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Investigating Elementary Math Teachers' TPACK
Characteristics and Instructional Practices
Farah Mohammad Khaled Chaaban
ABSTRACT
Technology has become an indispensable part of everyday life. The presence and use of
technological tools in the classroom are rapidly evolving phenomena. This study
investigated instructional practices of elementary math teachers and their Technological
Pedagogical and Content knowledge (TPACK) characteristics when technology is used
in instruction. Teachers' perceptions of the role of technology in shaping instructional
practices were also examined. Grade-4 mathematics teachers and other elementary
teachers from three schools in Ontario, Canada, participated in the study. Two class
observation sequences and interviews were conducted with the grade-4 mathematics
teachers. Elementary teachers from other grade levels were surveyed. Results showed
that certain technological tools are perceived by teachers as essential, and more effective
than others. Data also showed that the purpose of technology use was mostly to provide
resources for teachers and students and to practice computational skills. Most teachers
expressed comfort and confidence using technology in instruction and belief in the
necessity of using it, with varied perspectives on the impact of technology on their
teaching practices. The observation confirmed and showed that the majority of the
teachers were comfortable using technology. Half of the observed teachers were able to
spontaneously shift from one tool to another seamlessly, while the rest mainly hovered
over the same tool throughout the entire session. When it comes to teaching practices,
all teachers declared that technology is not a driving factor towards more learnercentered teaching practices, because the teacher can make a classroom learner-centered
or non-learner-centered regardless of whether or not technology is used. when
pedagogical knowledge (PK) is concerned, all teachers indicated that they would modify
their teaching practices to address student needs and knowledge gaps, as well as
welcoming student interventions and questions as an important step for learning. Data
revealed, however, that teachers did not attribute importance to explaining to students
why a particular technological tool was being used, nor did they explain how to use it.

Keywords: TPACK, Instructional practices, Technological tools, Teachers' perceptions,
Elementary.
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Chapter One
Introduction
The belief that technology takes a backseat role in education is outdated and
ought to change. Technology use can deeply transform and enhance learning
experiences (Herrington &Kervin, 2007).Classroom settings that involve only limited
access to technology do not cater for a wholesome learning experience. Kaput, Noss,
and Hoyles (2008) contend that technology is particularly interesting for mathematics
teachers due to its ability to provide representational tools for modeling, visualization,
and simulation.
Technology prevalence is not limited to schools; certain professions today are
considered outdated if technology is not a part of their practice. Cuban (2001) argues
that teachers today use nearly the same tools used by teachers previously; schools still
rely mainly on textbooks and blackboards. However, teachers' pedagogical practices are
in a constant state of flux, and certain circumstances dictate a modification in teaching
techniques and styles such as adopting more constructivist theories of learning (Brooks
& Brooks, 1993).Richardson (1997) defines constructivism as a learning theory in which
learners come up with their own understanding based on a combination of past and new
experiences. Traditional teaching approaches are mainly about presenting new
information to students and then asking them to practice this information by homework
1

and/or tests. On the other hand, constructivist teaching approaches facilitate learning
through activities and experience. In other words, the goal of constructivism as
described by Brooks and Brooks (1993), is deep understanding of concepts and not
imitation or repetition of information.
Dewey (1916), Piaget (1952), and Vygotsky (1978),proponents of
constructivism, believe that knowledge is obtained when the learner is able to grasp
ideas out of circumstances and activities of meaning to them. They provide a description
of constructivist approaches advocating:


student engagement in collaborative work with peers.



design of activities that are mainly concerned with student interests rather than a
parachuted curriculum.



instruction that mainly deals with profound understanding of complex concepts
instead of transmitting facts and definitions.



role of the teacher as a facilitator who engages in learning along with their
students as opposed to being the sole owner and provider of information.

Theoretical Background
With an increased technology prevalence in classrooms, effective ways for
technology incorporation are significant for enhanced student learning. Teaching with
technology is a rather complex and ill-structured task that requires educators to
constantly develop new ways to integrate technology into lessons (Koehler & Mishra,
2009). The Technological Pedagogical Content Knowledge (TPACK) framework is a
conceptual construct used for technology integration in classrooms. As expressed by
2

Mishra and Koehler (2006), teachers who possess TPACK are capable of applying the
right technology to teach particular content using the suitable pedagogy.

A teacher needs to use several components of knowledge: content, pedagogy, and
technology. These three components of knowledge form the base of Technological
Pedagogical Content Knowledge (TPACK). The TPACK framework builds upon
Shulman's (1986,1987) Pedagogical Content Knowledge (PCK) framework in which he
described that:
Pedagogical Knowledge (PK) is a teacher's knowledge about the methods and
processes of teaching and learning as well as educational goals and values. Pedagogical
knowledge involves understanding how students learn or construct knowledge. Hence,
this form of knowledge requires that an educator know the cognitive, social, and
developmental theories of learning and how to practice them with learners. General
classroom management techniques, lesson planning, and assessment methods are also an
integral part of pedagogical knowledge and a good teacher identifies the behavioral
traits of their target audience and how they should be evaluated.
Content Knowledge (CK), on the other hand, deals with the knowledge of subject
matter such as key concepts, facts, and procedures; it is basically the knowledge of
theories and practices needed to develop such knowledge. Math knowledge, for
instance, includes an understanding of fractions, addition and subtraction, as well as
probability and problem solving. Shulman (1986) argues that historically more attention
was given to a teacher's content knowledge than their pedagogy knowledge; more
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recently, however, there has been a shift towards a teacher's pedagogy knowledge with
emphasis on pedagogical practices, in isolation from content knowledge.
Several approaches to teacher education focused on either content or pedagogy
knowledge. Shulman introduced the idea of pedagogical content knowledge (PCK) as he
believed that the 2 components should be treated in a mutually dependent form.
Pedagogical content knowledge occurs when pedagogy and content knowledge intersect
to form an understanding of how certain aspects of content are adjusted and prepared for
instruction. This is portrayed when a teacher interprets subject matter and finds different
ways to translate it to learners. When an educator transfers subject matter using multiple
ways and skills to deliver it, (PCK) is involved. Pedagogical Content Knowledge is how
to convey subject matter to students in a way that they understand it.
Technology Knowledge (TK), unlike pedagogy and content knowledge, is not
easy to define due to its volatility and ever changing nature. Technology knowledge is
not confined to traditional computer literacy but goes beyond that to cover computer
literacy in a broader sense; mainly in relation to the subject matter to be taught. A
teacher needs to manipulate TK in favor of the conditions to which it's applicable. A
profound mastery of information technology for the purpose of communication,
information processing, and problem solving paves the way to accomplish several tasks.
As content and pedagogy knowledge had been considered in isolation, technology
knowledge was also viewed as a distinct entity from content and pedagogy knowledge
(Mishra & Koehler, 2006). Mishra and Koehler explain that technologies that
incorporate hardware and software such as tablets, computers, educational games and
the internet are taking more prominent roles in education. Using technology, teachers
4

can represent subject matter situations with interactive media simulations. Technology
knowledge involves the ability to adapt to new emerging technologies since technology
is constantly changing.

Technological
Pedagogical
Content
Knowledge
(TPACK)

Technological
Pedagogical
Knowledge (TPK)

Technological
Knowledge (TK)

Technological
Content Knowledge
(TCK)

Content
Knowledge (CK)

Pedagogical
Knowledge (PK)

Pedagogical Content Knowledge
(PCK)

Figure 1: Connections in the Technological Pedagogical Content Knowledge (TPACK) Framework (Mishra
& Koehler, 2011)

The overlapping areas in Figure 1, represent the emergent knowledge
components: Pedagogical Content Knowledge (PCK), Technological Content
5

Knowledge (TCK), Technological Pedagogical Knowledge (TPK); and the part that is at
the intersection of all three areas is the Technological Pedagogical Content Knowledge
(TPACK).
Technological Pedagogical Knowledge (TPK) is described as an understanding
of how teaching can be altered by technology integration (Koehler & Mishra, 2009). A
teacher with TPK has knowledge of the opportunities and obstacles associated with the
use of technology. Technological pedagogical knowledge refers to the knowledge of
how different technologies can be used in teaching, and to the understanding that using
technology may change the way teachers teach. It's the understanding that a variety of
tools (WebQuests, chat rooms, discussion boards, etc.) is available to fulfill particular
tasks, and to the skill to select a tool that is suitable for the task at hand. For instance, the
tool Geometer's Sketchpad used for teaching geometry allows learners to "play" with
shapes and geometrical constructions. Hence, by allowing students to play with forms
and shapes, the nature of learning geometry changes. Similarly, other software tools also
allow teachers to represent subject matter and alter learning for students.
Pedagogical Content Knowledge (PCK) mainly concerns the connections a
teacher makes between instructional strategies and subject matter. Learning is enhanced
when the teacher adjusts pedagogical practices to fit the subject matter being
taught.PCK as described by Shulman (1986) is knowing teaching approaches applicable
to the content to be taught and similarly knowing how the content itself can be organized
for better teaching.
Technological Content Knowledge(TCK) entails knowledge of the way content
and technology are related. New technologies reduced obstacles that used to confine
6

teachers from representing subject matter with ease and flexibility. Teachers are not only
expected to know the subject matter they are supposed to teach, but also they need to
know how using technology can alter the way subject matter is represented (Mishra&
Koehler, 2006).
The interplay among content, pedagogy, and technology knowledge creates
Technological Pedagogical Content Knowledge (TPACK), which is an emergent type of
knowledge that encompasses and goes beyond the mere union of the 3 core knowledge
components. TPACK includes effective teaching using technology while understanding
pedagogical practices that use technology in productive ways as well as the knowledge
of how students understand concepts and what kinds of obstacles they might face when
learning them. Teachers encounter different situations in classrooms and there is no "one
fits all" type of solution that is applicable in every context; it's the teacher's
responsibility to use TPACK, based on the situation with which they are faced. A
teacher's TPACK is critical in understanding how effective s/he can be. Teachers need to
know how technology fits into instruction. For instance, if technology is not
incorporated enough, teachers might miss out on an opportunity to represent information
in a better approach. Whereas heavy reliance on technology could potentially keep
students from learning basic concepts such as using a calculator when students are in the
process of learning basic arithmetic. Grandgenett (2008) stated that teachers with strong
TPACK can provide their students with enhanced learning experiences in mathematics.
He describes teachers with strong TPACK as teachers who:
1. Are open to experimentation with novel technological tools for math instruction
and willing to spontaneously try new technologies.
7

2. Focus on the task or the content being taught. In other words, regardless of
technology presence, the teacher doesn't drift from the idea being discussed;
teachers with strong TPACK are effective at staying focused while taking
advantage of what technology has to offer.
3. Are aware of where students stand conceptually and what is required to attain the
next step and how students should proceed.
4. Make occasional connections with students about the significance of particular
technologies for learning certain topics.
5. Use technology for teaching, assessing student performance, and managing the
classroom.
6. Have Optimism for change in technology and content (mathematics) which are
both dynamic disciplines.
This study adopts Grandgennett's (2008) characteristics of math teachers with strong
TPACK as a guideline to observe teachers in the classroom.

Technology and Instruction
When computers are presented as a separate entity from the classroom, students
perceive them as a totally different subject matter and fail to associate the lessons to be
learned with technology integration. In that case, ideas are left fragmented in the
students' mind and students would treat computers simply as another subject taught in
school, as a requirement for the curriculum. However, if technology is incorporated
within lesson plans in subjects such as mathematics or science, it acts as a tool for
thinking and learning. For a successful integration of technology into classrooms,
8

teachers need to modify their teaching approaches. For instance, they should refrain
from being the sole source of information. Hawkins and Collins (1992) explain that
technology needs to be used as a means that is weaved into a unit of instruction in order
to transform the nature of teaching rather than simply using technology as a supplement
to traditional teaching techniques.
Research conducted on the ways technology is applied to instructional
applications shows that there is a lack of depth, breadth, and variety when it comes to
the application of technology in instruction (Groff &Mouza, 2008). Teachers are still
scratching at the surface and their use of technology is still pedagogically primitive.
Culp, Honey, and Mandinach (2003) point out that there is a discrepancy between the
vision of educational technology leaders about technology integration and the way most
teachers are actually using it. Such a discrepancy is portrayed in the fact that teachers
have not yet realized the full potential of technology and computer technology continues
to be under-used (Mueller, Wood, Willoughby, Ross, & Specht, 2008). Hence the
predominant use of technology can be referred to as an extension device rather than a
transformative tool.

Teacher-centered Approach Vs. Constructivist Approach in
Instruction

A constructivist (student-centered) approach to instruction and a transmission
(teacher-centered) approach are at two opposite ends of a spectrum with quite distinct
characteristics. Beck (2009) describes a traditional view of learning based on a teachercentered approach in which students are closely scripted and obtain their information
9

solely from the teacher by listening, taking notes, and practicing problems that are very
similar in nature. Learners are usually passive receptors of information in a stimulusreaction type of system in which there is a lack of any form of experience or emotion.
Moreover, a teacher-centered teaching practice is characterized by an emphasis on skill
and knowledge transmission from the instructor to learner with the use of a prescribed
curriculum that is mainly concerned with factual knowledge and the direct presentation
of this knowledge and the frequent assignment of practice exercise to retain the facts
presented and testing this knowledge by teacher-prepared tests. Hence, such a
transmission pedagogy stems from the conventional theory of learning where
understanding is based on a prepared direct instruction of subject matter (Becker, 2000).
On the other hand, student activities and tasks that fall under a constructivist
approach look a lot like working in real life authentic situations. Moreover, certain tasks
are even created by students themselves depending on what triggers their interest.
Constructivist teachers involve students in self assessments and peer evaluation.
Educators see themselves as facilitators for students to attain learning instead of being
the sole information provider. Collaborative learning is frequently evident in
constructivist learning environments with a focus on having students inquire and
investigate about tasks beyond the classroom ( Dexter, Anderson, & Becker, 1999).

Purpose and Research Questions
The purpose of the present study is to examine teachers' instructional approaches
when using technology in elementary grade level mathematics and to explore the
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teachers' perceptions of the role of technology in changing teaching approaches. The
study aims to answer the following questions:
1.What are teachers' instructional tools and approaches when they use technology for
teaching?
2. What are mathematics teachers' perceptions of the role of technology in modifying
their teaching approaches?
3. How do math teachers in elementary grade levels show, in the classroom, evidence
of behavior that coincides with the TPACK framework?

11

Chapter Two
Literature Review

Teachers' Pedagogical Practices Using Technology
What are teachers' instructional tools and approaches when they use technology for
teaching?
Instructional technology and its potential to add value to a classroom is a widely
discussed issue. Students today have a different way of thinking and learning from those
of past generations due to the presence of technology (Prensky, 2010). Szeto, Cheng,
and Hong (2016) believe that emerging technologies such as Watsapp and YouTube are
an inseparable part of students' daily lives. To match this paradigm shift, teachers are
required to include technology into teaching in innovative and interactive ways. The
incorporation of technology in instruction encompasses various tools and software
programs. This study focuses on interactive technology and its impact on teaching
practices. Interactivity, as stated by Moreno and Mayer (2007), encourages deep
cognitive processing in learners. In fact, interactive learning environments provide
learners with teaching activities that are responsive in nature. Interactive learning
includes several components such as social media and serious games (applied games).
For example, blogs allow students to express ideas individually while at the same time
share them with others (classmates, teacher). Whereas, educational games can place
learners in virtual worlds; role playing is a feature provided by such games. These
12

digital games are a key form of pedagogy and they support cooperative, problem
solving, and critical thinking skills (Gee, 2003).
Higher order thinking skills are evident in a learner-centered constructivist
approach and students are engaged in the learning process with some control over what
takes place in a classroom such as topics of interest to be studied. Collaboration is also a
key feature of a learner-centered teaching practice (Weimar, 2013). As described by
Reeves (1998), a constructivist learning environment is a place in which students use
information resources and work collaboratively to solve problems. The proper use of
technology can endorse higher cognitive skill development as well as problem solving
skills and decision making. Moersch (1999) agrees that constructivist learning
environments can grow when technology is meticulously integrated within the lessons.
The positive impact of the student-centered constructivist approach has been depicted in
a number of case studies (Baxter & Gray, 2001) however, the integration of technology
in the curriculum as a driving factor towards certain teaching practices is a subject that
needs more exploration.
Honey and Moeller (1990) revealed in their study that among the two groups of
teachers investigated, those teachers who used computers regularly demonstrated
constructivist practices that encompassed hands-on activities, collaboration, and projectbased work; these teachers also expressed that computers facilitated teaching.
Furthermore, a closer look into the Apple Classroom of Tomorrow showed that as
teachers gained experience using computers they were incorporating them more into
lessons as tools that enhance productivity rather than as tools used to teach certain skills
such as typing (Dwyer, Ringstaff, Haymore, &Sandholtz, 1994). On another level, the
13

extent of technology skill that a teacher has is not indicative of whether they will use
technology more than a teacher with less technology skills. Russell, Bebell, O’Dwyer,
and O’Connor (2003) found that novel teachers who had better technology skills than
veteran teachers did not exhibit higher levels of technology incorporation mainly
because new teachers tend to focus more on familiarizing themselves with classroom
management and the curriculum than on technology incorporation.
A study that investigated the relationship between technology use and skills and
the use of constructivist instructional practices among teachers shows that teachers who
have solid technology skills are more likely to adopt a constructivist teaching approach
than teachers who expressed unease using computer technology (Rakes, Fields, & Cox,
2006).This in fact, is portrayed in the findings that imply that teachers who use
computers in the most productive way in grades 4 through 12 are not particularly
content with transmission-oriented teaching practices despite the fact that such a
teaching practice pleases policy makers because of the perceived better results on
standardized tests (Becker, 2000). Teachers who are highly computer-engaged adopt a
philosophy which supports the "meaningfulness" of the content being taught by
connecting it to students' personal experiences and developing student abilities to
comprehend subject matter deeply enough to allow them to apply it in different contexts;
such a teaching practice is actually what Becker (2000) describes as "constructivism".
He argues that the way teachers use computers is indicative of their underlying
pedagogical beliefs; this doesn't mean that computer applications cannot be used in a
transmission-type of teaching. For instance, a teacher could explain how to use a
spreadsheet based on a set of technical skills until students can master such a skill.
14

Using data from a nationally representative survey of 4th-12th grade teachers in the
States, it was found that there is an obvious relationship between teaching philosophy
and whether teachers use computers with students whereby teachers who adopt a
constructivist approach to teaching were correlated with a greater amount of school
related computer use. Moreover, those who assign computer work in class are noticeably
more constructivist than teachers who do not use computers during class. However, in
elementary grade levels teachers who use computers infrequently are no less
constructivist in teaching approaches than those who use computers very frequently, yet
in secondary grade levels teachers who use computers frequently were found to be more
constructivist in teaching approaches than those who don't use computers frequently
(Becker,Ravitz, & Wong 1999). In an ethnographic case study, Somerindyke (2001)
found that technology promoted activities with cognitive abilities and encouraged
student motivation. Findings also suggested that learner-centered practices were higher
with increased computer use. However, computers were found to limit collaboration
among students. In a study that investigated teachers in technology-rich environments,
Shapley, Sheehan, Maloney, and Caranikas-Walker (2010) revealed that these teachers
were more positive about innovative teaching practices than teachers in schools with
conventional levels of technology. Moreover, teachers in technology rich schools
indicated that computer-aided activities encouraged critical thinking and problem
solving in authentic contexts, and expressed a significantly higher rate of association
with learner-centered practices in instruction such as promotion of experiential learning
and establishing individual learning goals in students.
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The teaching software, Math and More, which is compatible with the National
Council of Teachers of Mathematics (NCTM) was used in a study for the purpose of
finding out whether access to technology encouraged or hindered math reform towards
constructivism. This software is designed in a manner that allows students to interact
with it as active learners; it provides meaningful problems and promotes collaboration
among peers and presents several resources. The study revealed that technology did not
have a tremendous impact on mathematics reform (Ross, Gray, McDougall, & Bruce,
2002). As a matter of fact, teachers adjusted technology to suit their teaching needs but
technology itself was not a driving factor towards constructivism. In other words, the
presence of technology did not challenge existing teaching practices.
Based on the previous research, technology does not necessarily promote
constructivism. Although the use of interactive technology has been associated with
collaboration among students and higher order cognitive skills, some teachers can still
use technology in a transmission-style teaching practice. Hence, the presence of
technology does not render a classroom as a learner-centered constructivist one if the
teacher does not take on the mission to do so. Teachers can simply use technology such
as PowerPoint to lecture students.

The TPACK Framework and Instructional Approaches

How do math teachers in elementary grade levels show, in the classroom, evidence of
behavior that coincides with the TPACK framework?

16

The TPACK conceptual framework describes the dynamic interaction between
technology, pedagogy, and content and the “complex, multifaceted and situated nature
of teacher knowledge” (Koehler & Mishra, 2010), but few have thought about ways to
operationalize the framework to address the use of technology in teaching and learning.
Providing instructors with a systematic process for evaluating their progress towards the
development of TPACK is essential. Studies of the TPACK profiles of instructors
involved in professional development that included an integrated focus on pedagogy,
content, and technology versus simply technology training impacts the way training is
developed for instructors involved in learning for 21st century students.
A study was conducted by Wetzel and Marshall (2011) to understand the use of
the TPACK framework from the teaching experience of a sixth grade teacher and her
students. It reports on the work of one teacher, Ms. Marshall, and her students’ learning
about the Renaissance, told through the lens of the TPACK framework. The pedagogy
was project-based learning guided by essential questions, using a writer’s workshop
approach to teach language arts skills of prewriting, writing, revising, and editing.
The findings show that Ms. Marshall developed special expertise in the management of
students and the technologies. She used technological pedagogical knowledge to direct
student use of technology in ways that allowed the class to run smoothly without losing
time to technology related distractions. The focus remained on learning the content area
outcomes. Teachers must interweave technology with content in ways that help students
meet objectives and perform well on standardized tests. Under these circumstance
teachers may be reluctant to use an approach involving technology for several reasons
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such as losing time on a particular task. Hence, the technology may not fit the
pedagogical needs of the teacher.
In this classroom, the routines were clear and appropriate, and technologies appeared to
be a smooth operation in the classroom with maximization of time on task. Clearly
articulated classroom management strategies for students' use of technology are
consistent with effective environments for learning, such as establishing rules and
routines for smooth running classrooms (Bolick& Cooper 2006; Lim, Pek, &Chai 2005).
These classroom management strategies may serve as illustrative examples for beginner
and experienced teachers who are developing technological pedagogical knowledge.
The teacher’s approach was consistent with other research; for example, Burns (2002)
found that teachers who were not experts, but were comfortable with technology did
better at integrating technology in the classroom than teachers with more technology
expertise. Furthermore, if they introduced the technology to students, and did not teach
the program step by step to students, but rather let students figure it out and struggle
with it, students were more successful. It may seem reasonable to assume that the
teacher needs a high level of technical knowledge and follow a step-by-step approach to
teach students, however, Ms. Marshall did not apply that strategy and it appears that a
student-centered problem solving approach and “just jumping in” worked better.
Thus, although technology played an important role in the Renaissance Project, the
TPACK framework suggests the critical nature of the interweaving of the components
rather than an emphasis solely on individual components. This interplay appears to be
consistent with Mishra’s dynamic transactional negotiation (Cox, 2008). The dynamic
interaction that Mishra and Koehler (2006) speak of when referring to the developing
18

knowledge in teachers, as they strive to use technology for teaching and learning:
“thoughtful pedagogical uses of technology require the development of a complex,
situated form of knowledge” (p. 1017). In this project, technology, pedagogy, and
content are not separate elements in isolation, but are coordinated in a dynamic two-way
(or multiway) interplay.
In the study, Teaching With Technology: Using TPACK To Understand
Teaching Expertise In Online Higher Education, Kushner-Benson and Ward (2013)
revealed that even with high levels of knowledge in the three circle areas, the
development of knowledge overlap depends on many factors and is a different process
for each instructor. Instructors in higher education are typically looking at their
technology integration in terms of: (a) whether or not they use technology; (b) how
much technology they use; and (c) how compliant they are to the required use of data
systems. Discussion about the use of technology rarely includes pedagogical or content
considerations. They concluded that the development of reflection and understanding of
one’s personal TPACK profile may provide insight into professional development needs
and a more systematic way to look at one’s knowledge in these areas.
High technological knowledge alone is insufficient for TPACK development.
Large circles of technology knowledge do not necessarily translate into the overlapping
knowledge needed for the development of TPACK. In fact, teachers with the smallest
technology knowledge circle actually showed the greatest TPACK development, due in
part to their ability to discuss technological pedagogical decisions in an intentional way.
Pedagogy knowledge continues to stand out as core to the development of TPACK, and
as even more important than a high level of non-situated technology knowledge.
19

Referring to blogger Firke’s (2011) comment about the “second category” of
technology use, TPK moves instructors to a different level of integration that involves
students more in the learning process, and demonstrates an explicit process for the
selection of certain pedagogies and technologies to support specific content.
Effective professional development should be based on knowledge integration.
Professional development centered on isolated technology skills has been prevalent.
Kushner-Benson and Ward (2013) found that high levels of technology knowledge did
not ensure TPACK. In fact, the ability to use a variety of technologies did not
necessarily result in the effective use of technology to impact teaching. Technology
skills learned in isolation may even have an adverse impact on an instructor’s ability to
see the complex application of that technology in a pedagogically and contextually
sound manner.
Harris et al. (2010) reviewed the literature on teacher planning and the use of
digital technology and concluded that effective planning was primarily organized by
learning activities and content goals. Consistent with the framework that emphasized the
interaction of content, pedagogy, and technology knowledge, they recommended
beginning with learning goals and activities in a content area and then selecting and
using digital tools and other resources to help teacher and students meet the learning
goals.
Mishra, Koehler, and Kereluik (2009) made a similar point when they said that
one reason new technologies have failed to transform education is because “most
innovations have focused inordinately on the technology rather than more fundamental
issues of how to approach teaching subject matter with these technologies."
20

The teacher education community would benefit from more studies on optimal
approaches to teaching students technology skills within academic content and learning
environments. Wetzel and Marshall’s study was a qualitative study of one teacher and
her classroom. In that sense, the findings are not generalizable and the study may serve
as an instance in which the TPACK framework provided a lens for observing a
classroom and analyzing the findings.
The challenge for future research is to study and report the behaviors of teachers
who show evidence that fits the TPACK framework in elementary classrooms, and then
to study the utility of such cases as resources for teacher pre-service and in-service
programs.
Despite its potential as a useful organizational device for teachers, the TPACK
framework has yet to be commonly applied in language that describes K–12 classrooms.
Do teachers show evidence of behaviors that fit the framework, and if so, what are they?
Ms. Marshall’s class was a particularly appropriate study because she was an
experienced teacher selected by her school to pilot a classroom with one computer for
each student, along with many other technologies.
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Chapter Three
Methodology
This study adopted a qualitative exploratory design to examine how teachers are
making use of technology and how technology is affecting their teaching practices.
More specifically, the purpose was to better understand how technology integration into
classroom settings might shape a teacher's instructional practices while teaching
mathematics. To address the posed research questions, several data collection methods
were used:

1) A survey by which all the participant schools' teachers were asked about the type
of technologies they use and their function, as well as the way they think the use
of technology modifies their teaching approaches.

2) A teacher interview that asked six selected grade-4 math teachers about how, in
their perception, technology plays a role in their teaching practices.

3) Classroom observation 1 conducted over the course of one mathematics
instructional unit in each of the participating schools to examine to which extent
the teacher behavior fits the TPACK framework. Observation 1 used a rubric that
identifies descriptors of teachers’ behaviors that coincide with teachers who are
TPACK proficient (Grandgenett, 2008).
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4) Classroom observation 2 which used a rubric to detect to which extent the
teaching practices adopted by teachers are constructivist and student-centered,
when technology is used. Observation 2 was scheduled over one mathematics
instructional unit in Grade- 4 classes in each of the three participating schools.

Context and Participants

This study was conducted in three publicly funded schools (to be coded as: A, B,
C) in the Greater Toronto Area (GTA) in the province of Ontario, Canada. A purposive
convenience sampling procedure was adopted due to accessibility factors. The three
schools under study were English-language public schools. Teachers of public schools
in Ontario are required to be certified by the Ontario College of Teachers where they
pay an annual membership fee to maintain their certification and membership. As part of
the certification, teachers must have:
 obtained a 3-year post-secondary degree from an acceptable post-secondary
institution and,
 successfully completed a 4-semester teacher education program

For the purpose of this study, six Grade-4 Mathematics teachers in the participating
schools were interviewed and observed while teaching a mathematics unit. Also,
teachers from all elementary grade levels from Schools A, B, and C were asked to
participate in a survey which aimed to uncover their perceptions of the role of
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technology in their teaching practices. For privacy purposes fake names of teachers were
used.

Students in Grade-4 are 9 to10 years of age; those with disabilities are placed in regular
classrooms and may get an Educational Assistant (EA) depending on the severity of the
disability. The Ministry of Education has set guidelines for the number of students in
classes in Ontario. The number of students varies with grade level whereby the average
number of students should be 25 and less in elementary classes and 22 or less in
secondary classes. However, as of 2004, the government has set a firm cap number of
maximum 20 students for classes up to Grade 3.All the schools under study are managed
by the District School Board and follow the Ontario Curriculum. School boards in
Ontario are responsible for developing local education policy, deciding how to spend
received funds (purchasing supplies, maintaining buildings,...), deciding in what areas
new schools are needed, and setting an annual balanced budget for the school board. The
four publicly funded school systems that Ontario operates are: English-language Public,
English-language Catholic, French-language Public, and French-language Catholic
(//www.edu.gov.on.ca/eng/).

In Ontario, provincial standardized tests are performed in Grades 3,6,9,and 10,
which are overseen by the Education Quality and Accountability Office (EQAO). The
EQAO is an independent government body that develops and administers the
standardized tests in reading, writing, and mathematics; it also reports test results to the
Ministry of Education (Ontario) and provides recommendations to improve test scores.
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As for the educational ladder, it is divided into three levels: Preschool (which
includes Junior Kindergarten and Senior Kindergarten and where students are admitted
at age 4 and 5 respectively), Elementary (Grades 1-8, age: 6-14), and Secondary (Grades
9-12, age: 14-18 also referred to as High School). Roughly all Ontario public and private
schools implement the Ontario Curriculum (http://www.edu.gov.on.ca/eng/curriculum/).
According to the Ontario Curriculum of Mathematics (2005), society needs individuals
who can think critically about complex topics, adjust to new situations, and solve
problems. The study of mathematics "aims to challenge all students by including
expectations that require them to use higher-order thinking skills and to make
connections between related mathematical concepts and between mathematics, other

disciplines, and the real world."It provides students with knowledge, skills, and ways of
thinking that are necessary for successful integration in society; students need classroom
experiences that facilitate the development of their mathematical understanding and
create positive attitudes towards mathematics.
The Ontario curriculum identifies the advantages that current technologies can
present to the learning of mathematics. Therefore, it incorporates the use of appropriate
technologies, while acknowledging the importance of students’ mastering of arithmetic
skills. General and specific expectations in mathematics are categorized into five strands
(Number Sense and Numeration, Measurement, Geometry and Spatial Sense, Patterning
and Algebra, and Data Management and Probability), which are the five major areas of
knowledge and skills in the mathematics curriculum. The program in all elementary
grades is devised in a way to make sure that students build a solid basis in mathematics
by applying mathematical concepts in different situations. Consequently, teachers will
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try to incorporate theories from the five strands and apply mathematics to authentic
situations (Ontario Curriculum of Mathematics, 2005)

Procedures and Instrumentation
This study used several methods of instrumentation and data collection to answer
the research questions. The combination of the methods used helped in the triangulation
to facilitate the validation of the data by cross-verification from two or more sources.
The use of several instruments for this study eliminated some bias that might otherwise
be an issue if a single method of data collection were used. Table 1 shows a mapping of
the methods of data collection against the research questions.
Teacher Survey
All elementary grades1 to 8 teachers of the participating schools (a total of 90
teachers) were invited to take a survey (Appendix A) that will be emailed to them. The
survey is comprised of several components: types of technological tools used, the
function of tools used, and the setting in which they are used. The survey also asks
teachers about their instructional practices and their perceptions of the role of
technology in modifying those teaching practices.

Interview
Two grade-4 mathematics teachers from each of the participating schools (a total
of 6) were asked to take part in a semi-structured interview (Appendix B). Based on a
pre-set schedule with every teacher, the interview was conducted in the time period
following a math session and lasted between 25-30 minutes. The interview questions
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included several sections and mainly asked about teachers' view of technology's role in
their teaching practices as well as the types of technological tools specific to
mathematics that they use in their classrooms and the context in which they use them.
Classroom Observation 1
Over the period of one instructional unit, non-participant classroom observations
were conducted in Grade-4 mathematics classes in Schools A, B, and C to examine
teachers' behaviors based on the TPACK framework. This observation took place with
the same teachers who were part of Observation 1 but on a different time allocation to
avoid confusion. The observations were guided by a rubric (Appendix D) based on
Grandgennett's (2008) six characteristics of math teachers with strong TPACK.
Classroom Observation 2

Over the period of one instructional unit (other than the one used in observation
1), non-participant classroom observations were conducted in Grade-4 mathematics
classes in Schools A, B, and C to examine teachers' instructional practices when using
technology. The observations were guided by a rubric (Appendix C) that includes key
features of constructivist learner-centered versus transmission non-learner-centered
teaching practices. The observer checks the behaviors of teachers and students based on
a 5-minute interval throughout the session for the presence of particular features. Since
teaching practices can be identified as learner-centered and non-learner centered, those
teachers who exhibit more learner-centered practices than non-learner-centered practices
can be classified as teachers with learner-centered practices (McCombs &Whisler,
1997).
27

Table 1
Data Collection Instruments Mapped Against Research Questions

Survey
(All teachers,
grades1-8)
Research question 1
What are teachers' instructional tools
and approaches when they use
technology for teaching?
Research question 2
What are mathematics teachers'
perceptions of the role of technology
in modifying their teaching
approaches?

Interview
(Grade 4
teachers)

Observation 1
(Math unit,
Grade 4)

Observation 2
(Math unit,
Grade 4)

X

X

X

X

Research question 3
How do Math teachers in elementary
grade levels show, in the classroom,
evidence of behavior that coincides
with the TPACK framework?

X

Data Analysis
Several methods of analysis were used for this study. The qualitative data
generated from classroom observations and interviews was analyzed using content
analysis. The teacher interviews were organized in categories based on their relevance to
the research questions and interpreted based on the responses collected from teachers
during the interview and what was inferred or implied from their responses. The
obtained data from the classroom observation rubrics was described as to what occurred
during the observation. They were also organized in categories based on their relevance
to the research questions. As for the data generated from the survey, it was analyzed
using Excel.
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Chapter Four
Findings
This chapter presents the analysis of the data obtained from each instrument,
according to criteria related to the research questions. The main components of the
chapter are listed below:
A. Description of Observation 1
B. Description of Observation 2
C. Description of the Interview
D. Description of the Survey
E. Connections among the participant teachers
F. Summary of Findings

A. Observation 1: Description of TPACK Characteristics of Grade 4
Math Teachers
This section describes the observed TPACK characteristics of six Grade-4 math
teachers, based on Grangenett's (2008) characteristics of math teachers with strong
TPACK. It discusses the characteristics demonstrated by each of the 6 observed teachers
over the period of three sessions. During the observations, characteristics that are
indicative of strong TPACK were recorded every five minutes using an observation
protocol (Appendix C). Based on the number of incidences throughout a 60-minute
session, it was determined whether the behavior is frequent, less frequent, or non29

existent. The level of frequency of each behavior is indicated first, followed by an
explanation.

Ms. Kelly's Class
Ms. Kelly demonstrated high levels of technological knowledge (TK) portrayed
in her comfort with handling technological tools consistently throughout the observed
sessions, using commonly known websites (mathblaster, ixl, prodigy) and hardware
devices including laptops, a projector, and the Smartboard aimed at providing abundant
resources for each lesson. Flipping through windows on the Smartboard was a rather
simple task done seamlessly by the teacher with no detectable glitches. However, the
teacher did not try, during any of the observed sessions, any new tools that were not
used before. Therefore, she used the same websites she usually uses, mentioning that
they are quite resourceful with many relevant activities for the students.
Moreover, Ms. Kelly was not distracted during the sessions by any technological
tools, except for some technical problems such as when the eraser on the Smartboard
was not working, a problem that took less than a couple of minutes to resolve. In other
words, technology did not result in wasting time of the session.
The teacher also exhibited high levels of pedagogical knowledge (PK). She was
able to keep students alert, engaged, and motivated throughout the sessions. Not only
did the technology not pose any noteworthy distractions, but neither did other factors;
the teacher was able to re-focus students' attention using techniques such as, for
example, placing a baton on the desk of a student who appeared to be distracted with an
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irrelevant matter like playing with a pen, signaling to him that he needed to listen to his
classmate. The student directly resumed listening while the class moved at its regular
pace. No negative remarks such as "Do Not Speak" were observed. The teacher almost
always exhibited behavior showing that she knows her students' capabilities and builds
upon what they know. She is very friendly with them, warm, and humorous; she's
capable of making her students laugh and feel at ease, which is reflected by the way her
students enjoy the class. As for content knowledge (CK), it was clear that the teacher
was consistently knowledgeable of the mathematical concepts and formulas and showed
evidence of knowing the properties.
When technological pedagogical knowledge (TPK) was involved, Ms. Kelly
clearly took advantage of computer-based virtual manipulatives (arrays and colored
shapes) to help students better visualize and dissect a word problem. There were a few
instances where the teacher demonstrated how to use certain icons pertaining to the tool
at hand, such as the way to grab and drag a shape on the Smartboard, but very rarely did
she explicitly point out to what she was doing or how the tool works. She didn't either
highlight the significance of a certain technological tool and why it would be more
useful over some other tool like a website or a mathematical game. Ms. Kelly benefits
from activities provided by each lesson with several exercises and mathematical games.
Technology by itself was not the highlight of the sessions; it was rather a means to an
end. The topic or the lesson at hand was the focal point and the use of technology
supported the class in understanding concepts.
With respect to technological content knowledge (TCK), Ms. Kelly was seen
managing the content quite effectively using the technological tools such as
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demonstrating word problems on the Smartboard as well as using the features of the
Smartboard for the relevant topic, in other words she used the most appropriate tool that
best helped students understand how to solve a certain problem.
Similarly with pedagogical content knowledge (PCK), students were guided
with multiple examples and a step-by-step approach and students were asked to share
how they analyzed the word problem. She also knew when her students did not grasp an
idea being discussed ("Does that make sense or are you thinking what in the world is
that?! Cause I know this term might make you wanna say huh?"). In other words, she
demonstrated behavior of a teacher who knew exactly how to handle cases in which
students did not entirely understand.
Ms. Beatrice's Class
Ms. Beatrice showed evidence of technological knowledge (TK) seen in her
confidence using technological tools such as the Smartboard, clickers, and laptops and
moving from a website (Nelson and ixl) to another with spontaneity and ease.
Technology use did not take away from class time; it didn't require any additional
attention nor did it cause disruptions. Ms. Beatrice was highly comfortable with
technological tools and showed that she's willing to try new tools; she also made use of
the interactivity feature provided by technology.
Ms. Beatrice's pedagogical knowledge (PK) was also clearly visible, as no other
forms of distractions (non-technology related) occurred throughout the observed
sessions, despite an episode by an autistic student. Students and teacher remained
focused while an education assistant specifically placed for that student attended to the
student with autism. Throughout the observed sessions, it was noticed that the teacher
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had tasks planned and prepared for her students and was rather aware of their conceptual
abilities with occasional modification of teaching strategies to address knowledge gaps.
The teacher appeared welcoming to her students' frequent interventions and comments
throughout all the sessions with attention to time constraints.
Ms. Beatrice's content knowledge (CK) was reflected in her mathematical
concept knowledge. She was well aware of the material that she was covering in class
such as key concepts and mathematical procedures.
As for technological pedagogical knowledge (TPK), it was seen in Ms.
Beatrice's ability to benefit from features of technology and even prepared a new game
during one of the sessions which made her students very adamant to solve the problems
to win a contest. However, Ms. Beatrice didn't give much attention to explaining how a
certain tool is helpful in helping students learn a concept. Only one instance of how the
mathematical game works was visible. Using the website (Nelson) she showed her
students the relevant exercises for the lesson they are currently working on. The students
were also allowed to pick the task from a list of seven other relevant tasks.
Regarding technological content knowledge (TCK), this teacher also used the
appropriate tools, such as ixl website and the Smartboard to enhance her students'
learning experience. Throughout the observed sessions, Ms. Beatrice exhibited behavior
of high pedagogical content knowledge (PCK) adapting her strategies often to cater to
all students and using several approaches to convey an idea.
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Ms. Rachel's Class
Throughout the three observed sessions, Ms. Rachel demonstrated elevated
levels of technological knowledge (TK) and confidence in using technology including
laptops, websites, and the Smartboard mostly and an inclination to use technology for
most of the math lesson. Content knowledge (CK) was also obvious as Ms. Rachel
shared facts and mathematical concepts (take-aways) with her students
Regarding pedagogical knowledge (PK), evidence of preparation of tasks was
frequently visible throughout the observations, in addition to that, the teacher was aware
of what concepts her students already know such as properties involving multiplication.
Ms. Rachel moved forward in the lesson after she established that her students can
explain a topic in different ways to her and their peers. The classroom was generally
well-managed with minimal distraction caused by non-technology related factors, for
instance the return of a student which took a few seconds to welcome the classmate. The
teacher seemed affectionate and caring about her students, she showed frequent
willingness to listen to students' thoughts and questions with positive remarks like "good
job" and "fantastic thinking".
The teacher's technological pedagogical knowledge (TPK) was observed as Ms.
Rachel used "Quick Images" for the first time supported by the interactive whiteboard to
add a sense of enthusiasm and expose her students' thinking and sharing of responses.
Technological tools did not create any form of distraction with skillful handling by the
teacher who made sure that all the required material was prepared ahead. Students'
understanding of mathematical concepts was obviously enhanced by technological
features through which Ms. Rachel explained multiples and asked students to draw
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multiples of specified numbers. Even though indirect clarification of the way a tool
works was detected, the teacher did not directly explain the significance of a certain
technological tool in helping learn a particular concept.
Ms. Rachel also made use of the administrative abilities of technology as a guide
to where students might have gaps in understanding (for instance, some students
couldn't identify that 21 is 7x3 and 3x7 at the same time). The teacher modified her
strategy several times throughout each session to make sure students are able to
demonstrate that they understood. The tools offered by the Smartboard were highly
suitable and relevant for the topics discussed with features of colored moving objects
indicating high technological content knowledge (TCK) demonstrated by Ms. Rachel.
In other words, throughout the observed sessions, the teacher benefited from particular
features of certain websites as well as the Smartboard to convey the message in a vivid
way that allowed her students to interact and show their thinking throughout the process.
Her pedagogical content knowledge (PCK) was also noted when subject matter
was conveyed in a strategically sound manner addressing student understanding gaps
and making sure that a students have deeply comprehended the idea being discussed by
asking students to rephrase an idea using keywords.
Ms. Sylvie's Class
Comfort levels of dealing with technology tools varied in Ms. Sylvie's case and
so did the levels of her technological knowledge (TK). In the first observed session she
seemed more confident handling the laptop and projector with slightly frequent
alternation from one website to a different website (ixl to Nelson) especially when she
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announced that a new mathematical game would be implemented. However, later on
,during the other observations, her discomfort and frustration were visible with less
frequent occurrences of confidence while handling technological tools.
Ms. Sylvie's pedagogical knowledge (PK) was clearly high and was reflected in
her preparation and awareness of her students' conceptual abilities. Ms. Sylvie
demonstrated very frequent instances of modifying strategy when a student was not able
to grasp a particular concept, or move on to the next step effortlessly. She showed
frequent evidence of encouraging students to do mathematics like mathematicians do
and to ask questions and share thoughts. Similarly for content knowledge (CK), the
teacher exhibited elevated levels of content knowledge with skillful manipulation of key
mathematical concepts.
Ms. Sylvie's technological pedagogical knowledge was not up to par; even
though no major distractions were exhibited as a result of technology, Ms. Sylvie
essentially did not benefit from features offered by technology to enhance understanding
mathematical concepts like fractions or comparing fractions with different
denominators. The teacher hardly varied technological tools and did not use the
available interactive whiteboard and instead used the laptop and projector. Teacher
explanation of the way to use a particular technological tool is not worthy of mentioning
since it rarely occurred (1-2 times) during the three observations; this also applies to
explaining why a tool is important in understanding. Ms. Sylvie also did not model
decisions assisted by technology.
Ms. Sylvie's technological content knowledge (TCK) also fell short when she
failed to establish meaningful connections between content and technology; she mainly
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used the projector to display problems instead of making use of features provided by the
interactive whiteboard to show students different possibilities or different ways to arrive
at a solution.
As for pedagogical content knowledge (PCK), Ms. Sylvie showed her ability to
address her students' knowledge gaps with a clear attention on her behalf to her students'
cognitive abilities.
Ms. Heather's Class
When it comes to confidence using technological tools, Ms. Heather did not fall
short. Her technological knowledge (TK) was exceptionally high. There were multiple
instances of spontaneous changes between tools ( moving from laptop to projector
camera for example) without losing time while using relevant educational websites.
Unlike other teachers, she did not linger onto one particular website but alternated two
or more websites with relevant ideas in one session. Moreover, the teacher used a new
mathematical game (Number Bracelet Game) indicating that she introduces a new game
once a week. There was no incidence of wasted time due to technological tools or their
use.
Unlike her technological knowledge, Ms. Heather's pedagogical knowledge (PK)
showed some shortcomings. Distractions (non-technology related) were frequently
visible throughout the observations where the teacher spent considerable time with
comments addressed to a misbehaving student. In certain instances, the classroom
seemed somewhat lacking control (side talks, giggling and chatting) with the teacher
snapping fingers to regain attention. In the first session, Ms. Heather showed frequent
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evidence of having tasks planned and prepared but later she seemed like she was
following a script (reading from her notebook what to do or say next). This was the main
contributor to losing focus and not maintaining eye contact with her students. The
teacher actually gave the students the chance to engage in side discussions or "take a
break" when she took a few seconds to recollect what to do next. Ms. Heather
demonstrated knowledge of her students' abilities in a few occasions but there were
signs of confused faces from the students at other times. When Ms. Heather's students
appeared confused about a certain idea, she rarely tried to modify her teaching approach,
she actually re-explained in the same way without resorting to other approaches.
Students were encouraged to do mathematics like mathematicians, and the teacher
modeled decisions using technology. As for students' interventions, they are encouraged
only at specified times and not during explanation time; Ms. Heather preferred to finish
working on an idea before she asked who had any questions. Similar to the other
observed teachers,
Ms. Heather's content knowledge (CK) was obvious as she was able to clearly
communicate mathematical facts and procedures.
From a technological pedagogical knowledge (TPK) standpoint, Ms. Heather
did in fact benefit from special features provided by technology, particularly the
Smartboard to enhance understanding such as using colored blocks for multiplication.
However, she rarely mentioned the importance of certain tools. In other words,
technology use was subtle or indirect without attention to how it functions or to its
significance. The teacher's technological content knowledge (TCK) was exhibited in the

38

use of the right technology at the right time for the right topic. The features used were
suitable for the content being discussed.

Ms. Naomi's Class
Ms. Naomi's technological knowledge (TK) was not remarkable; she lacked
confidence using technological tools and she did not seem fond of it. She mainly used
no more than two specified websites and she didn't invest any time in new tools or web
games. It was also noticed that the teacher compelled herself to use the interactive
whiteboard. Using the same tool as a resource for a session, Ms. Naomi never made any
adjustment to a more relevant tool. However, distractions resulting from technology use
were negligible, except for one incidence of a flaw in the projector which in turn
delayed the classroom progress. Besides technological issues, the class was well
rounded with no occurrence of other forms of distractions. Hence, it's obvious that Ms.
Naomi could have made better use of technological features to enhance students'
understanding of mathematical concepts.
Her pedagogical knowledge (PK), on the other hand, was frequently evident by
her awareness of her students' capabilities and where they stand conceptually, with tasks
always prepared ahead. She was also very creative with the planned activities which
were seen in all three observed sessions. She also encouraged her student to do
mathematics the way mathematicians do it. Generally, Ms. Naomi exhibited a friendly
face with very frequent opportunities for students to ask questions and share their ideas.
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As a veteran mathematics teacher, Ms. Naomi's content knowledge (CK) was
undoubtedly excellent with obvious knowledge of key concepts and facts necessary for a
mathematics teacher.
When it comes to technological pedagogical knowledge (TPK), the teacher
didn't fare well, due to the lack of explanation of how a certain tool works or why it's
being used; she hardly mentioned what she was doing when she's surfing the internet to
access the designated website. Furthermore, the interactive whiteboard was not used to
its potential; it was mainly a display tool rather than an interactive one from which
students could have benefited. Moreover, authentic mathematical problems could have
been achieved using multiple features provided by the interactive whiteboard instead of
choosing non-technological means that call for time-consuming preparation and physical
manipulatives to carry out.
Even though Ms. Naomi did use a couple of websites such as Nelson for her
explanation, her technological content knowledge (TCK) is not at its best.
Technologically speaking, she limited the content to being simply displayed on her
laptop without the possibility of further idea sharing using interactivity elements (instead
of bringing actual coins and bills, students could have seen them and handled them using
features of the interactive whiteboard and mathematical games). However, this does not
apply to Ms. Naomi's pedagogical content knowledge (PCK), which was exceptional
compared to the other observed teachers. The extent of the teacher's expertise was
evident in handling a topic (such as currency and different types of Canadian notes) in
word problems using simulated settings to provide an authentic learning experience. The
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classroom was well-managed throughout the entire session with focus on the content
being taught.
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Table 2
Global Analysis of Teachers' TPACK Indicators as Observed

Teacher

Kelly

Beatrice

Rachel

Sylvie

Heather

Naomi

Comfortable
using technology

Confident using
technology

Comfortable using
technology

Discomfort and
frustration using
technology

Very comfortable
using technology

Did not seem fond of using
technology

Use of several
websites and the
IWB

Use of
websites,
laptop, and
IWB

Use of websites,
laptop, and IWB

Use of laptop,
projector, and
websites

Use of multiple
websites, IWB, laptop,
projector

Limited use of technological tools

No use of a new
technological tool

Use of a new
technological
tool

Use of a new
technological tool

No use of a new
technological tool

Use of a new
technological tool

No use of a new technological tool

Characteristics

TK

No
technologyrelated
distractions.

PK

Students are alert
and motivated

No
technology
-related
distractions
.

Insignificant
technologyrelated
distractions.

No technologyrelated
distractions.

Students are alert
and motivated

No technologyrelated
distractions.

Students frequently
lose focus
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Insignificant technology-related
disruptions.

Aware of student
capabilities

Aware of
student
capabilities

Aware of student
capabilities

Aware of student
capabilities and
conceptual abilities

Students exhibit
confusion occasionally

Aware of student capabilities

Tasks are planned
and prepared

Tasks are
planned and
prepared

Tasks are planned
and prepared

Tasks are planned
and prepared

Tasks are NOT
planned and prepared

Tasks are planned and prepared

No nontechnologyrelated
distractions

No nontechnologyrelated
distractions

No nontechnology-related
distractions

No non-technologyrelated distractions

Frequent nontechnology-related
distractions

No non-technology-related
distractions

Welcoming to
student
interventions

Welcoming to
student
interventions

Welcoming to
student
interventions

Welcoming to
student interventions

Student intervention is
not encouraged

Welcoming to student interventions

Well-managed
classroom
Knowledgeable of
math concepts and
procedures
CK

Knowledgeable
of math
concepts and
procedures

Knowledgeable of
math concepts and
procedures

Well-managed classroom

Knowledgeable of
math concepts and
procedures

Knowledgeable of
math concepts and
procedures

Knowledgeable of math concepts
and procedures

Teacher benefited
from technological

Teacher did not benefit from
technological features

Skilful manipulation
of key concepts
TPK

Teacher benefited
from
technological

Teacher
benefited from
technological

Teacher benefited
from technological

Teacher did not
benefit from
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features

features

features

technological features

features

Teacher did not use
the available IWB

TCK

PCK

Teacher did not use the IWB to its
potential

Slight explanation
of the way certain
technological
tools work

Did not mention
significance of
the
technological
tools used or
the way they
work

Did not mention
significance of the
technological tools
used or the way
they work

Did not mention
significance of the
technological tools
used or the way they
work

Did not mention
significance of the
technological tools
used or the way they
work

Did not mention significance of the
technological tools used or the way
they work

Teacher used the
appropriate tool
for the right
content

Teacher used
the appropriate
tool for the
right content

Teacher used the
appropriate tool for
the right content

No meaningful
connections between
content and
technology

Teacher used the
appropriate tool for the
right content

Limited technology use for display
of content.

Frequent guidance
and ability to
modify teaching
strategies.

Frequent
guidance and
ability to
modify teaching
strategies.

Frequent guidance
and ability to
modify teaching
strategies.

Frequent guidance
and ability to modify
teaching strategies.

Lack of modification
of teaching strategies

Frequent guidance and ability to
modify teaching strategies.

Addressed
students'
understanding gaps

Addressed students'
understanding gaps

Lack of attention to
students'
understanding gaps

Addressed students' understanding
gaps

Provided authentic learning
experiences
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Table 2 presents the global analysis of the observed teachers' TPACK based on
Grangenett's (2008) characteristics.
Technological Knowledge (TK)
In general, all teachers demonstrated confidence dealing with technology tools
except, for Ms. Naomi whose use of technology was limited compared to the other five
teachers. Ms. Sylvie and Ms. Naomi were the least comfortable using technology as
opposed to Ms. Heather who was the most comfortable among teachers to use
technological tools. Nevertheless, all teachers used commonly known tools relevant to
topic at hand such as specific websites including Nelson, ixl, and MathBlaster that were
common among grade-4 teachers as well as certain mediums for mathematical games
such as Math Frog and Prodigy. Most teachers used the Smartboard's dynamic features
for teaching purposes, except for Ms. Sylvie and Ms. Naomi who used it for display
purposes mainly.
In a dynamic subject, such as mathematics, it was expected, based on
Grandgennett's characteristics, that teachers would invest more in using technology to
incorporate new technological tools. The observation results show otherwise. Using new
technological tools was limited even for those teachers who actually implemented new
technological tools, such as Ms. Beatrice and Ms. Rachel. On the other hand, Ms.
Heather was more determined in using new technological tools more often. Most
teachers failed to incorporate a totally new tool except in rare instances. Some teachers
like Ms. Kelly and Beatrice were able to spontaneously shift from one tool to another
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seamlessly while others, like Ms. Sylvie and Ms. Naomi, chose to stick to one tool
throughout the entire session.
Forms of distraction as a result of technology use were rarely visible in any of
the classes except for minor issues in the classes of Ms. Kelly and Ms. Naomi.
Pedagogical Knowledge
Forms of non-technology-related distractions were frequently seen in Ms.
Heather's class, especially and slightly in Ms. Rachel's class with no incidence in any of
the other teachers' classes. Students seemed alert and motivated in most classes, but in
Ms. Heather's class students appeared to lose focus frequently. Teachers also exhibited
awareness of their students' capabilities in most classes. Most teachers know exactly
where their students stand conceptually and they would not bombard students with new
concepts that are too difficult or complicated for their age (for instance, teachers would
not introduce the unknown x when trying to show students how to solve a problem).
Throughout the observations, three of the six teachers showed to have come to class
prepared, which is the case with Ms. Naomi evidently, as well as Ms. Sylvie and Ms.
Rachel, whereas Ms. Heather was not as prepared when compared to the rest of the
teachers since she seemed disconnected in certain cases or unprepared. With the
exception of Ms. Heather, teachers had their tasks planned and prepared ahead; once the
teacher came to class, the students can see the points that they will cover as in what's
planned for them each day. Even though Ms. Heather had a list of prepared tasks, she
did not communicate that with her students; she constantly referred to her notes trying to
remember what to cover next. It seemed as though Ms. Heather was more concerned

46

with covering a certain topic on time rather than focusing on her students' conceptual
abilities.
Teachers were mostly welcoming to their student interventions and questions
within reasonable time frame, however irrelevant comments that were disruptive were
not welcome in any of the classes. At any given time, students were encouraged to ask
questions and give their opinion especially with different ways to solve a particular
problem. Ms. Kelly and Ms. Beatrice were more adamant at encouraging student
interventions while Ms. Naomi and Ms. Sylvie had a more systematic approach at taking
student comments. Ms. Heather preferred to take student questions when prompted.
Content Knowledge
All six of the observed teachers showed knowledge of mathematical concepts
and procedures. They also had several approaches to solve and explain mathematical
facts in ways that are specific to the grade level. All the teachers showed the ability to
explain in multiple ways for learners with different needs. Some learners prefer to
visualize while others like to translate word problems to numbers.
Technological Pedagogical Knowledge
The majority of the observed teachers did benefit from technological features
except Ms. Naomi who used technological tools the least followed by Ms. Sylvie.
Conversely, Ms. Heather used technological tools to their full potential. Special features
of technology were used to enhance students' understanding of mathematical concepts,
most teachers (Ms. Kelly, Ms. Beatrice, Ms. Rachel, and Ms. Heather) took advantage
of technology whereas others (Ms. Sylvie and Ms. Naomi) could have more and better
47

used technological features. Given that technological tools are widely available and
well-maintained in the schools where the observations took place, teachers could have
used technology more profoundly. None of the teachers really gave attention, or cared to
explain, why a certain tool is critical for learning mathematical concepts. In fact, most of
the teachers behaved as though students already know the features of the IWB, however,
many areas of the IWB were not utilized in the intended manner. The significance of
technological tools was not addressed by any of the teachers, because it was obvious that
they did not plan any time for explaining how a tool works or what more can be done
with it. Under no circumstances, did any of the teachers explain why a particular tool is
critical for learning certain mathematical concepts. But that was not the case for other
manipulatives that teachers used such as the number blocks (cube of 1000 units). Unlike
technological tools, most teachers were seen explaining how a number block shows the
number it represents. This indicates that teachers are mostly using technological tools
because they are available and because the curriculum mandates that technology be
used.
Technological Content Knowledge
The majority of the teachers used the appropriate technological tools for the right
content as was the case with Ms. Rachel, Ms. Beatrice, Ms. Kelly, and Ms. Heather;
while Ms. Sylvie, did not demonstrate meaningful connections between content and
technology. Similarly, Ms. Naomi also failed to use technology to enhance content
representation. Even though most teachers used technology that was suitable for the
content being discussed, most teachers still preferred to retreat to traditional
mathematical tools and manipulatives that the students can touch and look at in all
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dimensions. For instance, when Ms. Naomi created a supermarket simulation for
students in class, she could have used specific simulators using technology rather than
bringing all the necessary material.
Pedagogical Content Knowledge
Modification of teaching strategies was noticeable frequently in most of the
observed classes. Furthermore, two of the six teachers (Ms. Sylvie and Ms. Naomi)
addressed student knowledge gaps accompanied by asking students who solved a
problem differently to show their classmates how they can solve in several ways to
come to the right answer. One of these two teachers (Ms. Naomi) also focused on
providing authentic learning experiences as much as possible, which was very engaging
to the students. In Ms. Heather's class, there was an absence of guidance and a lack of
the teacher's ability to engage students in explaining their different approaches in
solving, hence when students expressed confusion, the same approach was repeated over
again without resorting to other possibilities, whereas three other teachers (Ms. Kelly,
Ms. Beatrice, Ms. Sylvie) always focused on the different ways which are all correct in
order to show students that there isn't strictly one right way to solve.
To conclude the above, only two of the six teachers used the Smartboard for
display purposes and only one teacher demonstrated a lack of confidence when using
technology. The use of new technological tools was limited. Less than half of the
teachers were able to shift spontaneously from one tool to the other. Forms of
technology-related distractions were very rare. However, none of the teachers explained
the significance of particular tools, nor did they explain why a tool is important for
learning mathematical concepts.
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The majority of the teachers were welcoming to students interventions, whereas
all the observed teachers demonstrated knowledge of mathematical concepts and had
several approaches to explain mathematical facts. Even though five of the six teachers
used the appropriate technological tool for the right content, most of them did refer to
other non-technological tools constantly for demonstration.

B. Observation 2: Description of Instructional Practices of Grade-4
Math Teachers Using Technology
The second set of observations (Appendix D) was conducted right after the
TPACK observation. The same teachers were observed for the second time over a
period of 3 math sessions each. This section describes each teacher's profile based on: a)
the types of technological tools used, b) the purpose for their use, and c) the instructional
practices that were exhibited. Approximate durations of each of the factors ( such as
how long was the teacher lecturing or how long a certain behavior continued) were also
recorded to conclude whether the instructional practices were learner-centered or
teacher-centered when technology is present.
Ms. Kelly's Class
In this class, the technological tools regularly used included: the Smartboard, a
teacher's laptop, a projector, and 5 desktops designated for student use and located at the
peripherals of the classroom. The software used with the Smartboard is the Smart
Notebook provided by the school and the most used websites included: ixl, MathBlaster,
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and prodigy, with very frequent requests for students to come over and use the board
and its interactive features. The purpose of technology use was mainly to provide
resources for students and the teacher, and to encourage cooperative learning where
students were seen explaining to each other ideas and concepts using the Smartboard
and desktop, in addition to engaging in group work to solve mathematical games
frequently (at least on 2 occasions per session). Using technology to make searches
rarely occurred (only once during the three sessions, where the students were required to
look up a problem). However, students were constantly using technological tools to
practice computational skills, guided by teacher's frequent questioning to challenge their
thinking. Throughout the observed sessions, Ms. Kelly demonstrated her constant
inclination to listen to her students' ideas. She also constantly encouraged students to ask
questions, with reassuring statements like "Wow! Listen to your reasoning skills!" or
"that is a brilliant way to explain!" The teacher even empowered her students to feel the
courage to share and when someone needed help, they could call upon a friend to help
explaining a term or idea.
Ms. Kelly never stood still in one location of the classroom, she was roaming the
class, back and forth, front to back, gesturing, demonstrating thinking skills, and telling
a joke every once in a while, changing her tone, acting surprised or enthusiastic, keeping
her students awake and active participants in constructing knowledge. The students were
always called on by name; the teacher knew each and every student's name and
encouraged respect of the diversity of the classroom. There was no incidence of the
teacher speaking for more than two consecutive minutes at one time. Lecturing or
student note taking was practically non-existent in Ms. Kelly's class; the same is
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applicable to recall of factual information. Students were mainly directed towards
formulating discoveries on their own. Therefore, Ms. Kelly exhibited teaching practices
that were consistent with learner-centered approaches due to the higher frequency of
factors that constitute a learner centered classroom such as challenging student thinking
and encouraging cooperative learning.
Ms. Beatrice's Class
Ms. Beatrice focused on using the Smartboard, a teacher assigned laptop, and a
projector for most part of the observed sessions, in addition to the use of I-pads for
group activities. Among the used websites were: Nelson, ixl, and Prodigy for regular
explanation, as well as mathematical games. Smart Notebook was the designated
software for using the Smartboard. Students were highly encouraged to share the
Smartboard with the teacher in order to express themselves and show their work to
peers. In fact, students were seen using the Smartboard just as much as the teacher.
Nevertheless, in one of the observed sessions, students were assigned a group task that
did not entail the use of any form of technological tools; during that task, the
Smartboard was simply used to display a countdown of the remaining time to complete
the task.
In this class, technology use considerably promoted student-teacher communication
(average of 25 minutes of discussion per 60-minute session) and it also promoted
communication among students, and provided resources for students and teacher for the
majority of sessions' times. Technology was also used to practice computational skills,
providing authentic problems on multiple occasions throughout the observed sessions.
Technological tools were very rarely used to make a search. Only one incident of a
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search was identified. On the other hand, technology use was helpful with frequent
questioning from the teacher, with "how" and "why" questions. Students were also
engaged in role-playing, pretending to be a teacher in a scenario where another student
solved a problem incorrectly; in this activity, students also had the chance to send a
pretend email to the parents explaining what went wrong in their opinion. For most of
the duration of each of the observed sessions, Ms. Beatrice showed willingness and
inclination to listen to her students' interventions and encouraged them to express their
opinions with frequent questioning to challenge their thinking with statements like "talk
to me about problem 3, what's wrong with it?" or "Ashley, help us out here." Students
did not have a chance to get distracted since they were constantly asked to add to what is
being said and help out with different potential solutions. Students had the chance to
occasionally engage in hands-on activities, and Ms. Beatrice also ensured that her
students formulate their own discoveries on a regular basis.
Ms. Beatrice was always keen on calling her students by name and often assigned group
work with and without the use of technology. Lecturing was very rare except for two
incidences (1 minute each) when the teacher had to remind students of a certain property
or rule.

Ms. Rachel's Class
Ms. Rachel made use of several technological tools such as calculators,
projector, teacher-assigned laptop, tablets, and camera projector. She also used Nelson
and Math Frog as websites with rich resources for practice and games. Students were
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often asked to use the camera projector and show their work to their classmates. In other
instances, students were put in groups of 4 and provided with tablets and calculators
while working on a task. Technology was evidently used to practice computational
skills, as well as problem solving skills, which often included several steps and different
types of "obstacles" that students need to team up to solve, in order to arrive at the
"finish line" (mathematical game).
Technology was also frequently used to provide authentic problems, in fact
almost within every interval of 10 minutes, it was noted that the teacher posed a new
authentic problem, allowing students some time to think and come up with their
thoughts about the way to solve. Technology use also supported cooperative learning in
Ms. Rachel's class and promoted higher-order thinking skills with frequent requests that
students use the camera projector to show their ideas and give examples. Furthermore,
students were frequently using tablets to work on activities and engage in mathematical
games (Math Frog), which allowed them to communicate with each other and with the
teacher. Ms. Rachel also used the class wiki to post an activity, on which students were
asked to work with parents at home. The wiki also included ways to contact the teacher,
as well as some photos of her and her family, which makes students feel more connected
to their teacher and to perceive her as a friend. The teacher showed consistent
willingness to listen to her students most of the session's time, calling them by name and
encouraging them to express their ideas. Students were noticed to be actively engaged in
the learning process, with a few hands-on activities throughout each session.
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Ms. Sylvie's Class
Ms. Sylvie limited technology use to the projector, a teacher-assigned laptop,
and occasional use of I-pads for group work. Nelson and ixl were the websites used
throughout the observed sessions, along with Prodigy for mathematical games. Both,
students and teacher used the technology equally, mainly for resources from the
websites. Technology use was visibly a medium for student-teacher communication as
well as communication among students. There were a couple of 10-minute intervals
where technology was not used at all or was used only to display directions for students
to complete an activity. In certain cases, the teacher used technology to encourage
cooperative learning frequently and engage students in activities (2-3 activities using
technology per session). It was also frequently used to practice computational skills with
guidance from the teacher.
Ms. Sylvie made sure that her students had the chance to voice their thoughts and
ideas and she frequently showed willingness to listen to her students while asking them
questions. The teacher was constantly moving around the class as though having a
conversation with her students, always challenging their thinking and calling on them by
name. Students were observed to be highly engaged in the classroom and enthusiastic
about giving their answers or helping peers with a word problem. Students were
encouraged often to work in groups and in pairs depending on the activity, with a chance
to use the I-pad to play a mathematical game or work together on hands-on activities.
Students were not seen to take notes in any of the observed sessions, the teacher cared
more about helping her students formulate their own discoveries in order to have a
deeper understanding, a fact that was reflected in the lack of lecturing in the observed
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sessions. In addition, there were visible periodical stops by the teacher, during which
students were encouraged to explain an idea to the rest of the class, which often resulted
in discussions and increased expression of other students' opinions.

Ms. Heather's Class
The technological tools used in this class were various and abundant. Among the
tools used were the Smartboard, a teacher assigned laptop, student assigned laptops and
I-pads. As for the websites, the teacher used: ixl, and mathgoodies. The technology use,
however, was not confined to websites but also included webquest and YouTube
searches. In addition, Ms. Heather's students went to the "tech room" once a week for
more technological resources that are not available in the classroom. However, it was
noted that at one given time, either the teacher or the students were using the
technology; there were very rare instances when the teacher asked any of the students to
use the Smartboard to demonstrate or explain a concept or share ideas. The purpose of
technology use was mostly confined, but not restricted, to providing resources for
students and teacher.
Students were asked to work in groups using I-pads to conduct searches and
play mathematical games, which in turn promoted communication among students and
encouraged cooperative learning. Technology use in this class, however, was not used
enough to provide authentic problems (twice per session), but it was used more
frequently to practice computational skills.
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Ms. Heather appears as a strict teacher as she carries out herself in a rigid or
robotic manner. For instance, students are allowed to ask questions at designated times
only, with minimal opportunity for students to express their suggestions. It was also
noticed that the teacher refers to students by he, she, or you ( e.g. instead of Jonathan
said xyz, the teacher says he said xyz) which gave the impression that she's distancing
herself from the students. Questioning her students was also rarely seen during the
observed sessions since students were not given the chance to think of why a certain
way might be a solution (there was a lack of critical questions such as why and how or
to explain a particular procedure). Throughout the three observed sessions, there was
only one occurrence of a hands-on activity. On the other hand, Ms. Heather frequently
promoted formulation of discoveries, specifically during the activities. In general,
technology use was quite diverse and customized for this class, but it could have been
steered towards enhancing problem solving skills.
Ms. Naomi's Class
The most frequently used technological tools in this class included: a teacherassigned laptop, projector, and the Smartboard. Nelson and ixl were the websites of
choice for Ms. Naomi when using technology. There were noticeable time blocks of at
least 10 minutes without using technology at all, specifically when the teacher had
prepared ahead a theme for the session which is a weekly routine (the themes could be a
"mathematical recipe" or a supermarket simulation inside the class). When technology
was used, it was mainly for practicing computational skills and promoting studentteacher communication with multiple opportunities to promote higher order thinking
skills. However, technology was not used neither to engage students in mathematical
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games, nor for other activities in this class. It did provide resources for teacher and
students and allowed communication among students prompted by the teacher.
Nevertheless, despite Ms. Naomi's creativity with mathematical activities, technology
could have been used for those activities to save time and provide other resources.
Throughout the observed sessions, the teacher was always pacing the classroom,
walking around and standing next to students with abundant questioning that challenges
their thinking, especially during activity time. Group work was a fundamental part of the
flow of the session with systematic procedure to follow for each group.
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Table 3
Instructional Practices Using Technology

Teacher

Kelly

Beatrice

Rachel

Sylvie

Heather

Naomi

Technological Tools

Hardware

Hardware

Hardware

Hardware

Hardware

Hardware



























Purpose of
technology use

Projector
Desktop
Smartboard

Laptop
Projector
Smartboard
IPAD

Laptop
Projector
Calculators
Camera
Projector

Laptop
Projector
IPAD

Laptop
Smartboard
IPAD

Laptop
Projector
Smartboard

Websites

Websites

Websites

Websites

Websites

Websites





















IXL
MathBlaster
Prodigy

IXL
Nelson
Prodigy

Nelson
MathFrog

Nelson
Prodigy

IXL
Mathgoodies

IXL
Nelson

X

X

X

Make a search

X

Practice
computational
skills

Practice
computational
skills

Practice
computational
skills

Practice
computational
skills

Practice
computational
skills

X

X

X

Encourage
cooperative

Encourages
cooperative

X

X
Practice
computational
skills
X

Provide authentic
problems
X

Encourage

Provide authentic
problems59
Encourage
cooperative

cooperative
learning
Engage in
mathematical
games

Provide
resources for
students and
teacher.

Promote studentteacher
communication

Promote
communication
among students

learning

learning

Engage in
mathematical
games

Engage in
mathematical
games

Engage in
mathematical
games

Engage in
mathematical
games

X

Provide resources
for students and
teacher.

Provide
resources for
students and
teacher.

Provide
resources for
students and
teacher.

Provide resources
for students and
teacher.

Provide resources
for students and
teacher.

Promote
student-teacher
communication

Promote studentteacher
communication

Promote studentteacher
communication

X

X

Promote
communication
among students

Promote
communication
among students

Promote
communication
among students

Promote
communication
among students

Promote
communication
among students

Show student
work/ Involve
parents in the
learning process
Keep students
connected with
the teacher
beyond the
classroom

Display tool for
instructions

Encourages
cooperative
learning

Encourages
cooperative
learning

X

Encourages
cooperative
learning

Role Play
Send E-mails
Display tool

Other

Instructional
Practices

learning

Encourages
cooperative
learning

Encourages
cooperative
learning
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Willing to listen
to student ideas

Willing to listen
to student ideas

Willing to listen
to student ideas

Willing to listen
to student ideas

X

Willing to listen
to student ideas

Encourages
asking questions

Encourages
asking
questions

Encourages
asking questions

X

Students may ask
questions at
designated times

Encourages
asking questions

Teacher moves
around the class

X

Teacher moves
around the class

X

X

Teacher moves
around the class

X

X

X

Challenges
student thinking
by frequent
questioning

X

Challenges
student thinking
by frequent
questioning

Students
formulate their
own discoveries

Students
formulate their
own discoveries

Students
formulate their
own discoveries

Students
formulate their
own discoveries

Students
formulate their
own discoveries

Students
formulate their
own discoveries
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Calls students by
name

X

Calls students by
name

Calls students by
name

X

Calls students by
name

X

Hands-on
activity

X

Hands-on
activity

X

Hands-on activity

No lecturing

No lecturing

No lecturing

No lecturing

No lecturing.

No lecturing
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Table 3 presents the technological tools used, the purpose of their use, and the
instructional practices of each of the observed teachers during Observation 2.
Types of Technological Tools Used
Overall, technological tools varied from one teacher to another but all six
teachers were using a laptop and a projector at one point during each of the sessions
with some teachers having activities that required no technology or where technology
was a means for display as was observed in the classes of Ms. Sylvie and Ms. Naomi.
Ms. Heather did use more varied tools than the other observed teachers and made use of
additional technological tools outside the classroom; she also used the Smartboard much
more than the other teachers without having separate information on the teacher's laptop
that would require a projector to show material to the students. Ms. Heather was the only
one to use YouTube to search for a video, which was also an activity only seen in this
class. The websites most frequently used were ixl, Nelson, and Prodigy which are
usually bought by the school and made available to teachers.
Tablets were also a significant technological tool use by the majority of the
classes; most classes had approximately 5 or 6 tablets, which were usually shared by
groups of students for mathematical games or computation.
Purpose of Technological Tools
The purpose of technology use was mostly to provide resources for teachers and
students and to practice computational skills. Two of the six teachers, like Ms. Rachel
and Ms. Beatrice, further took advantage to have technology provide authentic problems
frequently, whereas one among the six teachers (Ms. Naomi) preferred to have authentic
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learning experiences away from technological tools. When it comes to promoting
communication among students, technology was helpful in all six classes with
opportunities for students to discuss certain concepts whether or not they were in
groups. Using technological tools, students had the opportunity to communicate with
their group members and the teacher to either explain an idea or procedure or plan a
strategy for a mathematical game. Furthermore, technology encouraged cooperative
learning in most classes (Ms. Kelly, Ms. Heather, Ms. Sylvie, and Ms. Rachel),
providing students with activities to work with using tablets and the Smartboard. Using
technology for mathematical games was frequently visible in all classes except in Ms.
Naomi's class who chose to have a different approach that doesn't involve technology.
Two of the six teachers (Ms. Sylvie and Ms. Beatrice) were more inclined to use the
Smartboard as a display tool such as having the instructions of a task shown on the
screen or displaying a countdown for a certain activity to be completed.
There were several other purposes of technology use, which were expected to be
seen by the observer, however, most teachers did not incorporate those uses. For
instance, using technology to make a search was extremely rare and only seen once to
make a search for a YouTube video as prompted by Ms. Heather; that was the only time
technology was used to make a search. Similarly, using technology to store, send, or
receive information was rarely observed. There was only one time when Ms. Beatrice
asked her students to send an e-mail. Programming or coding was not performed in any
of the classes in addition to drawing or constructing geometric figures using technology.
On the other hand, some activities using technological tools were not anticipated
yet occurred and were taken into consideration. Ms. Beatrice used technology to engage
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her students in role play. Also, Ms. Rachel made use of technological features to connect
with her students outside class; backed by demand from parents to be involved in their
children's school work, Ms. Rachel used technological features to create a medium
(classroom wiki) for communication and information sharing.
Instructional Practices
Instructional approaches varied among the six teachers; mainly all teachers
exhibited a willingness and inclination to listen to their students, but the least one was
Ms. Heather who appeared to get disrupted if students spoke irregularly. Students were
encouraged to ask questions in the classes of Ms. Naomi, Ms. Sylvie, Ms. Kelly, and
Ms. Rachel.
Teacher movement around the class was seen in only half of the observed cases.
Based on the observations, it was either that the teacher constantly moved around or
hardly ever. Ms. Rachel, Ms. Kelly, and Ms. Naomi were seen frequently pacing the
classrooms whereas others did not. The use of technology, hence, does not indicate that
teachers will move more frequently. Teachers' movement in the classroom was a matter
of a teaching practice that is not impacted by the presence of technology.
None of the six teachers' classes involved note taking or recall of factual
information. Similarly, lecturing was not observed as an approach in any of the six
classes, however, students seemed more active learners in the classes of Ms. Naomi and
Ms. Kelly and least in the class of Ms. Heather.
Group work and pair work were seen in all six classes with a seating
arrangement of clusters of 4 desks in certain classes or pairs of desks together. All the
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observed teachers encouraged cooperative learning, specifically Ms. Naomi who made
sure that all students are engaged in group work without the use of any form of
technology. Her students were involved in authentic learning experiences the most, but
the important aspect is that technology, in this case, did not have a role in encouraging
cooperative learning, and it certainly did not provide an authentic learning experience.
Conversely, all other teachers took advantage of technological tools to engage students
in cooperative learning using tablets and the Smartboard.
Role play, supported by technological tools ,was observed in Ms. Beatrice class.
Students took on the role of the teacher and sent emails, which was an activity aimed at
teaching students how to send email and at the same time think critically about
something that went wrong in a solution.
Therefore, it was noticed that using technological tools did encourage
cooperative learning in most cases, but it was entirely up to the teacher to decide
whether or not to use technology for that purpose. Most teachers benefited from features
of technology for group work, however, the presence of technology doesn't lead to
cooperative learning because that could happen even if technology was not present as
was seen in Ms. Naomi's class.
To conclude the results of observation 2, the most used technological tools were
the laptop, projector, and tablets. The purpose of technology use was mostly to provide
resources for teachers and students and to practice computational skills. When it comes
to promoting communication among students, technology was helpful in all 6 classes
with opportunities for students to discuss certain concepts whether or not they were in
groups. Furthermore, technology encouraged cooperative learning in most classes.
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Nearly all teachers exhibited a willingness and inclination to listen to their students, but
the least one was Ms. Heather. Students were encouraged to ask questions in four of the
six observed classes. However, cooperative learning was observed in all six classes;
similarly recall of factual information or lecturing was not seen in any of the classes.
This shows that the majority of teaching practices were learner-centered.

C. Interview: Six Mathematics Teachers of Grade-4
This section describes the interviews administered to the six grade-4 math
teachers who were previously observed. The interviews were conducted just after the
completion of the second set of observations and lasted between 25 and 30 minutes with
a semi-structured format, allowing the teacher to elaborate when possible.
The interview questions were used to gain insight about teacher's perspective of
the technological tools used when teaching mathematics, and whether technology use
impacts their teaching practices.
Interview results were analyzed using transcription of the audio-recording, and
coding based on the different themes that were portrayed in the interview. The teacher
interviews were organized in categories according to their relevance to the research
questions and interpreted based on the responses collected from teachers, taking into
consideration the inferences made or implied from teacher responses. The categories
from the interview are discussed below.
Technology as a Tool
Even though all six teachers use technology in instruction, their answers varied
about the tools they use and the way technology shapes their instructional practices.
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Among the most common tools, most teachers declared that they use Nelson, ixl, and
Prodigy in their classrooms as websites for resources and mathematical games. The
hardware most commonly used were laptops, projectors, tablets, and the Smartboard.

Perceived Value of Technology
When teachers were asked whether they find the tools useful and worthwhile,
five of them completely agreed among which Ms. Kelly testified that she cannot give a
lesson without the features of a Smartboard and she finds mathematical games very
engaging and worthwhile. Similarly, Ms. Beatrice explained that she basically uses the
websites at all times during her class since they make her job much easier by providing
plenty of resources to choose from. Furthermore, Ms. Heather described that she
believes technological tools are essential and inseparable from her teaching practices
with rich resources. On the other hand, Ms. Naomi argued that technology is useful and
worthwhile but certainly not enough; she believes that technology should be
complementary to textbooks and practice sheets.
Technology as a Communication Tool
Ms. Rachel pointed out that the classroom wiki gives parents a closer look at
what their children are learning at a certain time period as well as the ability to reach
their teacher outside the classroom and get to know her better. Technology, based on her
experience, should be used to provide visual aid since students respond better when
technology is involved because she feels that they connect with it better. Ms. Kelly
68

explained that students feel that they can communicate more with their teacher and
classmates and get better at expressing themselves especially that it broke a barrier
between students and teacher (Ms. Beatrice) bridging a gap between them.
Technological Tools for Consideration
"Class Dojo" was a mentioned application that some teachers were looking to
adopt. "Class Dojo" functions like a wiki but has additional features with enhanced
communication and sharing options while maintaining privacy. Another website
mentioned was "FunBrain" which teachers were considering to adopt. All six teachers
claimed that they are comfortable using technology in the classroom however, Ms.
Naomi admitted that she preferred to get training before implementing a new tool to
avoid wasting time.
Teachers' Role using Technology
All six teachers explained that they are willing to try new technologies; Ms.
Sylvie added that she understands how technology is not static and that she is constantly
willing to update her technological abilities. All teachers have taught with and without
the use of technology except for Ms. Heather who never taught without technology. The
roles of teachers and students have arguably shifted towards a less hierarchal
relationship (Ms. Naomi) and students are not micro-managed like they used to be (Ms.
Rachel) before using technology.
Perceived Impact of Technology on the Learning Process
Some teachers agree that, since the use of technology in their classes, they can
prepare more challenging and authentic tasks (Ms. Beatrice) with a chance of
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introducing more activities that are interesting to students. thus getting them more
involved in their learning process, with more opportunities for cooperative learning and
better knowledge of where they stand conceptually (Ms. Kelly). Regarding students'
relationship to content, teachers unanimously agreed that students love mathematics
much more than without technology, whereby they have a more "concrete" relationship
with mathematics and seeing it the way it's meant to be seen (Ms. Beatrice). Moreover,
students are more enthusiastic and attracted to the visuals provided by technological
features (Ms. Naomi); students actually respond better when technology is involved, as
they connect with content because they see it in a more interesting approach (Ms.
Sylvie). According to all six teachers, technology did not pose a change with lecturing
since none of them adopts this approach in their teaching practices, hence technology
did not affect whether or not they lecture because none of them conforms to this method
of teaching. Using technology, teachers found that they can ask students more questions
with possibility of going back and forth on a particular concept involving as many
students as possible without wasting much time; students can all see what the teacher is
discussing, they can hear their classmates' reasoning and ideas (Ms. Rachel).
To conclude the above, the interviews revealed that most teachers expressed
comfort with and necessity of using technology in instruction with varied perspectives
on the impact of technology on teaching practices. Some teachers expressed that they
cannot imagine their class without technology while others believe that it's basically a
medium for additional resources that can be obtained elsewhere. The benefits most
reported by teachers included visualization, communication, and student-teacher
interaction.
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D. Survey: Elementary Teachers (Grades 1 to 8)
Questionnaires were distributed to the participating schools. Elementary teachers
( grades 1 to 8) were asked to complete the questionnaire. Almost half of the distributed
questionnaires were completed; 43 out of 90 potential elementary teachers completed
the survey.
The survey asked about the types of technological tools used and their
respective perceived level of effectiveness. Another factor in the survey is the level of
effectiveness of technology use for different purposes. The survey also asks about
teacher's perceptions of their TPACK characteristics as well as their teaching practices.
Thus, the purpose of the survey is to explore teacher's perception about their teaching
practices when they use technology and their TPACK characteristics, as well as the
different technological tools that they use in their class.
I.

Types and Effectiveness of Technological Tools Used

Table 4
Websites Used by Teachers and their Respective Level of Effectiveness

Name of website
used
ABCya
Funbrain
Lady bug
ixl
Nelson (Math)
Math Frog
Prodigy (math games)
PBS (learning media)

1

2

3

4

5

5
2

7
6
18
14
9
7
21
6

10
4
21
13
11
8
4

2

1
2

3
2
4
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Total Number
of Teachers
Using the
Website

Percentage
of Teachers
Using the
Website

12
18
22
37
22
21
32
16

28%
42%
51%
86%
51%
49%
74%
37%

Table 5
Technological Tools by Teachers and their Respective Level of Effectiveness

Level of Effectiveness 1-5: 1 =lowest, 5= highest

Technological
Tools

Name of
tool used
Microsoft
Office
Tablet
Projector
Interactive
Whiteboard
Laptop
Desktop
Netflix

1

1

2

3

Total number
of teachers
using the tool

Percentage
of teachers
using the
tool

4

5

13

5

18

42%

1

16
5

23
38

40
43

93%
100%

4

4

32

2

43

100%

7

5

4
8
6

39
3
1

43
23
7

100%
53%
16%

Table 4 represents the names of the websites used by the responding elementary
teachers and their perceived level of effectiveness, according to the teachers, on a scale
of 1-5 with 1 being lowest and 5 highest. Teachers indicated several websites that they
used, including FunBrain, ixl, and Prodigy. In fact, the websites Prodigy and ixl were
the most used websites with the highest number of teachers: 32 and 37 teachers
respectively making them the most used websites in the list, associated with higher
levels of perceived effectiveness (4-5). Although Prodigy and MathFrog are both
websites for mathematical games, Prodigy was a more popular tool than its counterpart
(32 teachers indicated prodigy while 21 indicated MathFrog). Other websites were also
mentioned by teachers such as LadyBug (22 teachers), Nelson (22 teachers), and ABCya
( 12 teachers). The least used websites were ABCya (12 teachers) and PBS (16 teachers)
with the least number of teachers using them. Netflix is a medium mainly for movies
and TV shows, however some teachers use it for the purpose of educational TV shows
such as "The Cat in the Hat". Although its nature is not advocated in schools some
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teachers use it depending on their preference and teaching strategies. Only 7 teachers
indicated that they use it with a high level of perceived effectiveness.
On the other hand, all responding teachers indicated that they use the interactive
whiteboard (IWB): 34 teachers noted a high level of effectiveness (4-5), whereas five
other teachers mentioned a lower level of effectiveness (1-2). Only four teachers
indicated a level 3 for the effectiveness of the IWB. Desktops were a less popular tool
with a total of 23 teachers who said that they use it in their classroom with levels of
effectiveness ranging between 2 and 5. Both laptops and projectors were common
technological tools in the classroom with 43 teachers who said that they use laptops of
whom 39 indicated the highest level of effectiveness (5) for laptops. Similarly for
projectors, all 43 teachers indicated that they use the projector with 38 teachers
disclosing a (5) for its level of effectiveness and another 5 teachers indicated a level (4)
for effectiveness which shows that the projector is an essential tool for teachers with a
high level of effectiveness. Tablets were also highly popular with 40 teachers indicating
that they use them at a high level of effectiveness (23 teachers indicated a 5 for the
effectiveness; while 16 teachers indicated a 4). Only one teacher declared a level (3) for
the perceived level of effectiveness for the tablet. Microsoft Office is also a noteworthy
tool that was indicated by 18 teachers who viewed it as relatively effective (thirteen
teachers indicated a 4 for effectiveness; and five teachers indicated a level 5 for
effectiveness).
Therefore, as shown in Table 5, it is obvious that certain technological tools are
essential for teachers and considered more effective than others. The IWB is not only
used by all responding teachers, but it also has a high level of perceived effectiveness.
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Similarly, laptops, tablets, and projectors are used by the majority of the responding
teachers at high levels of effectiveness. However, the same is not applicable to desktops,
which do not have a matching rate for use nor effectiveness mainly due to its
replacement by laptops. As for websites, seen in Table 4, some educational websites
such as Prodigy and ixl are perceived as more popular and effective according to the
responding teachers while other websites such as Funbrain and ladybug are still
effective but not as popular.
II.

Teachers' Awareness of Other Technological Tools
This survey also looked into teachers' awareness of other technological tools

that they do not use, but might consider using in the future. Most teachers included a
"Not Applicable" comment which indicates that they are either unaware of more tools or
that they are probably satisfied with what they already know, which could in turn mean
that they are not keen on their professional development, or they lack communication
with other teachers who might be using additional technological tools. However 5
teachers mentioned "ABCmouse.com" and "Class Dojo" as new technological tools that
they are willing to implement. ABCmouse is an educational website with multiple
interactive features for learning; Class Dojo is a medium primarily for communication
beyond the classroom; it's mainly an application that connects parents, teachers, and
students with privacy characteristics that are essential for school policy.
Since most teachers have no identification of other tools than the ones they use,
this shows that teachers are not investing in technological tools enough to enhance
student learning experiences. This also indicates that teachers might assume that
technology has no role in their classroom, but they are obliged to use it as part of the
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curriculum; hence they don't believe in its potential to impact student learning. When
teachers cannot see the significance of technology in teaching and learning, they are
inevitably impacting their TPACK as a whole. Despite technology not being the major
component of the TPACK framework, a teacher who doesn't believe in the power of
technology would not have the optimal TPACK. When teachers are not interested in
emerging technological tools or tools that they don't use at a given time, this shows that
they are not using technology ideally nor for the students' best interest.
III.

Purpose of Technology Use

Table 6
Number of Teachers for Each Level of Importance of Technology Use for a List of Purposes

Level of importance (1-14): 1= lowest; 14= highest
Purpose of
Technology Use
Make a search
Practice
computational skills

1

2

3

7

9

6

11

1

8

6

2

1

Encourage
cooperative learning
Draw or construct
geometric figures

5

4

1

3

11

11

4

3

8

4
15

3

2

16

27

10

13

20

11

6

9

9

14

3

7

4

16

9
75

14

5

2
3

13

2

5
1

12

6

2

1

10

11

Engage in
educational games

Store, send, or

9

11
6

Provide resources
for teachers and
students

8
4

10

1

Promote higherorder thinking skills

Engage in activities

7

10

Enhance problem
solving skills
Provide real-world
(authentic) problems

4

1

23

13

2

20

1

10

29

12

5

receive information
Promote
communication
among students

20

Programming /
coding

43

Promote studentteacher
communication

5

3

6

9

17

26

The second part of the survey deals with the several purposes of technology use
and the teachers' perceived level of importance of technology for each purpose. In this
section, teachers were asked to indicate the level of importance, in their opinion, for
technology use to achieve different purposes on a scale of 1-14 (1 being lowest and 14
being highest). Teacher responses in Table 6 varied among several purposes, however
technology use stood out as, according to most teachers, much more important for
certain purposes than others. For instance, 37 of the 43 teachers indicated that using
technology to provide real-world (authentic) problems was very important with 27
teachers indicating a level 13 of importance and 10 teachers indicating the highest level
14; only two teachers indicated lower levels of importance in this case (levels 1&3) and
four teachers indicated a 5 for the level of importance.
Technology use to encourage cooperative learning was also associated with high
levels of importance; 33 teachers noted levels 13 and 14 in this case, whereas only one
teacher indicated a low level of importance (3), three teachers indicated a level 5, and 6
teachers indicated a level 10. Using technology to engage in educational games was also
perceived at high levels of importance; thirty nine teachers indicated higher levels of
importance with16 teachers indicating a level 12, and 23 teachers indicating a level 14.
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Only four teachers indicated a level 10 for importance with no teachers indicating any
lower levels. Similarly, using technology to engage in activities was perceived highly
important according to 35 teachers ( 13 teachers indicated a level 12, 3 teachers
indicated a level 13, and 20 teachers indicated a level 14 for importance). Two teachers
indicated a low level of importance (1) in this case. Furthermore, using technology to
provide resources for teachers and students was indicated as highly important by 40
teachers out of the 43. Only three teachers indicated lower levels of importance (2 and
3) in this case. Using technology to promote communication among students was
regarded with high levels of importance as well. All 43 teachers indicated high levels of
importance when it comes to using technology to promote communication among
students (20 teachers indicated a level 12, 6 teachers indicated a level 13, and 17
teachers indicated a level of 14). Twenty six teachers indicated a level 14 for the
importance of technology use to promote student-teacher communication, however,
eight teachers indicated lower levels of importance (2 and 3), while 9 teachers indicated
a level 5.
Other uses of technology were perceived as less important such as enhancing
problem solving skills, to which 21 teachers associated high levels of importance (3
teachers indicated a level 12, 2 teachers indicated a level 13, and 16 teachers indicated a
level 14) while 10 teachers indicated a level 5 and 11 teachers indicated a level 10 for
importance. Also using technology to practice computational skills was regarded as
highly important(levels 12-14) by 22 teachers yet not quite important(levels 1-2) as
indicated by 21 teachers, mainly due to the fact that they are teachers of non-math
subjects. The same can be said about using technology to draw or construct geometric
77

figures whereby 26 teachers indicated a high level of importance (levels 12 to 14) while
19 teachers indicated low levels of importance (levels 1 to 2). On the other hand, using
technology for purposes such as coding or programming was unanimously indicated
with the lowest level of importance (1) by all 43 teachers. Other uses of technology
including making a search varied immensely between levels 1-13 with a considerable
number of teachers (11) who indicated a level 10 for importance while another 22
teachers indicated lower levels of importance (1-3).
In conclusion, using technology for different purposes had multiple outcomes
according to elementary teachers. Some purposes of technology use were perceived as
more important than others as is the case with using technology to engage in activities,
provide authentic problems, encourage cooperative learning, and provide resources for
teacher and students, which made these the main purposes for using technology. Other
uses of technology such as programming/coding were perceived as the least important.
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IV.

Teaching Practices Using Technology

Table 7
Number of Teachers for Respective Teaching Practices when Using Technology

1=Strongly Disagree; 2=Disagree; 3=Indifferent; 4=Agree; 5=Strongly Agree

When digital technology is used in my class,
I mostly use it for demonstration to students
My students frequently use it for hands-on activities
I am more inclined to listen to students
Students ask more questions
Students are more inclined to express their opinions and
suggestions
I move more frequently around the class
I use questioning more frequently to challenge students’
thinking
Students become more active participants, not just listeners
I tend more to call students by name and address them
directly, individually or by groups, rather than addressing
the whole class in a lecturing way
Students work more in groups
I ask students, more frequently, to explain concepts or
ideas to their peers
I use less lecturing
I use more inquiry methods and formulation of discoveries
by students
Students are more engaged
I focus more on students’ understanding rather than recall
of factual information
Students tend to talk more to their peers
I tend to talk less
I can ask students more challenging questions
More time and effort are required for class management
More time and effort are required for content coverage

1
9
14

2
22
2
16
9

8
7

4

6

4
10
22
9
21

5
2
19

2

17

24

1

13

21

18

3

9

34

17

14

26

17

24

19

4

15

8

9

17

21

5

11

32

16

27

7
14
23
19
18

36
17
20
5
6

8

35

18
21

2
1

12
4

6
2

13

28

15
16

I think students learn better when they actually use digital
technology rather than just watching the teacher using it
My role as a teacher changes
My teaching methods / strategies change

3

17
19

3

This part of the survey, presented in Table 7, asked teachers about their teaching
practices when technology is used in the classroom. Teaching practices are classified
based on whether they are learner-centered or teacher-centered. Moreover, teachers were
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asked whether they believe technology changed their teaching practices or their role as a
teacher.
Purpose of Technology Use
The purpose for technology use was addressed by the ways teachers actually use
it in class; whether or not it's mainly another means to display content. Twenty-two
teachers indicated that they "disagree" with the fact that they use it for demonstration,
while nine other teachers indicated that they "strongly disagree". Yet, ten teachers
expressed that they" agree". The majority (41) of the responding teachers indicated that
they "agree" that they frequently use technology for hands-on activities (22 teachers
agree, 19 teachers strongly agree). In other words, most teachers noted that they use
technology for purposes beyond simple demonstration and would frequently use it for
more profound purposes such as hands-on activities.
Technology and Teacher Behavior
Most teachers disagreed with the statement of being inclined to listen more to
students when using technology; 14 teachers indicated a "strongly agree" comment and
16 teachers indicated that they "disagree". Four teachers indicated an "indifferent"
comment, but only nine teachers indicated that they "agree". Nevertheless, the majority
of the responding teachers did not find that technology makes them more inclined to
listen to their students. Consequently, using technology did not alter this particular
teaching practice for most teachers who took the survey.
The majority of the teachers agreed with the fact that when using technology
they move more frequently around the class; 21 teachers indicated that they " strongly
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agree" and 13 teachers indicated that they "agree". Only one teacher indicated an
"indifferent" comment, while eight teachers indicated that they "disagree" with that
statement. Using technology, some teachers find that they have more opportunity to
move around the classroom while students are working on an activity using tablets, or if
a student is using the IWB for demonstrating an idea to classmates.
Most of the responding teachers agreed with the statement that they call on
students by name more than addressing the whole class in a lecturing manner when
using technology. 17 teachers indicated that they "agree" and 14 teachers indicated that
they "strongly agree". However, eight teachers disagree and four teachers indicated that
they "strongly disagree" with that statement. Some teachers most likely do not use this
method when teaching, but other teachers find that using technology helps them address
students more individually rather than lecturing all the time. However, even when
technology is involved, teachers can still lecture if they intended to do so; hence the
teachers who disagreed with this statement may find that lecturing is not a strategy they
would use even if they weren't using technology.
Using technology did not result in less lecturing; 28 teachers indicated that they
disagree" that they use less lecturing when using technology and six teachers indicated
that they "strongly disagree" with this statement. Only nine teachers indicated that they
"agree". This shows that teachers do not lecture less when using technology. It could be
interpreted that the responding teachers either lecture regardless of the use of
technology, or that they don't lecture in the first place. Concurrently, most teachers
agreed that they talk less when using technology; 14 teachers indicated that they agree
and 17 teachers indicated that they "strongly agree" with this statement. 34 teachers
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indicated that they do not lecture less when using technology. on the other hand, 12
teachers indicated that they "disagree" with the fact that they talk less when using
technology either because they don't consider themselves to do all the talking or because
using technology they continue to do much of the talking or perhaps lecturing. This
implies that the majority of teachers do not adopt lecturing as a teaching strategy but
also technology doesn't lead to less lecturing.
All surveyed teachers expressed that when using technology they can focus more
on student understanding rather than on recall of factual information (16 teachers agree
and 27 teachers strongly agree with the statement). Since all teachers agreed that they
focus more on student understanding rather than recalling factual information, it means
that technology helps teachers ensure that students are active learners and not simply
recipients and memorizers of factual information.
Students as Learners
Most teachers indicated that using technology, students ask more questions.
Even though nine teachers indicated that they "disagree" with this statement, 13 teachers
indicated that they "strongly agree" and 21 teachers indicated that they "agree". This
implies that teachers who use technology believe that using technology makes learning
more engaging for students thus making them ask more questions. The teachers who did
not agree, likely believe that students can ask questions whether or not technology is
being used.
Similarly, most teachers indicated that students are more inclined to express their
opinions and suggestions when using technology. 24 teachers indicated that they
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"strongly agree" and 17 teachers indicated that they "agree" with that statement, while
only two teachers indicated an "indifferent" comment. Again, this could imply that when
technology is used, students feel more interested and engaged in the learning process.
All the responding teachers agreed that students become more active
participants, not just listeners when using technology; 34 teachers indicated that they
"strongly agree" and nine teachers indicated that they "agree" with that statement. This
shows that when teachers use technology, they find that students are actively engaged in
the learning process.
Higher-order Cognitive Skills and Students' Construction of Knowledge
With respect to the statement pertaining to having teachers use questioning more
frequently to challenge student thinking, teachers had mixed responses. Almost half of
the teachers agreed and the other half disagreed; more specifically, seven teachers
indicated that they "strongly disagree", 15 teachers indicated that they "disagree". On the
other hand, 18 teachers indicated that they "agree" and three teachers indicated that they
"strongly agree". In this case, it is arguable that technology doesn't necessarily impact
this teaching practice; in other words, some teachers can still ask challenging questions
whether or not technology is involved. This could also indicate that teachers may or may
not be adopting this strategy regardless of the presence of technology.
More teachers agreed with the fact that when using technology, they adopt more
inquiry methods and formulation of discoveries by students. 21 teachers indicated that
that they "agree" and five teachers indicated that they "strongly agree" with that
statement. A considerable number of teachers (17), however, disagreed. Some teachers
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find technology to be supportive of that teaching practice while other teachers do not
think that technology has a role in it. Yet all the responding teachers agreed that they can
ask students more challenging questions using technology.

Cooperative learning
Most teachers (26) teachers indicated that they "agree" and 17 teachers indicated
that they "strongly agree" that using technology, students work more in groups. In
addition to that, 36 teachers indicated that they "strongly agree" that students tend to talk
more to their peers and another 7 teachers indicated that they "agree". Twenty four
teachers indicated that they "agree" that they ask students more to explain concepts to
their peers and another 19 teachers indicated that they "strongly agree". Thus, according
to most teachers in this survey, using technology in the classroom enhances cooperative
learning.
Technology for Management
There were equally opposing views about the time and effort required for
classroom management when using technology. 15 teachers indicated that they
"disagree", and four teachers indicated that they "strongly disagree" with that statement.
However, 19 teachers indicated that they "agree", and five teachers indicated that they
"strongly agree" that using technology more time and effort are required for classroom
management.
Similarly, 16 teachers indicated that they "disagree" that more time and effort are
required for content coverage when using technology. 18 teachers indicated that they
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"agree" and six teachers indicated that they "strongly agree" with that; three teachers
indicated an "indifferent" comment.
This shows that a significant number of teachers still consider technology to be a
hurdle for classroom management and quite uncomfortable with the idea that technology
might be helpful in covering content in an efficient and effective manner.

Role of Technology
Teachers were also asked about whether technology changed their role as a
teacher, 23 teachers indicated that they disagree with that, while 20 teachers declared
that technology changed their role as a teacher. With respect to a change in teaching
practices, teachers also had equally opposing views whereby 21 teachers declared that
they didn't change their teaching methods when technology is used while 22 teachers
indicated that they changed their teaching practices when technology is used.
To conclude the above, according to the majority of elementary teachers who
participated in this survey, technology use does in fact promote a more constructivist
learning environment reflected in more collaborative work with peers and students' own
construction of knowledge. However, this is not quite applicable to teachers changing
their teaching practices nor their role as a teacher, even though nearly half of the
surveyed teachers agreed, others did not. This could be due to the fact that they already
had characteristics of a learner-centered environment before the use of technology.

85

V. TPACK Characteristics
The final part of the survey (table 8) deals with teachers' TPACK characteristics.
On a scale 1-5 (1=Strongly Disagree, 5=Strongly Agree), teachers were asked to rate
their behavior according those characteristics. Teachers' responses are categorized based
on Grandgenett's (2008) six characteristics of teachers with strong TPACK.
Table 8
Number of Teachers Based on their TPACK Characteristics

1=Strongly Disagree 2=Disagree 3=Indifferent 4=Agree 5=Strongly Agree
1
I feel confident about using technology tools while
teaching.
During teaching, I frequently use technology that is
relevant to the topic at hand.
When I feel the need, I can easily and spontaneously
change the technological tool into one that is more
relevant
to the topic.
I frequently change the technological tools that I use
in
class to new ones.
When using technology, I get distracted from the
original
teaching task .
Distraction from the teaching tasks can happen with,
or
without the use of technology.
I search for ways to benefit from the special features
of
technology to enhance students’ understanding of
certain
concept(s).
Prior preparation of the teaching tasks before class
takes
more time and effort when technology is to be used.
When I use a digital tool, I explain to students why
this
particular tool is useful for learning the math
concepts.
When I use a digital tool, I always explain to students
what
I am doing with the technological tool to the benefit
of

2

3

4

5

4

39
43

13

7

33

5

7

8

12

31

17

5

3

2

18

29

31

5

9

34

13

5

14

33
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10

learning.
When I use a digital tool, I always explain to students
how
the used technology works.
I usually modify a teaching strategy to address
different
students’ needs and knowledge gaps.
I model for students the use of data-driven decisions
assisted by technology.
I believe that students’ questions and interventions
are
important for their learning.

29

5

10

3

4

8

35

14

21

4

39

1. Openness to Experimentation
All elementary teachers who took the survey indicated that they are comfortable
using technology; 39 teachers indicated that they "strongly agree" with being confident
and another 4 teachers indicated that they "agree". Furthermore, all teachers (12 teachers
indicated that they agree, 31 teachers indicated that they strongly agree) noted that if
they need to switch technological tools to more relevant ones they can do so easily and
spontaneously.
Teachers had mixed reviews about the frequency of changing the tools into new
ones; 13 teachers (10 of these teachers had also previously mentioned that they use
technology mainly for demonstration) indicated that they "disagree", 17 teachers
indicated that they "agree", 5 teachers indicated that they "strongly agree", and 8
teachers indicated "indifferent". Thus, some teachers frequently change their
technological tools while others do not.
2. Focus on Task
Almost all teachers (40) do not find that using technology causes distraction
from the original teaching tasks; only 3 teachers indicated that they get distracted with
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31 teachers agreeing that distraction can happen regardless of technology use in the
classroom. When teachers were asked about whether they search for ways to benefit
from technological features to enhance student understanding, 34 teachers indicated that
they "strongly agree" and 9 teachers indicated that they "agree". All 43 responding
teachers indicated that they "strongly agree" that they use the appropriate technology
that is relevant to the topic at hand.
3. Awareness of Student Conceptual Abilities
Most teachers (35) indicated that they "strongly agree" with the statement that
they usually modify a teaching strategy to address students' needs and knowledge gaps.
Only eight teachers declared that they agree with that statement which reflects teachers'
awareness of the significance of this strategy.
4. Connections about Significance of Technology
When using a digital tool, all teachers indicated that they always explain what
they are doing with the technological tool to benefit learning, however this is not
applicable to explaining to students how a used tool works; 29 teachers indicated that
they "disagree" with the fact that they explain how a used technological tool works
while another 10 teachers indicated an "indifferent" opinion. In that sense, most teachers
might find it unnecessary to explain how to use a tool or the students already know how
to use it knowing that some of the surveyed teachers are those of higher elementary
grade levels. This could also indicate that some teachers are not keen on the significance
of technology use.
5. Using Technology for Management
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While some teachers (25) indicated that they "disagree" that prior preparation of
the teaching tasks before class takes more time and effort when technology is used,
others (18) indicated the opposite; remarkably enough these are the same teachers who
indicated that using technology necessitates more time and effort for content coverage
(Table 3); so again there are mixed reviews about whether technology requires more
time and preparation, but more teachers believe that no additional time or preparation is
needed.
6. Optimism for Change
All teachers agree that student questions and interventions are an essential part of
the learning process. 39 teachers indicated that they "strongly agree", and four teachers
indicated that they "agree". Teacher responses show their belief in the importance of
student interventions that the majority of teachers not only agrees but strongly agrees
with the idea that when students ask and reflect they are actively engaging in the
learning process.
When most of the responding teachers agree that they model for students using
data-driven decisions assisted by technology, this reflects that teachers are optimistic for
change and believe in the importance of technology as an integral part of the curriculum.

E. Connections Among Teachers
The use of several instruments provided insight about how teachers perceive the
role of technology in their teaching practices, as well as their teaching practices and
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TPACK characteristics using technology. The teachers in this study have different views
about the way to use technology in a classroom, different years of experience teaching
and using technology, and different teaching strategies.
It's worthy to mention that the two oldest teachers (Ms. Naomi and Ms. Sylvie)
were less comfortable using technology with some reluctance on behalf of Ms. Naomi to
use technology, which raises questions about whether there's a relationship between the
age of a teacher and use of technology.
On another note, even though all six teachers showed obvious content
knowledge (CK), their pedagogical knowledge (PK) varied immensely. For example,
Ms. Heather who was the most adamant about technology use with excellent
technological knowledge (TK), exhibited the poorest pedagogical knowledge (PK) and
lack of experience in the classroom. Ms. Naomi, on the contrary, showed excellent
pedagogical knowledge(PK) and poor technological knowledge (TK). Younger teachers,
on the other hand, like Ms. Kelly and Ms. Rachel exhibited sound technological
pedagogical knowledge (TPK) as well as very good pedagogical knowledge (PK) and
experience in dealing with students. This shows that excellent technological knowledge
does not necessarily mean a good TPACK (Kushner- Benson& Ward, 2013).
As in relation to the purpose of technology use, some teachers (Ms. Rachel and
Ms Beatrice) frequently used technology to provide authentic problems. All teachers
explained that they use technology for activities and mathematical games except Ms.
Naomi who expressed that she prefers mathematical games not to involve technology.
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On the other hand, the role of technology was very important to all teachers. Some
argued that it broke a barrier between students and teacher, whereas other teachers
expressed that technology may have led to a less hierarchal relationship between teacher
and students with room for more communication and sharing of ideas.
All teachers expressed that using technology in the classroom may have changed
the role of the teacher but the same cannot be said about teaching practices. None of the
teachers changed their teaching practices as a result of using technology. For instance,
none of the teachers use lecturing as a method which was also seen in the observation.
Moreover, cooperative learning which is a characteristic of a learner-centered classroom
was much more evident in the class of Ms. Naomi than the class of Ms. Heather who
uses technology the most. However, results from the survey indicate that technology
does in fact promote cooperative learning portrayed in students working in groups and
students explaining ideas to their peers according to the majority of the responding
teachers. Therefore, it is really up to the teacher to decide how they might use
technology, and that cooperative learning can occur even if technology is not being
used.
Furthermore, the teachers who taught with and without technology also argued
that before using technology their teaching practices have not changed and that the
presence of technology is responsible for more enthusiasm and a better relationship with
mathematics, in which students have a more "concrete" relationship with mathematics.
In other words, cooperative learning, lack of lecturing, and authentic challenging tasks
were present in classes regardless of the presence of technology. Also, in certain
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instances, the use of technology may still be used to provide visual aids and a means for
representation as is the case with Ms. Naomi and Ms Sylvie.
F. Summary of Findings
Results from the first observations showed that some teachers might still use
technology for display purposes even though only one teacher demonstrated a lack of
confidence when using technology. The use of new technological tools was generally
limited, and teachers didn't invest much time to introduce new tools to their students.
Less than half of the teachers were able to shift spontaneously from one tool to the other.
Forms of technology-related distractions were very rare. However, none of the teachers
explained the significance of particular tools, nor did they explain why a tool is
important for learning mathematical concepts.
The majority of the teachers were welcoming to students interventions, whereas
all the observed teachers demonstrated knowledge of mathematical concepts and had
several approaches to explain mathematical facts. Even though five of the six teachers
used the appropriate technological tool for the right content, most of them did refer to
other non-technological tools constantly for demonstration.
Results of observation 2 showed that the most used technological tools were the
laptop, projector, and tablets. The purpose of technology use was mostly to provide
resources for teachers and students and to practice computational skills. When it comes
to promoting communication among students, technology was helpful in all 6 classes
with opportunities for students to discuss certain concepts whether or not they were in
groups. Furthermore, technology encouraged cooperative learning in most classes.
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Nearly all teachers exhibited a willingness and inclination to listen to their students, but
the least one was Ms. Heather. Students were encouraged to ask questions in four of the
six observed classes. However, cooperative learning was observed in all six classes;
similarly recall of factual information or lecturing was not seen in any of the classes.
This shows that the majority of teaching practices were learner-centered.
The interviews revealed that most teachers expressed comfort with and necessity
of using technology in instruction with varied perspectives on the impact of technology
on teaching practices. Some teachers expressed that they cannot imagine their class
without technology, while others believe that it's basically a medium for additional
resources. The benefits most reported by teachers included visualization,
communication, and student-teacher interaction. The most critical finding in the
interview was that teachers do not believe technology use as a driving factor toward
learner-centered teaching practices, for instance, according to all six teachers,
technology did not pose a change with lecturing since none of them adopts this approach
in their teaching practices, hence technology did not affect whether or not they lecture
because none of them conforms to this method of teaching.
Finally, results from the survey revealed that certain technological tools such as
the IWB are essential for teachers and considered more effective than others. Similarly,
laptops, tablets, and projectors are used by the majority of the responding teachers at
high levels of effectiveness. As for websites some educational websites such as Prodigy
and ixl are perceived as more popular and effective according to the responding teachers
while other websites such as Funbrain and ladybug are still effective but not as popular.
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Some purposes of technology use were perceived as more important than others
as is the case with using technology to engage in activities, provide authentic problems,
encourage cooperative learning, and provide resources for teacher and students, which
made these the main purposes for using technology. Other uses of technology such as
programming/coding were perceived as the least important.
According to the majority of elementary teachers who participated in this survey,
technology use does in fact promote a more constructivist learning environment
reflected in more collaborative work with peers and students' own construction of
knowledge. However, this is not quite applicable to teachers changing their teaching
practices nor their role as a teacher, even though nearly half of the surveyed teachers
agreed, others did not. This could be due to the fact that they already had characteristics
of a learner-centered environment before the use of technology.
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Chapter Five
Discussion
This chapter presents the triangulation of results obtained from the four
instruments and their connection to the literature review. The following headlines are
further discussed throughout the chapter.
I.
II.

Triangulating Results of Different Instruments
Answering the Research Questions

III.

Connection to Literature

IV.

Limitations of the Study

V.
VI.

I.

Implications for Teaching and Recommendations
Perspective for Further Research

Triangulating Results of Different Instruments
Using several instruments was aimed at obtaining results from separate sources.

Each Grade-4 math teacher was initially observed for two different purposes and then
interviewed to gain insight at the teacher's perceptions of the impact of technology on
teaching practices.
At the individual level, each teacher's demeanor was consistent among the
observations and interviews with a slight variance in rare occasions.
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Overall, the results generated from the interviews and both observations show
that technology indeed modifies the role of the teacher in a sense of breaking a barrier
between the teacher and the students and establishing a more profound understanding of
the content. Technology use can also make students more enthusiastic about subject
matter. Although most teachers contend that technology makes students more interested
and connected to learning, all six teachers argued that technology did not modify their
teaching practices nor did it make their teaching practices any more learner-centered
than before. In other words, teachers generally agree that technology plays a role in
making them closer to their students and also keeps students more involved in the
learning process, most teachers believe that their own teaching practices have not
changed into more learner-centered practices since technology became a part of the
curriculum.
Technology might be a necessity for most of the teachers, yet all the teachers
declared that their teaching practices are based on their teaching strategies and
experience and not on the inclusion of technology. Most of the teachers adopt teaching
strategies that are consistent with those of a learner-centered class including cooperative
learning, authentic learning experiences, students' own formulation of discoveries, and
role-playing. Nevertheless, the presence of technology does not equate a learnercentered classroom. As a matter of fact, the least learner-centered classroom had the
highest level of technology knowledge and used the technological tools most;
conversely, the most learner-centered class didn't have high levels of technological
knowledge, which shows that technology use does not necessarily make the teaching
practices more learner-centered. Regarding TPACK characteristics, teachers exhibited
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different abilities but even a teacher with advanced technological knowledge does not
ensure the best TPACK;

II.

Answering the Research Questions

1. What are teachers' instructional tools and approaches when they use technology
for teaching?
Data from observation 2 and the survey were used to answer the first research
question. Results from the survey showed that certain technological tools are essential
for teachers and more effective than others. The IWB is not only used by all responding
teachers, but it also has a high level of perceived effectiveness. Similarly, laptops,
tablets, and projectors are used by the majority of the responding teachers, associated
with high levels of perceived effectiveness. However, the same is not applicable to
desktops, which do not have a matching rate of use or effectiveness, mainly due to its
replacement by laptops and tablets.
As for websites, some educational websites such as Prodigy and ixl are perceived
as more popular and effective according to the responding teachers while other websites
such as Funbrain and Ladybug are still effective but not as popular.
Data from the observation showed that technological tools varied from one
teacher to another but all six teachers were using a laptop and a projector at one point
during each of the sessions with some teachers having activities that required no
technology.
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During the observed sessions, the purpose of technology use was mostly to
provide resources for teachers and students and to practice computational skills. When it
comes to promoting communication among students, technology was helpful in all six
classes with opportunities for students to discuss certain concepts, whether or not they
were in groups. Furthermore, technology supported higher-order thinking skills and
encouraged cooperative learning in four of the six classes. Using technology for
mathematical games was frequently visible in all classes except in one class where a
different approach that doesn't involve technology was used.
The data obtained from observation 2 also showed that when using technology,
instructional approaches varied among the six teachers; mainly all teachers exhibited
willingness and inclination to listen to their students, only one of the six teachers
appeared to get disrupted when students spoke irregularly. Students were encouraged to
ask questions in the majority of the observed classes. None of the six teachers' classes
involved note taking nor recall of factual information. Similarly, lecturing was not
observed as a prevailing approach in any of the six classes. Group work and pair work
were seen in all six classes with a seating arrangement of clusters of 4 desks in certain
classes or pairs of desks together. However, technology was not always the main
element in cooperative learning whereby in one instance, technology was a merely
display tool and in another class it was not even remotely used for cooperative learning.
Most teachers directed students towards formulating discoveries on their own.
In other cases, technology had a role in promoting higher-order thinking skills with
frequent questioning from the teacher, with "how" and "why" questions; students were
also engaged in role-playing, pretending to be a teacher in one of the observed classes.
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Therefore, it was noted that laptops, projectors, and tablets were the most
commonly used technological tools, while the most commonly used websites were ixl
and Prodigy. The prevalent instructional practices included willingness to listen to
students' interventions and cooperative learning. However, the presence of technology in
the classroom did not implicate that the technology itself was a determinant of those
teaching practices. For instance, in two of the observed classes, cooperative learning was
used away from technological tools.
2. What are mathematics teachers' perceptions of the role of technology in
modifying their teaching approaches?
The survey and the interviews were designed in a way that allows answering this
research question. However, the part of the survey which addressed this question was
left blank by the majority of the responding teachers; therefore, the question will be
answered based on the data generated from the interview.
The interview questions were used to gain insight about teachers' perceptions of
the technological tools used when teaching mathematics and whether technology use
impacts their teaching practices. Even though all six teachers use technology in
instruction, their answers varied about the tools they use and the effect of technology on
instructional practices. When teachers were asked whether they find the tools useful and
worthwhile, five of them completely agreed and among the remarks were that some
teachers cannot give a lesson without the features of a Smartboard and that
mathematical games are very engaging and worthwhile. Similarly, other teachers
explained that they use the websites at all times during class since they make their job
much easier by providing plenty of resources to choose from. One of the interviewed
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teachers pointed out that the classroom wiki gives parents a closer look at what their
children are learning at a certain time period as well as the ability to reach their teacher
outside the classroom. Furthermore, others explained that technological tools are
essential and inseparable from their teaching practices with abundant resources to
choose from. On the other hand, one teacher argued that technology is useful and
worthwhile but certainly not enough; she believes that technology should be
complementary to textbooks and practice sheets. Technology, based on her experience,
should be used to provide visual aid since students respond better when technology is
involved because she feels that they connect with it better. All six teachers claimed that
they are comfortable using technology in the classroom however, one teacher admitted
that she preferred to get training before implementing a new tool to avoid wasting time.
Furthermore, all six teachers explained that they are willing to try new technologies; one
teacher further elaborated that technology is not static and that she is constantly willing
to update her technological abilities.
The roles of teachers and students have arguably shifted towards a less hierarchal
relationship and students are not micro-managed like they used to be before using
technology. One teacher explained that students feel that they can communicate more
with their teacher and classmates and get better at expressing themselves, especially
because technology broke a barrier between students and teacher by bridging a gap
between them. Since the use of technology in their classes, some teachers agree that they
can prepare more challenging and authentic tasks with a chance of introducing more
activities that are interesting to students thus getting them more involved in their
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learning process with more opportunities for cooperative learning and better knowledge
of where they stand conceptually.
Regarding students' relationship to content, teachers unanimously agreed that
students love mathematics much more than without technology whereby they have a
more "concrete" relationship with mathematics and they "see" it the way it's meant to be
seen. Moreover, students are more enthusiastic and attracted to the visuals provided by
technological features; students actually respond better when technology is involved, as
they connect with content, because they see it in a more interesting approach.
According to all six teachers, technology did not change the rate of their use of
lecturing, because none of them conformed to this method of teaching, with or without
technology. Using technology teachers found that they can ask students more questions
with possibility of going back and forth on a particular concept involving as many
students as possible, without wasting much time; students can all see what the teacher is
discussing, they can hear their classmates' reasoning and ideas.
To conclude the above, the interviews revealed that most teachers expressed
comfort with and necessity of using technology in instruction, with varied perspectives
on the impact of technology on teaching practices. Some teachers expressed that they
cannot imagine their class without technology, while others believe that it's basically a
medium for additional resources that can be obtained elsewhere. When it comes to
teaching practices, all teachers declared that technology is not a driving factor towards
more learner-centered teaching practices, because the teacher can make a classroom
learner-centered or non-learner-centered regardless of whether or not technology is used.
This in fact coincides with the observation of the class of Ms. Naomi, who used
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technological tools the least but still had teaching practices that are consistent with a
learner-centered classroom. This is not to refute the idea that technology promotes other
learner-centered teaching practices such as encouraging cooperative learning, which is
highly visible in the majority of the classes where technology was used to encourage
cooperative learning. However, they all discussed that even though technology promotes
cooperative learning this doesn't mean that cooperative learning cannot happen without
the use of technology; that all depends on the teacher and their standpoint on teaching
practices.

3. How do math teachers in elementary grade levels show, in the classroom,
evidence of behavior that coincides with the TPACK framework?
To answer the final research question, data from Observation 1 and the survey
were considered. Data from observation 1 revealed that all teachers demonstrated
confidence dealing with technology tools, except for one teacher who preferred not to
use technological tools as much as the other five teachers. Nevertheless, all teachers
used commonly known tools relevant to the topic at hand such as particular websites
including Nelson, ixl, and MathBlaster that were common among grade-4 teachers, as
well as certain mediums for mathematical games. Half of the observed teachers were
able to spontaneously shift from one tool to another seamlessly, while the rest mainly
focused on the same tool throughout the entire session.
As for the use of new tools that were never used before, most teachers failed to
incorporate a totally new tool except in rare instances. When a new tool (ex: educational
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games) did get incorporated, it was planned and prepared ahead such as seen in two of
the six classes. Forms of distraction as a result of technological use were rarely visible in
any of the classes except for minor issues in two classes. Other forms of non-technology
related distractions, were frequently seen in one class. With respect to benefiting from
the special features of technology to enhance students' understanding of mathematical
concepts, most teachers took advantage of technology, whereas others could have more
and better made use of technological features.
Throughout the observations, some teachers showed to have come to class
prepared, whereas one teacher was not as prepared when compared to the rest of the
teachers, since she seemed disconnected in certain cases; the same can be said about
teacher awareness of where students stand conceptually and the next steps in the
instructional process. In all of the observed classes, teachers explaining the significance
of a particular technological tool or the way it works was not detected. None of the
teachers really gave attention, or cared to explain, why a certain tool is critical for
learning mathematical concepts. Modification of teaching strategies was noticeable
frequently in half of the observed classes.
Data from the survey showed that most of the responding teachers agreed with
being confident using technology. Furthermore, all teachers noted that if they need to
switch technological tools to more relevant ones they can do so easily and
spontaneously. Technological content knowledge (TCK) was measured with teachers'
ability to use technological tools relevant to the topic at hand; all 43 teachers indicated
that they "strongly agree" with that.
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As for technological pedagogical knowledge (TPK), teachers had mixed reviews
about the frequency of changing the tools into new ones; some teachers (17 teachers)
frequently change their technological tools while others do not (13 teachers). Almost all
teachers (40) do not find that using technology causes distraction from the original
teaching tasks; only 3 teachers indicated that they get distracted with 31 teachers
agreeing that distraction can happen regardless of technology use in the classroom.
While some teachers (25) indicated that they "disagree" that prior preparation of the
teaching tasks before class takes more time and effort when technology is used, others
(18) indicated the opposite; remarkably enough these are the same teachers who
indicated that using technology necessitates more time and effort for content coverage;
so again there are mixed reviews about whether technology requires more time and
preparation, but more teachers believe that no additional time or preparation is needed.
When using a digital tool, all teachers indicated that they always explain what they are
doing with the technological tool to benefit learning, however this is not applicable to
explaining to students how a used tool works; 29 teachers indicated that they "disagree"
with the fact that they explain how a used technological tool works. In that sense, most
teachers might find it unnecessary to explain how to use a tool or the students already
know how to use it knowing that some of the surveyed teachers are those of higher
elementary grade levels. This could also indicate that some teachers are not keen on the
significance of technology use.
Finally, when pedagogical knowledge (PK) is concerned, all teachers indicated
that they would modify their teaching practices to address student needs and knowledge

104

gaps as well as welcoming student interventions and questions as an important step for
learning.
Therefore, from both the observation and the survey, it was found that teachers
were generally using technological tools that were relevant to the topic at hand, and
similarly, that technology did not pose any form of distraction. The two instruments also
revealed that teachers did not give importance to explaining why a particular
technological tool was being used, nor did they explain how to use it. Results from both
instruments also coincided about teachers' confidence using technology. Most teachers
from the survey indicated that they are confident using technology, while the
observation also showed that the majority of the teachers were indeed comfortable using
technology.

III.

Connection to Literature
The purpose of this study was to examine the teaching practices that teachers

adopt when using technology and the role of technology in shaping those teaching
practices, as well as the teachers' TPACK characteristics. Data from this study was
generated from four distinct instruments; some findings coincided with results from
other similar studies discussed in the literature review, while other findings were
different from previous research.
Participant teachers from this study argued that constructivist learning
environments are maintained whether or not technology is being used. Nonetheless, this
aspect challenges Moersch's (1999) argument, which states that constructivist learning
environments grow with meticulous technology integration.
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Teachers' perspectives, in this study, reflect that constructivist teaching practices
such as collaboration, hands-on activities, and project-based work can be performed
without the use of technological tools. On the other hand, Honey and Moeller (1990)
found that teachers who use computers regularly, demonstrated constructivist practices.
Rakes, Fields, and Cox (2006) found that teachers who have solid technology
skills are more likely to adopt a constructivist teaching approach. Findings from this
study show otherwise. As a matter of fact, this study revealed that some teachers who
expressed unease or discomfort using technological tools were the same teachers who
had a higher frequency of constructivist practices such as hands-on activities and
collaborative work when compared to their counterparts who used technological tools
with more ease. This idea is not to negate the fact that other teachers who incorporated
technological tools also had constructivist practices. In five out of six cases, technology
was associated with promoting cooperative learning. But the main concern is that
constructivist practices are not dictated by the use of technology.
Furthermore, participant teachers in this study argued that technology integration
did not make them adopt learner-centered approaches. In other words, teachers did not
shift their practices from less learner-centered practices to more learner-centered ones,
because their teaching practices were mainly learner-centered before they started using
technology. The role of technology did not appear as a driving factor towards
constructivist reform in mathematics. These findings coincide with findings from
previous research. Ross, Gray, McDougall, and Bruce (2002) also found that teachers
adjusted technology to suit their teaching needs, but technology itself was not a driving
factor towards constructivism. Even though the teaching practices observed were mostly
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learner-centered, teachers argued that regardless of the presence of technology, their
teaching practices wouldn't have been any less learner-centered. Conversely, the classes
with rich technological tools were not characterized by more learner-centered features
than classes with less technological tools.
Teachers in this study agreed that technology encouraged student motivation and
enthusiasm for learning, which is also reflected in Somerindyke's (2001) findings about
student motivation and the use of technology.
Incorporation of technology in the classroom doesn't necessarily imply the ideal
use of technology. This was visible in several of the observed classes where
technological tools such as the interactive whiteboard was used as a display tool for
countdown and to display a certain task on another occasion. Although the use of
interactive technology has been associated with collaboration among students and higher
order cognitive skills, some teachers can still use technology in a transmission-style
teaching practice.
As discussed by Koehler and Mishra (2010), there hasn't been enough effort to
operationalize the TPACK framework as a way to address the use of technology in
teaching and learning. In this study, it was noted that the emergent knowledge
components from the TPACK framework were evidently not taken into consideration
when setting educational policies. While schools are budgeting to incorporate
technology, whether gaining membership in learning platforms or obtaining state of the
art technological tools, teachers' TPACK development continues to be overlooked.
During the observation, some teachers completely disregarded the available
technological tools, while others used those tools to their potential but in an isolated
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manner. An integrated focus on pedagogy, content, and technology was seen in less than
half of the observed cases. Hence teachers' professional development still needs to take
into account the framework as a whole.
As observed in this study, the teacher with the highest level of technological
knowledge did not exhibit any better TPACK development compared to other teachers.
In fact, the ability to use a variety of technologies did not necessarily result in the
effective use of technology to impact teaching. According to Kushner-Benson and Ward
(2013), high levels of technological knowledge (TK) alone is not sufficient for TPACK
development.
Moreover, as discussed by Firke (2011), technological pedagogical knowledge
(TPK) allows instructors to have better integration skills, thus involving students better
in the learning process. This was also portrayed in the results of this study where
teachers with high levels of TPK were explicitly selecting certain pedagogies and
technologies to support specific content.
Half of the observed teachers showed TPACK characteristics similar to the
teacher studied by Wetzel and Marshall (2011); the teachers used technological
pedagogical knowledge to direct student use of technology in ways that allowed the
class to run smoothly without losing time to technology related distractions. The focus
remained on learning the content area outcomes.
To conclude the above, this study showed that technology indeed promotes
student motivation for learning and provides communication opportunities among
students and teachers. This aspect does not apply to learner-centered teaching practices,
whereby such teaching practices can occur without using technological tools. Teachers'
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TPACK development continues to be overlooked; technological knowledge is viewed as
an isolated skill that teachers possess. In fact, isolated technology knowledge which is
not in tandem with pedagogical knowledge and content knowledge does not prepare a
teacher for having high TPACK levels.

IV.

Limitations of the Study
This study came across several setbacks. Primarily, the sample size of 3 public

schools and the respective number of teachers surveyed and classes observed form a
relatively small sample. The study was also confined to the province of Ontario which
makes it hard to make a general conclusion that incorporates all schools, especially
because other provinces have a different teaching language and fall under different
school boards. Another major limitation was the difficulty of access to a bigger number
of schools due to school safety concerns.
One major limitation would have to be the low ratio of responding teachers who
could not have been more encouraged to take part in the survey under school policies.
Of the 90 potential teachers to take the survey, only 43 teachers responded, slightly less
than 50%. Furthermore, those teachers who did take the survey refrained from
answering the final part of the survey with complaints about it being time-consuming.
This study also faced time constraints since it would have been ideal to observe the
teachers in their classrooms for a period longer than three sessions per teacher.
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V.

Implications for Teaching and Recommendations
The results of this study might be used for various purposes. Schools can benefit

from the results of the study and direct efforts toward teacher development, possibly in
more workshops for optimizing their teachers' TPACK qualities. Moreover, these results
can also give an idea to teacher candidates about the necessity of understanding that
non-situated technology knowledge or pedagogy knowledge in isolation do not equate
an ultimate TPACK profile.
Teachers and teacher candidates can work on their self-development through
their interaction with other staff members about recent and worthwhile technological
tools that work with students. As previously mentioned, technology is a dynamic and
versatile field, which can be tailored to different teaching and learning styles. For
instance, if a particular application or any other technological tool seems to have
positive feedback, other teachers can invest in it for enhancing students' learning
experiences and creating a positive attitude toward learning.
Technology companies can gain insight about the most popular types of
technological tools used and the way they are used in classrooms. This can help
particularly with the development of new technological tools dedicated to mathematics
teachers for instance. They can also enhance certain software to reach the most number
of teachers; which means that software and hardware developers can benefit by knowing
where to direct their efforts and what the teachers and students really need. The study
also revealed the least favorite types of technological tools used, hence they can take
these results into consideration in the future. Other tools might be used in ways that are
not directly designed for them; this is where the developers or technology companies
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can seize the opportunity at enhancing or coming up with new tools; or they can even
know how to better advertise for their product by having an idea of the way it's
potentially used in the classroom. On the other hand, district school boards who are
responsible for a school budget can also make a decision about what tools to give up or
allow in the future based on their popularity and functionality.

VI.

Perspective for Further Research
The same study can be conducted on a larger scale. Instead of having six

participant teachers, more teachers can be considered for future research. Observations
of teachers in classroom can be performed over longer periods of time. Also, videotaping and recording of the observations would be more helpful for analyzing the data,
especially on a larger scale. Furthermore, the questionnaires given to teachers in the
future should be concise so as not to deter teachers from participation.
While conducting this study, several ideas which need further research emerged.
It was noted that the two older teachers in the study had the least technological
knowledge; therefore, further research can be conducted on whether there is a
relationship between the age of the teachers and their technological knowledge.
This study focused on teaching practices and TPACK characteristics of
elementary math teachers, however, further research can be conducted in other subject
areas such as history or science. Moreover, grade levels other than elementary can be
studied. Kindergarten, which is play-based learning, as per the Ontario Curriculum, can
also be researched in terms of technology integration.
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The change in the complexity of technology use in relation to education as
students become more advanced users of technological tools is another topic that might
be examined in the future.
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APPENDIX A
Survey

Consent to participate in a
Survey/Questionnaire
Investigating Elementary Math Teachers' TPACK
Characteristics and Instructional Practices
I would like to invite you to participate in a research project by completing the following
questionnaire/ survey. I am a student at the Lebanese American University and I am completing
this research project as part of my thesis The purpose of this questionnaire / survey aims to
explore teachers' perception of the role of technology in shaping instructional practices.
Completing the survey will take 15 minutes of your time.
By continuing with the questionnaire / survey, you agree with the following statements:
1. I have been given sufficient information about this research project.
2. I understand that my answers will not be released to anyone and my identity will remain
anonymous. My name will not be written on the questionnaire nor be kept in any other
records.
3. When the results of the study are reported, I will not be identified by name or any other
information that could be used to infer my identity. Only researchers will have access to
view any data collected during this research however data cannot be linked to me.
4. I understand that I may withdraw from this research any time I wish and that I have the
right to skip any question I don’t want to answer.
5. I understand that my refusal to participate will not result in any penalty or loss of benefits to
which I otherwise am entitled to.
6. I have been informed that the research abides by all commonly acknowledged ethical codes
and that the research project has been reviewed and approved by the Institutional Review
Board at the Lebanese American University
7. I understand that if I have any additional questions, I can ask the research team listed
below.
8. I have read and understood all statements on this form.
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9. I voluntarily agree to take part in this research project by completing the following
survey/Questionnaire.

If you have any questions, you may contact:
Name (PI)
Farah Chaaban

Phone number
416-998-3144

Email address
chaaban.farah@gmail.com

If you have any questions about your rights as a participant in this study, or you want to talk to
someone outside the research, please contact the:
IRB Office,
Lebanese American University
3rd Floor, Dorm A, Byblos Campus
Tel: 00 961 1 786456 ext. (2546)
irb@lau.edu.lb

Questionnaire
The survey will be handed to the principal's office and once completed, kindly return
it there for collection.

Grade Levels Taught:

1. Please provide, in the first column of the following table, the names of
technological tools (software applications / packages / websites / communication
platforms)used in your class.
In the second column, please rate the effectiveness of each tool on a scale from 1
(lowest effectiveness level) to 5 (highest).
Please include, in the third column, the purpose for which you or the students use
each. You may choose from the following and just by just including the number,
or write your own:
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1.Make a search

8. Engage in activities

2. Practice computational skills

9. Find resources and ideas

3. Enhance problem solving skills

10. Store, send, or receive
information

4.Provide real-world problems

11. Promote communication among
students

5. Encourage cooperative learning
6. Promote higher-order thinking skills
7. Engage in educational games

Names of technological
tools

12. Programming / coding
13. Promote student-teacher
communication

Level of effectiveness
(1 to 5)

Purpose

2. Please mention, in the first column of following table, the names of technological
tools (software applications / packages / websites / communication platforms) that
you DON’T use in your teaching, but you know that they are useful for teaching and
learning, and you plan to use them in the future.
In the second column, please rate to which extent you think each tool is
effective, on a scale from 1 (lowest effectiveness level) to 5 (highest).
Please include, in the third column, the purpose for which you think each tool
can be used. You may choose from the same list above by just including the
number, or write your own.
Names of technological tools

Level of
effectiveness
(1 to 5)
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Purpose

2. Following is a list of possible uses of digital technology in teaching and learning.
Please rate them, in the second column, according to their level of importance for
your class.
Level of
importance
(1 to 14)

Purpose of Technology Use

Make a search
Practice computational skills
Enhance problem solving skills
Provide real-world (authentic) problems
Encourage cooperative learning
Draw or construct geometric figures
Promote higher-order thinking skills
Engage in educational games
Engage in activities
Provide resources for teachers and students
Store, send, or receive information
Promote communication among students
Programming / coding
Promote student-teacher communication

4. For each statement in the following table, please check the cell that most
corresponds to your level of agreement with the statement.
1 = Strongly
Disagree

2 = Disagree

3. Indifferent

When digital technology is used in my class,
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1

4 = Agree
2

3

5 = Strongly
Agree
4

5

I mostly use it for demonstration to students
My students frequently use it for hands-on
activities
I am more inclined to listen to students
Students ask more questions
Students are more inclined to express their
opinions and suggestions
I move more frequently around the class
I use questioning more frequently to
challenge students’ thinking
Students become more active participants,
not just listeners
I tend more to call students by name and
address them directly, individually or by
groups, rather than addressing the whole
class in a lecturing way
Students work more in groups
I ask students, more frequently, to explain
concepts or ideas to their peers
I use less lecturing
I use more inquiry methods and formulation
of discoveries by students
Students are more engaged
I focus more on students’ understanding
rather than recall of factual information
Students tend to talk more to their peers
I tend to talk less
I can ask students more challenging
questions
More time and effort are required for class
management
More time and effort are required for
content coverage
I think students learn better when they
actually use digital technology rather than
just watching the teacher using it
122

My role as a teacher changes
My teaching methods / strategies change

3. For each statement in the following table, please tick the cell that most
corresponds to your level of agreement with the statement, expressing your
opinion / attitude toward using digital technology in math classes
1 = Strongly
Disagree

2 = Disagree

3. Indifferent

1
I feel confident about using technology
tools while teaching.
During teaching, I frequently use
technology that is relevant to the topic at
hand.
When I feel the need, I can easily and
spontaneously change the technological tool
into one that is more relevant to the topic.
I frequently change the technological tools
that I use in class to new ones.
When using technology, I get distracted
from the original teaching task .
Distraction from the teaching tasks can
happen with, or without the use of
technology.
I search for ways to benefit from the special
features of technology to enhance students’
understanding of certain concept(s).
Prior preparation of the teaching tasks
before class takes more time and effort
when technology is to be used.
When I use a digital tool, I explain to
students why this particular tool is useful
for learning the math concepts.
When I use a digital tool, I always explain
to students what I am doing with the
technological tool to the benefit of learning.
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4 = Agree

2

5 = Strongly
Agree
3

4

5

When I use a digital tool, I always explain
to students how the used technology works.
I usually modify a teaching strategy to
address different students’ needs and
knowledge gaps.
I model for students the use of data-driven
decisions assisted by technology.
I believe that students’ questions and
interventions are important for their
learning.

124

4. Your answers to the following questions will be much appreciated
-How did / does the use of technology change your teaching strategies /
methods?

-

How did / does the use of technology in the class change the students’
relationship to the content? To knowledge?

-

How did / does the use of technology in the class change your role and
actions as a teacher?

-

How did / does the use of technology in the class change the students’ role
and actions as learners?

Thank you for your answers and participation in this study
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APPENDIX B
Interview
2. What are teachers' perceptions of the role of technology in modifying teaching approaches?
Following a prescribed list of open-ended questions, Grade 4 mathematics teachers from
Schools A, B, and C are asked to take part in an interview to examine their perception of the role
of technology and its impact on their teaching practices. The teachers to be interviewed are
known to have been using technology in their classrooms.

Interview questions

1. What software applications / packages/ websites / communication platforms do
you use for your math class? And for what purpose do you use each?

2. Are they useful and worthwhile? How?

3. What, in your opinion, are the software applications / packages that are useful for
the teaching and learning of mathematics, other than the ones you use?

4. Do you feel comfortable using technology in the math class?

5. Do you feel comfortable shifting to other or new technologies if needed?

6. Have you taught math, before, without using computer technological devices?
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7. How did / does the use of technology change the role of teacher and the role of
students in the math classroom?

8. Did your teaching strategies / methods change when you started using
technology?

9. How did / does the use of technology change the students’ relationship to the
content? To knowledge?

10. When did you rely more on students’ work, rather than on lecturing? Before, or
after adopting technology?

11. When using technology, do you ask students more, or less questions?
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APPENDIX C
Observation Rubric 1 (TPACK behaviors)
Time Interval (in minutes)
Teacher
Characteristics

0-5

5-10

10-15

15-20

20-25

The teacher is confident
about dealing with
technology tools
The teacher uses a
commonly known tool
that is relevant to the
topic at hand
The teacher
spontaneously changes
the tool into one that is
more relevant to the
topic
The teacher uses a new
tool that was not used
before in class
(observer asks teacher at
the beginning of each
lesson whether new
tools will be used, and
which ones)
The teacher exhibits a
form of distraction from
the task because of the
use of technology
The teacher exhibits a
form of distraction from
the task even when NOT
using technology
The teacher benefits
from the special features
of technology to
enhance students’
understanding of the
mathematical concept(s)
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25-30

30-35

35-40

40-45

45-50

50-55

55-60

The teacher has tasks
planned and prepared
ahead
The teacher is aware of
where students stand
conceptually (i.e.
teacher builds on what
students already know)
The teacher shows
ability to do what is
needed to guide students
through the next step in

an instructional
process
The teacher explains
why a particular tool is
critical for learning
certain mathematical
concepts
The teacher explains to
students what s/he is
doing with the
technological tool
The teacher explains to
students how the used
technology works
The teacher uses the
administrative abilities
of technology to guide
instruction based on
students’ assessment
The teacher modifies a
teaching strategy to
address different
students’ needs and
knowledge gaps
The teacher models for
students using datadriven decisions assisted
by technology
The teacher welcomes
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students’ questions and
interventions
The teacher encourages
students to do
mathematics as
mathematicians do
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Technologies used
(Next to each, indicate
the approximate
duration of use within
each time interval)

0 - 10

10 - 20

Technological device(s)
(hardware) used

(Indicate in the cells the
types of devices; e.g.
laptops, tablets,
projector, interactive
whiteboard, clickers,
calculators)
Software used (Indicate in
the cells the names of
software; e.g. Scratch,
Logo, etc.)
Online platforms used
(Indicate in the cells the
names of onlineplatforms;
e.g. Internet search,
Webquests, wiki, blogs,
etc.)
Websites used (Indicate in
the cells the names of
websites used; e.g.
Illuminations, Khan
Academy, A+ Click, Fun
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20 - 30

30 - 40

40 – 50

50 - 60

Brain, etc.)
Device used by Teacher
(T) or students (S)?
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APPENDIX D
Observation Rubric 2 (Instructional Practices)

Purpose of
Technology Use
(For each, indicate
the approximate
duration of use
within each time
interval)

0 - 10

10 - 20

20 - 30

Make a search
Practice
computational skills
Enhance problem
solving skills
Provide real-world
(authentic)
problems
Encourage
cooperative learning
Draw or construct
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30 - 40

40 – 50

50 - 60

geometric figures
Promote higherorder thinking skills
Engage in
mathematical games
Engage in activities
Provide resources
for teachers and
students
Store, send, or
receive information
Promote
communication
among students
Programming /
coding
Promote studentteacher
communication
Other
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Instructional
practices
(For each,
indicate the
approximate
duration of use
within the time
interval)

0 - 10

10 - 20

20 - 30

Teacher shows
willingness and
inclination to
listen to students
Students are
encouraged to
ask questions
Students are
encouraged to
express their
opinions and
suggestions
Teacher moves
around the class
Teacher proceeds
by frequent
questioning to
challenge
students’
thinking
Students are
active
participants in
constructing their
knowledge, not
just listener
Teacher calls
students by name
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30 - 40

40 – 50

50 - 60

and addresses
them
individually or
by groups
Students work in
groups
Students are
asked to explain
concepts or ideas
to their peers
Teacher lectures
to transmit
knowledge that
is pre-defined
Teacher
promotes inquiry
and formulation
of discoveries by
students
Students work on
a hands-on
activity
Teacher
promotes recall
of factual
information
Students take
notes while
teacher talks
Duration of
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teacher talk
Duration of
student talk
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