulatives (treatment) to teach the McGraw-Hill
MyMath Chapter 10 Fractions unit and correlating Common Core State Standards
(CCSS). A pretest was given to both the treatment and control groups to determine
their understanding of fractions according to the CCSS. A posttest was given to both
groups covering the same standards as the pretest. Data were also evaluated to
determine if there was a difference in academic achievement of English learning
students as compared to English only students. The results in this chapter are based
on the hypotheses derived from the research questions.
Findings
Hypothesis 1A
The Analysis of Variance (ANOVA) first was run to determine the difference
between posttest scores of the control and treatment groups. Results indicated there
was not enough evidence to indicate differences in the groups, F (1, 65) = 1.35, p =
.05, η2 = .056. Students using virtual manipulatives (n = 24, M = 8.92, SD = 1.74)
and students using physical manipulatives (n = 43, M = 7.84, SD = 2.36) had similar
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levels of academic achievement based on use of manipulatives. Table 2 summarizes
results.
Table 2
ANOVA Results Comparing Treatment to Control Group Means on the Posttest
n

M

SD

F

p

η2

43

7.84

2.36

1.35

.05

.056

Treatment 24

8.92

1.74

Control

Hypothesis 1B
The Analysis of Covariance (ANCOVA) was run to examine the impact of
manipulatives used on posttest scores after controlling for initial differences using
students’ pretest scores as a covariate. For Hypothesis 1B, test results indicated there
was a significant difference, F(1, 61) = 4.85, p = .03, η2 = .07. The adjusted mean of
students using physical manipulatives (Madj = 7.74) was lower than that of students
utilizing virtual manipulatives (Madj = 9.00). See Table 3 for results.
Table 3
ANCOVA Results Comparing Treatment to Control Group Means on the Posttest
after Controlling for Existing Knowledge
n

Madj

SD

F

p

η2

43

7.74

2.35

4.85

.03

.07

Treatment 24

9.00

1.78

Control
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Hypothesis 2A
An ANOVA was run to compare the posttest scores of English Learners in the
control and treatment groups. after the analysis related to Hypothesis 2A, there was
not enough evidence to indicate differences, F (1, 15) = .81, p = .38, η2 = .051.
Students who were English Learners using virtual manipulatives (n = 8, M = 9.63, SD
= 1.69) and students who were English Learners using physical manipulatives (n = 9,
M = 8.89, SD = 1.69) had similar levels of academic achievement based on use of
manipulatives. Table 4 provides an overview of the results.
Table 4
ANOVA Results Comparing Scores Between English Learners in the Treatment and
Control Groups
n

M

SD

F

p

η2

9

8.89

1.69

.81

.38

.051

Treatment 8

9.63

1.69

Control

Hypothesis 2B
The Analysis of Covariance (ANCOVA) was run to examine the impact of
manipulatives used on posttest scores for English Learners after controlling for initial
differences using students’ pretest scores as a covariate. After the testing of
Hypothesis 2B, results indicated there was a significant difference between the
control and treatment groups, F(1, 13) = .65, p = .44, η2 = .05. The adjusted mean of
English Learner students using physical manipulatives (Madj = 8.78, SD = 1.60) was
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lower than the adjusted mean of students utilizing virtual manipulatives (Madj = 9.47,
SD = 1.69). Results are reflected in Table 5.
Table 5
ANCOVA Results Comparing Scores Between English Learners in the Treatment and
Control Groups, after Controlling for Existing Knowledge
n

M

SD

F

p

η2

8

8.78

1.60

0.65

.44

.05

Treatment 8

9.47

1.69

Control

Summary
Data were collected for the first hypothesis comparing test results between the
control and treatment groups. Students overall had no statistically significant
difference in achievement scores between the posttest and pretest. In a follow up to
the first hypothesis, test results were compared while using the pretest as a control for
existing knowledge. This did show a statistically significant difference between the
control and treatment groups, favoring students who used virtual manipulatives.
Data were collected for the hypothesis comparing test results between the
control and treatment group only comparing students identified as English Learners.
The results indicated there was no statistically significant difference between these
groups. A secondary test was run comparing results focusing only on students
classified as English Learners, using a pretest as a control for existing knowledge.
This hypothesis showed a statistically significant difference between the groups, with
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English Learners who used virtual manipulatives having higher means than their
physical manipulative peers. Chapter V discusses these results.

CHAPTER V
SUMMARY, DISCUSSION, AND RECOMMENDATIONS
Reliance on technology is becoming a more common staple of the American
classroom. Classroom doors are now rarely closed to the outside world, with
information not only accessible through books, but with wide open access to up to
date information, tools, and the community as a whole. With this increased access to
new tools has also come a switch from reliance on physical tools to virtual tools being
incorporated with curriculum.
Educators’ reliance on this technology is beginning to be studied and
researched more. The US Department of Education formed the National Education
Technology Plan (NETP) to guide districts and teachers towards incorporating
technology into classrooms and examining how integration of technology should look
(US Department of Education, 2017). Technology has become ubiquitous in schools
with many schools moving towards students being one–to-one with digital devices.
Technology has become the norm for students. With that, teachers, administrations,
and curriculum companies should began to examine what tools they are using to
instruct these 21st century learners.
This study examined how using virtual manipulatives or using physical
manipulatives affected students’ academic achievement with three third grade
classrooms. The students included in the study had a range of English mastery and
academic performance levels. The topic of fractions was taught using materials from
30
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the district’s curriculum from McGraw Hill’s MyMath, along with supplemental
materials used for further instruction. Materials were the same across the grade level;
all teachers used Direct Interactive Instruction methodologies, with a difference in
treatment being student access to virtual manipulatives or physical manipulatives. All
students were assessed with a teacher created Google form modeling questions from
the SBAC to determine students’ understanding of the Common Core State Standards
covering fractions. Results were summarized in Chapter IV and are discussed in
Chapter V.
Summary of Results
The study’s results examined students’ academic achievement on the pretest
and posttest as a whole group, and also looked at the performance of students who are
English Learners. Students utilizing physical manipulatives, the control group (n =
43, M = 7.84, SD = 2.36), performed similarly to the students using virtual
manipulatives, the treatment group (n = 24, M = 8.92, SD = 1.74), F (1, 65) = 1.35, p
= .05, η2 = .056 on the teacher created posttest. However, after controlling for
preexisting knowledge, students in the treatment group (n = 24, Madj = 9.00, SD =
1.78) outperformed students in the control group (n = 43, Madj = 9.00, SD = 2.35),
F(1, 61) = 4.85, p = .03, η2 = .07.
Results from students designated as English learners also followed similar
trends as the whole group. Similar posttest results were found between the treatment
group (n = 8, M = 9.63, SD = 1.69) and control group (n = 9, M = 8.89, SD = 1.69), F
(1, 15) = .81, p = .38, η2 = .051. After controlling for preexisting knowledge results
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from the pretest, students in the treatment group (n = 8, Madj = 9.47, SD = 1.69)
outperformed students in the control group (n = 8, Madj = 8.78, SD = 1.60), F(1, 13) =
.65, p = .44, η2 = .05 on the posttest.
Discussion
Results of this study reveal that, after controlling for students’ prior
knowledge of fractions, students using virtual manipulatives outperformed students
utilizing only physical manipulatives. Students designated as English Learners who
used virtual manipulatives, after controlling for prior knowledge, also outperformed
English Learners utilizing only physical manipulatives.
Both Vygotsky (1930-1934, 1978) and Piaget (1954) theorized that children
must have experiential learning opportunities as well as have concrete
representations. Physical and virtual manipulatives both offer these experiential
opportunities, so the way the manipulatives are experienced and used may make the
difference in their contribution to learning. Physical manipulatives are usually on a
table in front of a student and may be picked up and touched. Virtual manipulatives
are on a screen and unable to be picked up with fingers but instead moved with the
click of a mouse. One benefit they offer is that unlike physical manipulatives, many
of the creators of these resources programmed on-screen numbers to appear
simultaneously with the manipulative, giving students a direct connection between
number and manipulative.
With many of today’s classrooms utilizing devices and even going one-to-one,
students may now be more accustomed to learning from a digital device than ever
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before. Many students are becoming more practiced in watching YouTube videos to
learn a new skill or better understand a game. Many children have access to learning
apps and are accustomed to interacting with digital resources by clicking and
dragging. The current generation may be more suited to learning from screens than
previous generations, and thus virtual manipulatives may be appropriate for their
skillset. Burns and Hamm (2011) noted that students had a great interest in learning
from an applet but students did not see using the manipulatives and devices as likely
to happen again. This motivation to learn and interact with their learning tools
digitally, not physically, may motivate students to interact with math tools like
students in the past interacted with physical tools on their desks.
The treatment group may have outperformed the control group because of the
speed with which virtual manipulatives can be used, thus allowing for more practice.
Virtual manipulatives used in this study could be cleaned up or reset with the click of
a button, possibly allowing students to practice more questions within the same daily
schedule than with physical manipulatives. Since computers may be more easily
managed by the teacher than traditional physical manipulatives, teachers may be more
likely to use them longer than physical manipulatives. Classroom management of
virtual manipulatives is notable because the computer may be viewed by the teacher
from a distance, rather than teachers having to peer directly over a child’s shoulder to
validate their work, and computers may be more easily put to the side than a pile of
physical manipulatives. Computers have less risk of falling off the table or scattering
across desks than physical manipulatives. The teacher using virtual manipulatives
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may have felt more in control of the classroom and lesson than the teachers using
physical manipulatives and thus was able to spend more time and focus on fractions
and less on behavior management.
Noteworthy as well, is the academic achievement of English Learners (ELs) in
the treatment group after controlling for existing knowledge. The ELs in the
treatment group outperformed ELs in the control group. This result seems to point
out that virtual manipulatives can be substituted for physical manipulatives in the
classrooms for use in instruction and testing. The NCTM directs teachers to allow
ELs to use manipulatives to show what they know during math in lieu of access to the
language (National Council of Teachers of Mathematics, 2013). Teachers are also
directed to give non-linguistic support to ELs; a non-linguistic representation could
be a virtual manipulative. With the pairing of numbers with an on-screen object and
minimal linguistics, virtual manipulatives may make a great scaffolding tool for
teachers to utilize with English Learners.
Considering also the importance of conversation and peer interaction with
ELs, the teachers in both groups continued to hold all students to Direct Interactive
Instruction (DII) methods of talking with parnters and having time to think. Since ELs
especially need time to talk to others, interaction with partners continued during with
virtual manipulatives but changed in that students pointed at screens, used other
students’ devices when needed, and moved devices close together to discuss what
they each were doing. It continues to be purposeful that teachers plan to ensure
English Learners have practice with speaking and listening to partners.
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Some of the virtual manipulatives used in this unit, specifically those available
at the National Library of Virtual Manipulatives (NLVM), may have allowed for selfcorrecting by students because they simultaneously showed the numeral
representation and digital representation of the fraction. This allowed students to
almost always build the correct fraction with appropriate numerators and
denominators. Physical manipulatives do not offer the same feedback, relying on the
teacher, the student, or peers to correct representations.
Considering that all students tested on Google forms, the treatment group’s
skills of transferring knowledge from computers to workspace and back to computers
may have contributed to the difference in scores between groups. While both the
control and treatment group had similar access to digital devices in the classroom, the
treatment group was the only classroom actively using student computers with the
fraction unit, via using virtual manipulatives and taking curriculum based quizzes.
Uttal et al. (2013) found that if students were tested differently from how they had
learned, they performed universally worse on the test. Since students using physical
manipulatives were tested on Google Forms, their understanding of the standard may
not have come through as well on the posttest. However, many students throughout
the United States are testing online so this would imply that using virtual
manipulatives would be a better practice than using physical manipulatives.
Other considerations for the difference in scores is possibly that the treatment
teacher was more confident with and used more technology during math instruction
overall, resulting in students being comfortable with the virtual manipulatives and
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therefore fractional concepts than the control group students. It may also be that the
treatment teacher may have had different methods of teaching leading to higher
student achievement related to understanding fractional concepts, though all teachers
use DII methods of instruction and planned lessons as a team.
Recommendations for Further Research
This study continues to highlight the need for better research into
manipulatives, both physical and virtual and what is most developmentally
appropriate for students. Both have their benefits and have their faults. Though
manipulatives are a fairly common resource in American classrooms, how they can
benefit students needs further research. With questions on the California Assessment
of Student Progress and Performance (CAASPP) requiring manipulation (California
Department of Education, 2016, p. 28), when is it most developmentally appropriate
to introduce these concepts? If students, teachers, and schools are being judged on a
students’ ability to understand a computer model, should they be introduced earlier?
And are students in third grade developmentally ready to manipulate digital objects to
represent their thinking? Further research could be done on first and second graders’
academic achievement after using virtual manipulatives and physical manipulatives.
This would better tell educators when or if virtual manipulatives are developmentally
appropriate with younger learners.
Since virtual manipulatives are beginning to be offered frequently in new
math curriculum, research needs to begin to support it. Money will be spent by
districts purchasing this curriculum but without further research, it will continue to be

37

unclear whether virtual manipulatives are the best practice for students. Along with
curriculum there is a wealth of websites that also offer virtual manipulatives, many of
them free of charge. With so much available, teachers need to be able to know how
to find resources that fit the standard and students they are teaching. Like many
things on the Internet, not all websites should be utilized and not all are truly helpful.
Further research on what manipulatives are most effective would contribute to best
practices. Research could compare virtual manipulatives that have accompanying
numerical representations versus virtual manipulatives with no numerical display.
Other research could investigate different available manipulatives, like comparing
achievement between NCTM Illuminations virtual manipulatives to McGraw Hill’s
virtual manipulatives.
Lastly further research needs to be done to understand the results of this study.
Did the treatment group students outperform the control group students because of the
virtual manipulatives themselves or because of an aspect of the virtual manipulatives,
like self-correcting features of the programs? Many virtual manipulatives sites have
numbers that pair along with the actual manipulative and thus students could selfcorrect. In many of the virtual manipulatives used, like ones available from the
NVLM, the digits for the numerator or denominator appear as students click or add
pieces to the manipulative. This nearly guarantees that when students are asked to
make a model of three-fourths, they are correct. Some virtual manipulative sites also
offer the ability for students to check their answer, thus allowing students to check
their work without teacher intervention. For example, if a student must make
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equivalent fractions on one NLVM app, he or she may compare them on a number
line or a model as they create them. Further research could investigate whether this
ability for students to self-check their work may have aided in understanding.
A follow-up qualitative study could further help understanding of the results
by interviewing or observing students while they explained their thinking during the
use of manipulatives. This may paint a better picture about students’ understanding
of the subject matter through manipulatives and if there was a difference between
students’ reaction to virtual or physical manipulatives.
While all the teachers in the study used Direct Interactive Instruction (DII) to
teach, teaching styles and experience may have had an impact on results. In future
research, expanding a similar study to multiple grade levels and more teachers may
help researchers better understand the more global impact of manipulative types on
student learning. Also with a larger sample size across multiple grade levels, there
would be more teachers to lessen impact of teaching methods and individuals on the
outcome of results.
Further research could also explore how teachers’ years of experience or
comfort with technology predicts their use of physical manipulatives or virtual
manipulatives. This would aid administrators, districts, and teacher colleges in
preparing teachers for the tools teachers need to be utilizing in the classroom. Since
virtual manipulatives may become a staple of a wholly digital classroom, teacher
comfort and use of manipulatives needs to be fully explored to research best
practices. Researchers could investigate student achievement using virtual
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manipulatives with teachers that were comfortable with technology compared to
student achievement using virtual manipulatives with teachers that were not
comfortable with the technology needed.
The use of technology in the classroom is continuing to evolve and will
hopefully continue to improve. Along with this research and teacher training,
technology integration will continue to evolve as more digital natives begin to
become teachers and researchers themselves. Students’ understanding and comfort
with digital devices is necessary for their success in a 21st century world. Virtual
manipulatives are a beneficial tool for the classroom teacher when used with good
teaching strategies.
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FRACTIONS PRETEST
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FRACTIONS POSTTEST
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APPENDIX C
FRACTION UNIT PLANNER
Fraction Unit Planner
Lesson
Plans
Supplemental
Work
Opener Am I
Ready?
P.563
Vocabulary
Review

Shade the
Figure with the
Indicated
Fraction
(Mathaids.com
, 2017)

1

Unit
Fractions
p.569

2

Part of a
Whole 569

3

Part of a
Set
p. 582

Draw a picture
showing the
fraction
(Dadsworkshee
ts.com, 2016)

Check
My
Progres
s

Quiz and
Reteach
Day p. 593

Fraction
names. P.128
(AddisonWesley, ND)

Treatment
Used:
One Note Drawing for
“half” by teacher

Used:
http://illuminations.nctm.
org/Activity.aspx?id=3519

Used:
http://illuminations.nctm.
org/Activity.aspx?id=3519
Moby Max utilizing
student response system
and Moby Max curriculum
questions
Used:
http://illuminations.nctm.o
rg/Activity.aspx?id=3519
MyMath Virtual
Manipulatives to
demonstrate parts of a set
of bears
Used:
Whiteboards and MyMath
Manipulatives
Fraction Fling Game:
http://www.abcya.com/fra
ction_fling.htm

Contr
ol
Used:
p.567 and 568
Foldables from
MyMath
Teacher created
foldable
Teacher used fraction
pieces
Used:
Teacher created
foldable
MyMath Foldable
Teacher used fraction
pieces
Used:
Teacher Created
Foldable
Whiteboards
“Pizza Puzzles” (N.A.,
N.D.) manipulatives
(See attached)
Used:
Student Created
Foldable
Physical
Manipulatives:
Red/Yellow Counters
Used:
Whiteboards and
Physical
Manipulatives

55
4

Investigatin
g Start p.
588

5

Fractions
on a
Number
Line
p. 595
Equivalent
Fractions
p.601

Number lines
(MathAids.com,
2016)

Reteach
Equivalent
Fractions
Fractions as
One Whole
p.607

Equivalent
Fractions (Jan
Lindley, ND)
Fractions on
Number Lines
(MathAids.com,
2016)

6

6
7

8

Compare
Fractions p.
614

8

Reteach
Compare
Fractions

Review

Review
p.619

More or Less?
(Frank Shaffer
Publications,
Inc., ND)

Test
Anchor Chart:
Identify or Write a Fraction:
Count the TOTAL parts... write
Count the needed parts... write

Used:
Drew on Computer using
OneNote
MyMath Virtual
Manipulatives
Used:
Teacher created PDF
number line on OneNote
(see attached)

Used:
Whiteboard
Physical
Manipulatives:
Red/Yellow Counters
Used:
Student Created
Foldable
Whiteboards

Used:
Equivalent Fraction Tileshttps://illuminations.nctm.
org/activity.aspx?id=3510
MobyMax Student
Response System
questions and
manipulatives from
MobyMax
Same as above

Used:
Student Created
Foldable
“Pizza Puzzles”
manipulatives
Teacher used fraction
pieces

Used:
http://illuminations.nctm.o
rg/Activity.aspx?id=3519

Used:
Physical
ManipulativesCounters

Used:
Equivalent Fractions: (able
to compare to fractions at
the same time)
https://illuminations.nctm.
org/activity.aspx?id=3510
MobyMax Student
Response System
Curriculum
Used:
OneNote drawings on
computer

Used:
Whiteboards
Teacher used fraction
pieces

Same as above

Same as above
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