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Abstract

Lesson planning and presentation are regarded as an effective method that
allows pre-service teachers to gain experience in the instructional processes
and improve teaching skills. Lesson Portfolio and Presentations, not only is uti-
lized as a method for increasing the quality of a teacher’s education, but also
used to research the Technological Pedagogical Content Knowledge (TPACK)
framework. The purpose was to investigate changes in pre-service teachers’
TPACK from their lesson portfolio and presentation practices conducted un-
der the TPACK framework. The participants are 22 third-year pre-service
teachers. An analysis was performed based on specific concepts from the
projects, which had been developed to reveal the changes in pre-service teach-
ers’s TPACK components. Content analysis was used to analyze the observa-
tion forms, self-evaluations, videos and interviews. The study’s findings indi-
cate that pre-service teachers use GeoGebra tools to attain what they had spe-
cified in their instructional plans. When considered in terms of the TPACK
components, pre-service teachers made noticeable progress.

Keywords

Technological Pedagogical Content Knowledge, Mathematics Education,
Lesson Presentation, Pre-Service Teacher, Technology Integration GeoGebra

1. Introduction

In Pedagogy Courses, PST's are often asked to create a lesson plan and present it
to their peers in class, with the presenting PST playing the role of teacher, and
the others playing the role of their students. Accordingly, we asked every PST in
an integrated course to present such projects twice over the course of the seme-
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ster, each time creating and presenting a lesson that made use of GeoGebra soft-
ware. In assessing the PSTS’ projects, we wished to determine: a) how the projects
reflected the PSTs” mastery of the mathematical content; b) how they reflected
their pedagogical knowledge; c) how they were choosing to integrate the Geo-
Gebra software into their lesson. We used the students’ projects, in conjuction
with a variety of other research tools, to assess the extent and manner of the
PSTs’ integration of GeoGebra into their teaching. A vast literature on this sub-
ject provides a broad scope of theories, methods, and interpretations related to
the educational potential of technologies to aid mathematics instruction.

In our study, we focus on integrating GeoGebra (mathematics teaching soft-
ware) during a Pedagogical Course and assess its integration in Pre-Service Tea-
chers’ teaching concepts projects.

As technology becomes more widespread in education, new technological tools
guided educators’ research methods, practices, and questions, particularly ma-
thematicians (Artigue, 2002). The use of technological tools is significant, espe-
cially in ensuring the visualization of mathematical concepts (Metaxas & Kara-
giannidou, 2010), and allows multiple representations of mathematical concepts
(O’Callaghan, 1998). With technology use becoming popular in mathematics
education, the mathematics curricula of several countries have emphasized the
necessity and importance of mathematical instruction through technology. Inte-
grating computer-assisted education with mathematics education depends on
numerous factors such as a school’s technological infrastructure, whether it has
the required educational software and student/teacher resources, students’ and
teachers’ attitudes towards technology, and teachers’ education. Teacher educa-
tion is considered the most crucial element for accurately integrating technolo-
gical tools within the instructional process, and some research has focused on
this (Lawless & Pellegrino, 2007). Indeed, teachers can integrate technological
tools accurately and efficiently by understanding the pedagogy of using these
tools and using them according to the class (Harris et al., 2009). In the literature,
teachers’ knowledge of technological pedagogy (i.e., how a concept is learned
and taught using technology) is defined as Technological Pedagogical Content
Knowledge (TPACK) (Niess, 2005).

TPACK is the interaction and intersection of technological, pedagogical, and
content knowledge (Koehler, Mishra, & Yahya, 2007; Mishra & Koehler, 2006).
Taking pedagogical content knowledge as the base, TPACK involves different
components such as instructional strategies and knowing how to assess/evaluate
and understand students and the curricula (Angeli & Valanides, 2009).

The information structures described in the TPACK model define diverse
types of technological integration and provide a basic theoretical construct.
TPACK’s construct aims to help develop better techniques that define how theo-
retical information on technology can be put into practice. Studies have concen-
trated on investigating teachers’ knowledge and competences using the TPACK
framework (Angeli & Valanides, 2009; Mishra & Koehler, 2006). Teachers are
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said to come to a better point in understanding technological integration’s level
of potential when they gain the necessary practicality (Harris et al., 2009). Teach-
ers need to consider all components rather than just one aspect so that instruc-
tion can be performed by simultaneously combining technological, pedagogical,
and content knowledge in the TPACK construct. According to Harris et al. (2009),
teachers should be able to navigate through content, pedagogical, and technolo-
gical knowledge and their complex relations within specific contexts.

To sum up, providing teachers with technologically equipped classrooms, access
to technology, and positive attitudes under the technological integration model
will not guarantee technological integration in classrooms. In addition to good
content, technological, and pedagogical knowledge, integrating the knowledge
and performance of practical applications is vital for achieving technological in-
tegration. As mentioned above, TPACK requires thinking about this knowledge
in multiple ways, not just one. Hence, as stated by Niess (2005), Pre-service teach-
ers need a well-developed information base and the ability to apply the subject to
related areas.

Lesson presentations, utilized as a method for increase the quality of teacher
education, have also been used in TPACK research studies (Cavin, 2007; Cavin
& Fernandez, 2007; Kafyulilo, 2010; Tagar & Timur, 2010). Lesson presentations
are regarded as an effective method that allows pre-service teachers to gain ex-
perience in instructional processes (Gorgen, 2003) and improve teaching skills in
environments similar to real classrooms (Kpanja, 2001). Through Lesson pres-
entations, pre-service teachers gain experience by observing other pre-service
teachers’ instruction alongside their own (Gorgen, 2003).

According to the TPACK model, teachers need to have a general knowledge of
pedagogical content and technological subjects and understand the interactions
and relations among these knowledge types. For this cause having relative know-
ledge and skills is not enough on its own for being an effective teacher of tech-
nological use (Koehler et al., 2007; Mishra & Koehler, 2006). According to
Koehler et al. (2007: p. 741), “At the heart of TPACK is the dynamic, transac-
tional relationship between content, pedagogy, and technology. Good teaching
with technology requires understanding the mutually reinforcing relationships
between all three elements taken together to develop appropriate, context-speci-
fic strategies, and representations.” This approach addresses the TPACK theo-
retical model in pre-service education, whereas emphasizing the importance of
Lesson presentations allows for developing strategies and presentations specific
to the learning environment. When reduced to content, pre-service teachers
should have an extensive understanding of TPACK to teach mathematics.

In studies in the literature investigating the effect of Lesson presentations on
teachers/pre-service teachers’ TPACK in the literature, pre-service teachers have
been revealed to acquire an awareness of the details necessary for performing in-
struction with technology, how to use traditional instruction methods along with

technology in student-centered learning environments, and how Lesson presen-
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tations positively impact their general TPACK development (Cavin, 2007; Cavin
& Fernandez, 2007; Kafyulilo, 2010). However, in the literature, content seems to
be generally neglected in terms of technological pedagogical content knowledge
and applications that pre-service teachers are to be provided with. Based on this
consideration, this research can fill a gap in the field by examining pre-service
mathematics teachers’ change in TPACK from Lesson presentations practices
and providing suggestions along a theoretical framework integrated with the as-

pect of the content.

2. Literature Review: Measuring Technology Integration in
Education

Teaching Concepts in Practice: Although researchers recognize the potential of
having students use computers for exploring mathematics, many teachers have
not incorporated technology beyond the use of standard calculators (Zbiek, Heid,
Blume, & Dick, 2007). Research also shows that although many math teachers re-
port that they integrate technology, most often report low technology usage and
minimal use of drill-and-practice software (Purcell et al., 2013). High-level tech-
nology use is typically associated with student-centered or constructivist prac-
tices (An & Reigeluth, 2011). Technology-related classroom management is a
challenge for pre-service teachers and in-service teachers (Hew & Brush, 2007;
Lim et al., 2003).

Procedural Knowledge vs. Conceptual Knowledge: Ma’s (2010) and other
researchers observed that teachers focused on teaching rules and procedures in
math. Teachers in countries whose students get higher math scores spent more
teaching time making connections between math topics and concepts. Researchers
have documented the same limited content knowledge among pre-service teach-
ers (Ma, 2010; Philipp et al., 2007).

As technology evolves, there is an increasing demand for teachers to develop
technology-based lessons appropriate to 21%-century skills. Thus, pre-service
teachers must be trained and master the practical content knowledge and the

pedagogical skills needed to integrate technology in mathematic lessons.

3. TPACK Components’ Importance in Mathematics
Teaching and Learning with GeoGebra

Why GeoGebra

Every option is more focused than the other in different aspects of math in
secondary education. GeoGebra have advantages in manipulation of Geometry
that easy presentation and exploration of Geometric Concepts and examples

In Israel The Israeli ministry of education has no unified policy regarding
preference to specific educational aids, but the use of the said program is rec-
ommended due to the following:
e GeoGebra software program is known in Israel and has been found appro-

priate for Math teaching, The High school Teachers organization publishes
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GeoGebra based lessons, The program is also in everyday use in Arabic
speaking countries, the program is commonly used by teachers and lecturers
of the Israeli Arabic sector.

GeoGebra and multiple representations of concepts:

Using multiple representations in math teaching emphasizes various aspects
of the same concept, can actualize a more conceptual understanding of students
through different learning styles (Berthold et al., 2009; Mallet, 2007). One of the
advantages of GeoGebra it’s the multirepresentation of concepts possibilities.
But, studies on multiple representations highlight that, when the use of technol-
ogies in instruction is not planned carefully, they may pose an impediment to
learning instead of supporting it (Berthold et al., 2009; Mallet, 2007). In these
respects, the importance of pre-service and in-service teacher education on the
efficient use of multiple representations in teaching becomes apparent. Teachers
and pre-service teachers, as educated individuals, can efficiently teach multiple
representations by providing them with technological facilities that support their
conceptual understanding.

GeoGebra and student difficulties regarding concepts and students mis-
conceptions:

Developing conceptual understanding, being a primary concern of mathematics
education, can be challenging to achieve because the strength of the prerequisite
relationship affects interpretation, and a student who has difficulty/misconce-
ptions with a concept can have difficulty succeeding later on in related concepts
(Yetkin, 2003). Therefore, these difficulties need to be eliminated right away
when identified among students (Duval, 1999). Structuring an efficient learning
environment has been suggested for eliminating student difficulties. By using
technology, many concepts can be visualized through multiple representations,
positively supporting conceptual learning and mathematical thinking, thus ad-
dressing the difficulties students frequently experience (Selden, Dubinsky, Harel,
& Hitt, 2003; Yerushalmy, 1991). Meanwhile, handling student difficulties effi-
ciently with technology is possible by providing this knowledge and skills to
teachers and pre-service teachers.

GeoGebra and the methods and strategies for concept teaching:

The methods used in mathematics teaching include direct instruction, ques-
tion & answer; discovery; discussion; instruction through analysis and demon-
stration; instruction using scenarios; and instruction using games, projects, co-
operative learning, and problem-solving. Using technological aspects to shape
the composition of instructional methods and strategies addressed within peda-
gogical content knowledge (Shulman, 1986) is essential. Considering that tech-
nology has become an inseparable part of education (and more specific instruc-
tion), how the component of instructional strategies and methods should be
handled in the presence of technology, how the presence of technology shapes
these strategies and methods, and the role of the teacher in this process are all

very critical for efficient education and instruction. Aside from providing ap-
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propriate strategies and methods for ensuring students’ meaningful conceptual
learning, appropriate technologies should also be used for an effective process.
In this context, a teacher’s preferred strategy/method can impact how, for what
purpose, and at what level technology is used (Hughes, 2005). For instance, teach-
ers who adopt a presentation as a method can use the technology at hand to this
end. Thus for students’ conceptual learning, pre-service teachers and in-service
teachers need also to use technological tools to establish the relationships among
concepts or representations by utilizing various tools. Because technology-usage
levels and purposes are influenced by preferred instructional methods/strategies,
those in pre-service and in-service teacher education need to be provided with
these usage levels and knowledge.

Geogebra and concept assessment-evaluation:

Paralleling the changes in curricula, instructional methods, and techniques,
assessment, and evaluation styles have also seen changes. In recent years, two
different assessment types (i.e., summative and formative) have been debated (Lin-
chevski, Kutscher, & Olivier, 1999). While summative assessment-evaluation is
used for ranking students according to specific criteria in order to identify those
who have completed a given instructional process (Bloom, Hastings, & Madaus,
1971), formative assessment-evaluation aims to monitor students’ progress within
the instruction to ensure adjustments in teaching and learning following stu-
dents’ failures or successes (Gronlund, 2006).

Knowledge and skills on assessment-evaluation have come into play when use
GeoGebra. Technology research has shown assessment and evaluation to be ig-
nored (Kissane, Bradley, & Kemp, 1994). Considering its summative and forma-
tive aspects, TPACK emphasizes how assessing/evaluating technological tools
should be done. Because students shape their learning styles by how they are as-
sessed and evaluated, having students be evaluated through the learning outputs
of ordinary teaching unassisted by technology is insufficient for the end of tech-
nology-assisted teaching. Evaluating students who are taught with the help of
technology should be addressed in pre-service and in-service teacher's educa-
tion.

Teaching concepts on the curriculum using GeoGebra: Curriculum know-
ledge is handled under pedagogical content knowledge (Park & Oliver, 2008).
This knowledge offers guidance on how deep and how far to address the con-
cepts being taught (Rasinen, 2003). The depth to which a concept should be
taught is essential, especially in terms of teachers in-class decisions and insight
into what students need to know about the concept being taught for the aca-
demic year and the years ahead (Magnusson et al., 1999). Several studies on ma-
thematics teaching have drawn attention to the vital role of depth in teaching
concepts (Stump, 2001). Teaching Concepts knowledge becomes even more
critical when integrating technology. Many studies have argued that addressing
advanced conceptual relations in simple concepts mainly affects how advanced

concepts are handled. Teachers superficially utilize educational technologies,
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and students actualize low-level learning when instruction is neither in-depth
nor diversified enough for them to succeed (Groff & Mouza, 2008; Levin & Wad-
many, 2008). The systematic exclusion from the curriculum of application ex-
amples on educational technologies in teaching indicates a significant problem.
The concepts addressed in mathematics education studies have often been ob-
served outside the curriculum (Metaxas & Karagiannidou, 2010). Based on this
point, emphasis should be placed on teachers and pre-service teachers to not
perform activities in technology-assisted instruction that exceeds the curriculum;
otherwise, this situation can cause failure in pre-service and in-service teachers’

educational learning outputs.

4. Research Aims

Conceptual Framework of the Study

According to Ozmantar et al. (2010), the components of pedagogical and math
knowledge, listed below, are examined within the context of the GeoGebra pro-
gram:

1) Multiple representations of concepts

2) Identifying and addressing students’ difficulties and misconceptions re-
garding the new concepts

3) Using built-in methods and strategies to teach concepts

4) Using tools enabling concept assessment

Research Questions

1) How, if at all, do the PSTs use GeoGebra to teach Concepts using multiple
representations of a concept?

2) How, if at all, do PSTs use GeoGebra as a means of deriving student diffi-
culties from misconceptions?

3) How, if at all, do PSTs use GeoGebra’s concerning methods and strategies
for concept instruction?

4) How, if at all, do PST's use GeoGebra to assess student learning?

5) How, if at all, do PSTs integrate the use of GeoGebra in teaching concepts
across all the curriculum?

Participants and Method

The research participants were 22 PSTs in years second - fourth enrolled in an
undergraduate mathematics teaching certification program at Sakhnin College.

The study focuses on how the PSTs’ skills in Content, Pedagogy, and Tech-

nology Integration were reflected in their projects.

5. Process

During a standard pedagogical course, a portfolio is usually prepared to contain
the programmed class, the strategy to be used, as it connects to the annual pro-
gram.

In these courses the microteaching (Lesson presentation) procedure was used.

The course adapted the instruments used in the previous courses with specific
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changes and additions. First, the other teachers gave feedback using an dedicated
observation form The process of analyzing the projects was extended, and the
instructor interview and the use of the video were added.

GeoGebra also allows us to see the log of the scheduled class.

In the second half of the course, each PST performed a second project, un-
derwent the same procedure.

Main Research Tools

We asked every PST in the integrated course to present such projects twice
over the semester, creating and presenting a lesson using GeoGebra software.

The tools are a combination of qualitative tools (Voogt et al., 2012).

Tools: observation form, video recordings, interviews, lesson plans, self-assess-
ment form, and GeoGebra files.

Observation form

Each PST project presented was evaluated within the context of TPACK by
the other PSTs [peer evaluation] using an observation form. This measure was
taken to increase the effectiveness of the project.

Project videos

Each project was recorded by two mobile-phone cameras, one focusing on the
presenter’s communication and the other on his/her lecture. The videos were
recorded to examine the change(s) of each PST along the TPACK axis and to
enable everyone to review their project videos, so they could self-evaluate more
objectively and in more detail.

Self-evaluation form

The PSTs examined their peers’ evaluations using the observation forms and
project videos. They completed a self-evaluation form, which was used to ensure
that they would see their instruction in a more detailed and focused way by ob-
serving and judging their instruction. The self-evaluation form contains ques-
tions in the same areas as the observation form, with the additional requirement
of evaluating the general ways and limits that technology offers for instruction.
This form comprised more than 20 items that were created by re-shaping the
observation form to enable self-evaluation. For example, the following questions
were asked regarding GeoGebra and the methods and strategies in concept in-
struction:

1) Which methods and strategies did you prefer to use in your instruction?
Please explain your reasons in detail.

2) To what purpose and level were you able to use GeoGebra for your pre-
ferred methods and strategies? Please explain how the purpose and level of use
affected your instruction and what you would change?

3) How did the GeoGebra affect your chosen methods and strategies? Please
explain your reasons in detail.

Interviews

The PSTs were interviewed personally on the topic of their project self-evalu-

ation. The interviews were conducted face-to-face so the PSTs could explain
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and/or clarify aspects of their self-evaluations that were unclear or required in-
terpretation.

Instructional plans

The PSTs prepared their instructional plans according to the goals they had
set for their projects. Each was given a specific instruction-plan format. After
their first projects (end of the Introductory GeoGebra section), each of the PST's
examined the evaluations made by their peers on the observation forms and
watched their project video. They then wrote a self-evaluation based on the
same TPACK components appearing in the observation form.

The PSTs revised their instructional plans parallel to their self-evaluations af-
ter the first project presentations and submitted the revised instructional plans

for their second projects.

6. Findings

The findings will be divided according to the research questions presented above.

How;, if at all, do the PSTs use GeoGebra to teach Concepts using multiple
representations of a concepfl

In the first project, the rate of GeoGebra usage in different representations
was found insufficient.

In the second project Participants increased the specified representations and
the extent to which GeoGebra was used. The semi-structured interviews with the
PSTs concerning the self-assessments of their first project revealed that most of
them did not benefit from GeoGebra’s tools for interrelating representations.

How, if at all, do the PSTs use GeoGebra as a means of deriving student
difficulties from misconceptions?

The PSTs’ lesson plans of their first projects, including references to objec-
tives, difficulties, misconceptions, errors, and interrelations, reveal uncertainty.
The methods used to address these concepts in practice, and the fact that most
participants did not benefit from the computer software when planning their
first project are also intriguing.

A review of the PSTs’ first and second projects shows that most of them can-
not make efficient use of the computer software to overcome student difficulties.
Although most PSTs acknowledged the computer software as being convenient
to this effect, the fact that most of the PSTs focused on graph difficulties when
discussing their second projects suggests that difficulties addressed regarding the
software type might have been limited.

Another intriguing finding in this context is that the PSTs did not consider
the potential problems students might face in GeoGebra use.

How; if at all, do the PSTs use GeoGebra's concerning methods and
strategies for concept teaching?

In examining the methods and strategies preferred by the PSTs in their les-
sons, the results reveal no significant change in the tools they used between their

first and second projects.
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PST’s uses more than one strategy in their projects.

The most preferred methods and strategies used by PSTs included learning by
discovery, directed teaching, discussion, questioning, and interaction, brains-
torming in both their first and second projects.

Analysis of the levels of the PSTs” integration of GeoGebra n their methods
and strategies showed that increased in the second projects, probably due to the
PSTs’ exposure to their peers’ assessment and their self-assessment of their first
project.

How, if at all, do PSTs use GeoGebra to assess “student’ learning?

PSTs used different assessment tools for different purposes in their first pro-
jects. What drew my attention was that only six pre-service teachers used Geo-
Gebra in the assessment-evaluation process.

Most participating PSTs had integrated technology and formative assessment-
evaluations into their second (final) projects.

The analyses examined in-depth how the PSTs used computer software and
assessment-evaluation tools in their instructional plans for formative and/or
summative purposes during the work on their personal projects, and how they
benefited from the technology in this stage.

We can sum up that; in an examination of the assessment-evaluation tools
used by the PSTs and their purposes; it appears that the main benefit the PSTs
derived from learning to use the technology was the use of formative methods in
their assessment-evaluation processes for the second projects.

How, if at all, do the PSTs integrate the use of GeoGebra in their teaching
concepts across all the curriculum

The PSTSs’ first projects and lesson plans show that most of them tend to pre-
fer goals involving the curriculum statement: “information and communication
technologies can be benefitted from.” I also found that the PSTs did not present
the objectives they had initially set for using GeoGebra for concept teaching and
multiple concept representations. Analysis of the goals stated in the lesson plans
the PSTs made for the first projects revealed that eight PSTs appear to have mis-
takenly included activities in their projects above the relevant grade/age-group

targeted by the curriculum.

7. Discussion

Teaching Concepts with GeoGebra

How, if at all, do PSTs use GeoGebra to teach Concepts using multiple
representations of a concepfl

Examining the PSTs’ lesson plans for the first projects showed that, though
many participants used different representations, most did not interrelate them.
In contrast, inter-relations between representations are an essential aspect of
understanding the subjects conceptually.

An examination of peer- and self-assessments shows that the participants had

devoted enhanced efforts to the issue of interrelating representations in the
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second project.

Considering this study outcome, one could say that the PSTs did not derive
much benefit from this component of GeoGebra, especially about interrelating
representations.

How;, if at all, do PSTs use GeoGebra as a means of deriving student dif-
ficulties from misconceptions?

An examination of PSTs’ lesson plans for the first projects reveals that they
could not distinguish between conceptual and mental errors or misconceptions.
Also, most of the participants did not benefit from the computer software to
plan how to address these concepts is intriguing. PSTs’ knowledge of these con-
cepts is essential; only with this knowledge will they develop productive and
useful strategies for readdressing students’ understandings (Bingolbali & Ozman-
tar, 2009).

The only possible conclusion is that the PSTs should be provided with envi-
ronments where they can select the appropriate software to overcome concept-
related difficulties that prevent them from making optimal plans.

How, if at all, do the PSTs use GeoGebra's concerning methods and
strategies for concept instruction?

The most frequent instructional methods and strategies used by PSTs in prac-
tice for both the first and second projects were: discovery, directed teaching,
discussion, questioning, and interaction, brainstorming. Data analysis shows the
PSTs made progress in integrating technology to develop specific skills, using
GeoGebra software and its various useful tools.

The participants’ progress was shown by an increase in the number of Level 3
activities performed in their second projects, affected by inputs received em-
ploying peer- and self-assessments of the first projects. According to Hughes
(2005), achieving transformation and quality learning through technology is
possible when technology is used at the third level, alongside appropriate me-
thods and strategies. The fact that the participants started to use technology
more efficiently is a significant indicator of progress in this component.

How, if at all, do PSTs use GeoGebra to assess/evaluate student learning?

Analysis of data obtained in the context of TPACK’s assessment-evaluation
component revealed that the PSTs improved their skills in locating relevant in-
formation of various GeoGebra tools used for assessment-evaluation and using it
in technology-assisted environments for formative and/or summative purposes.
The PSTs’ lesson plans for their second projects show that their use of multiple
assessment-evaluation tools according to their different purposes was quite re-
markable.

How;, if at all, do PSTs integrate the use of GeoGebra in their teaching
concepts across all the curriculum?

Analysis of the data gathered by qualitative methods indicates that PST's tend
to prefer specific curriculum contents involving the statement “information and

communication technologies can be used” to achieve technological integration.

DOI: 10.4236/ce.2020.1110138

1900 Creative Education


https://doi.org/10.4236/ce.2020.1110138

N. Assadi, W. Hibi

PSTs did not present the objectives set for GeoGebra use as part of their lesson
plan for the concept they had reflected on, nor for concepts of multiple repre-
sentations and misconceptions. Thus, generally speaking, the PSTs identified
some newly-acquired skills while addressing curriculum-related attainments.

A review of the study’s application of process contents reveals the importance
of investigation and discussion of methodology: how attainments on the vertical
axis are taught to a specific grade/age-group. The outcome shed light on is the
lack of materials used in technology-assisted mathematics teaching designed ac-
cording to the curriculum. By including technology in the process, teaching and
learning are fundamentally altered (Kieran & Drijvers, 2006). These leads teach-
ers in the field and the research participants to use available resources as Geo-
Gebra Applets.

In our case, some PSTs pointed out the lack of activities aimed at practicing
the use of GeoGebra to support instruction, either within the program or in the
course materials. They claimed that they could not create efficient projects be-

cause they did not use any GeoGebra resource (applets, worksheets, etc.).

8. Conclusion

Consequently, the pre-service teachers used technological tools to achieve the
goals they specified in their instructional plans. When considered within this
study’s TPACK framework, the findings show the pre-service teachers to have
made noteworthy progress along the axis of TPACK components. Efficient Les-
son presentations practice plays a significant role in this progress:

1) Allowing pre-service teachers to monitor their in-class performance
(Wakwinji, 2011),

2) Allowing them to gain experience on what to do or not do when instructing
in real classroom settings (Marulcu & Dedetiirk, 2014),

3) Allowing other participants to monitor and evaluate,

4) Enable self-evaluation (Fernandez, 2005; Kpanja, 2001; Peker, 2009)

These indicate the shortcomings and proposed solutions presented in the dis-
cussion, as well as the effectiveness of project-based learning, including Lesson
presentations programs based on the TPACK conceptual framework. Further-
more, developing instructions to ensure that this Lesson presentations method
can be applied in real classroom settings and also be applied in undergraduate
lessons (including school experience and teaching practices) are recommended.

GeoGebra software should be employed as a supportive and complementary
activity for pre-service teachers’ education. The integrated didactic course inves-
tigated in this study has been shown to improve mathematical content know-
ledge, enhance technology integration among pre-service teachers, and contri-
bute to Mathematics Pedagogy research in Israel.

However, in every research question, there is some discrepancy between re-
sults and conclusion, as described in the discussion section.

The results of this study clarify the implications of GeoGebra use for teaching
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and learning, showing its:
1) Viability: The study tools are feasible for implementation and use in pre-
service teachers’ supplementary courses.

2) Adaptability: The tools are adaptable in multiple contexts.

9, Research Limitations

Due to the modest number of participants, the study’s results cannot be genera-
lized.

10. Suggestions

Pedagogical integrated courses may be planned in the last year of the degree for
training PSTs and focused in the integration of GeoGebra in their future lessons.
The objective of the proposed course is to enhance the techno-pedagogical qua-
lifications of future Math teachers. The scope of the course could be expanded
and rearranged to provide on-the-job training for Math teachers who want to
enhance their techno-pedagogical qualifications. Thus, Math teachers and pre-

service teachers would be encouraged to employ technology in their lessons.

11. Recommendations

If GeoGebra is introduced in the pre-service teachers curricula as the leading
digital tool, GeoGebra integration (ICT) in pedagogical courses should be made
mandatory. The tools developed in this study should be used in further research

(academic and field level).
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