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Technology and mathematics have always existed in a symbiotic relationship, circled
each other, the demands of one pushing the development and novel implementation of the other.
While this relationship is accepted in science and engineering, integration of digital technology
into the mathematics classroom has not been as accepted as one would expect

In 1985 graphing calculators were introduced into classrooms with great fear that
students would lose their ability to calculate and graph by hand (Tirosh & Graeber, 2003). The
fears were unfounded and later research found that access to calculators had a positive effect
on student problem solving when the curriculum was designed to leverage teacher pedagogical
and content knowledge to incorporate the affordances and constraints of the tool (Kastberg &
Leatham, 2005).

In the intervening years, the importance of the effective use of technology in the
mathematics classroom has been firmly established (“Principles to Action”, 2014; NCTM,
2011). The National Council of Teachers of Mathematics position on the role of technology in
the teaching and learning of mathematics posted to the NCTM website states:

“It is essential that teachers and students have regular access to technologies that

support and advance mathematical sense making, reasoning, problem solving, and

communication. Effective teachers optimize the potential of technology to develop
students' understanding, stimulate their interest, and increase their proficiency in
mathematics. When teachers use technology strategically, they can provide greater

access to mathematics for all students” (NCTM, 2011).

In Virginia, the NCTM position is embodied in technology standards for students and

teachers. The standards of student skills have been defined by the Contents of the Virginia
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Computer Technology Standards of Learning (Board of Education, 2013). Students are expected
to be able to gather data,hate and use models and simulations, and apply knowledge skills to
generate innovative ideas and solutions. For teachers, the Virginia Administrative Code
(Technology Standards for Instructional Personnel of 1998) addresses the skills and knowledge
that teachers should have to be able to effectively use technology in the classroom and in
professional practice. The standards for teachers include the use of technology for data
collection, information management problem solving, and planning and implementation of
lessons that integrate technology to meet diverse learners’ needs.

In spite of the near universal calls for the integration of technology into classrooms and
overall improved access to computer technology in schools, teacher surveys show that use and
integration of computer technology in classroom activities is actually in de. (Wachira &
Keengwe, 2011). The challenges that teachers face when trying to integrate technology into their
classrooms include continuing lack of resources for some, teacher beliefs and attitudes about
using technology in teaching, and lack of training (Kastberg & Leatham, 2005; Koehler &
Mishra, 2009).

Teachers daily navigate a complex environment driven from above by mandates and
standards in their classrooms. Ultimately it is their knowledge and beliefs about technology that
determines how or if they will use technology tools in their teaching practice.

Teacher Knowledge

Technology has potential to enable dynamic modeling leading to more constructive and

experimental forms of mathematics and allow learners to explore and investigate context to

deepen understanding and provide insight into mathematical concepts (Van Wert, 1998). In order




to harness the affordances that technology may provide, teachers must possess a particular set of
knowledge and skills.

To assess what constitutes teacher knowledge in relation to technology use in the
classroom, Mishra and Koheler (2006) incorporated content knowledge (CK), pedagogical
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knowledge (PK), and technological knowledge (TK) into the technological pedagogical content .

in which the three forms of knowledge and the relationships among and between them are
brought to bear when teachers integrate technology into their classroom environments.
Interaction among these forms of knowledge is evident when teachers successfully synthesize
these competencies to implement technology based learning environments (Chen, Huang, &
Chang, 2013, Drijvers, 2013).

Schulman (1986) originally introduced the conceptual framework of pedagogical
content knowledge (PCK) as a way to discuss and define the ways in which content
knowledge (CK) and pedagogical knowledge (PK) are intertwined and interdependent in
effective teaching practices. Using Schulman’s original work, Misra and Koheler (2006)
expanded the concept to include technological knowledge. They argue that the development of
the model was necessary in part because the original PCK model could not foresee the impact
that technology would have on classrooms and teacher practice. More than a source of
curriculum content, technology in the classroom fundamentally changes the relationship
between CK and PK. It is at the boundaries of the three forms of knowledge that the greatest

complexity occurs. The TPCK framework allows not only for a way to operationalize the
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When TPCK integration is manifest in a classroom, technology can be used to aid in
the development of students’ representational fluency. Technology vastly increases the
availability of multiple representations in type and variety that can be adapted to the teachers’
and the students’ needs over time (Koehler & Mishra, 2009). TPCK allows the teacher to
configure the interaction in a way that students can explore and reflect on the connections
between actions and changes in the repr.ation. An environment that requires students to
move among multiple representations of the same concept is more likely to provide cognitive
support for the development of representational fluency (Zbiek, Heid, & Blume 2007). In
order for this to occur the learning environment must provide “rich sets of actions that will
expose underlying invariances and thus enable the student to heave a flexible and enduring
web of mathematical meaning” (Kaput, 1989, p. 180).

As teachers engage their knowledge and skill to implement technological tools into the
classroom, the tool can become symbol for, and a repository of, cumulative and shared
knowledge. Instru 1 genesis is the ability to use technology as a tool to build and support
mental schema. When instrumental genesis is in play the tool allows for not only the
completion of a task, but also a deeper conceptual understanding (Drijvers, 2013). While
deepening conceptual understanding may be teacher’s ultimate goal, technology also allows
for exploration of content in ways that can exceed both the teacher’s and the student’s skills
and understanding (Hegedus & Moreno-Armella, 2011). This very provocative circumstance
bears deeper study but is beyond the scope of this paper.

In light of the nature of TPCK it comes as no surprise that for a professional
development program that involves technological tools to have lasting change practice it must

do more than simply present a new tech tool to the teacher. Research indicates that when new
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technology skills were introduced and teachers were also given the opportunity to explore
ways to incorporate the tool into their mathematics instruction, both teacher content
knowledge and technological skills increased. The greater the increase in technology skills, the
more likely teachers were to use technology in their classrooms (Hartsell, Herron, Fang, &
Rathod, 2009).

Teacher Beliefs

While knowledge and skills are essential to the successful implementation of
technological tools in the classroom, implementation won’t happen at all unless a teacher
believes in t].rpose of the tool, and the tool’s ability to support teaching and student learning
(Kastberg & Leatham, 2005).

Beliefs differ from knowledge in that beliefs are felt to be true and knowledge is viewed
as “belief with certainty” (Clement as cited in Philipp, 2007, p. 266) When considering teachers’
beliefs about technology integration is is important to keep in mind that in the classroom beliefs
are bound to the activities and cultural contexts in which they are found (Brown as cited in
Philipp, 2007).

Though fear of technology has been identified as a possible reason for low technology
integration (Mishra & Koehler, 2006), research suggests that teachers’ underlying beliefs and
confidence in their ability to use technology may be more salient drivers. Wu, Chang, and Guo
(2008) found that ease-of-use was n.predictor of teachers’ use of technology in their
classrooms. Instead, perceptions of usefulness for improvement of teachers’ performance and
student learning, and strong computer self-efficacy were found to significantly increase the
probability of technology integration. Perceived usefulness to improve teacher performance and

student learning and strong computer self-efficacy (confidence in one’s ability to use computer
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skills to execute a task) were found to predict the likelihood that science teachers would use IT in
their classrooms (Wu, Chang, & Guo, 2008)

Earlier research also indicated that when the opportunity to develop lesson plans was
combined with training on a technology positively impacted teachers’ attitudes toward the use
of technology in their classrooms and had a positive effect on teachers’ acceptance of
technological advances in their classrooms (Hardy, 2004 Trosh & Graeber, 2003). And
though attitudes are more transitory than beliefs (Philipp, 2007), there is no doubt that they
contribute to a teacher’s overall perception of the value of technological tools.

Conclusion.

The perception of the usefulness of a technology tool is bound by a teacher’s ability to
integrate the tool as only one of many means to present concepts and applications. The
interaction between technology and content both affords and constrains the types of ideas that
can be taught (Koehler & Mishra, 2009). An understanding of these affordances and
constraints can only empower a teacher who has well-developed content knowledge and
pedagogical knowledge.

While high degrees of technological-agogical content knowledge are necessary for
a teacher to successfully implement the use of technological tools in their classroom,

implementation itself appears to be heavily dependent upon the teacher’s belief systems.
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