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This paper will focus its discussion on the tasks utilized in a study that seeks to 
understand the characteristics of prospective teachers’ technological pedagogical 
content knowledge constructed in a GeoGebra-based environment. I will discuss a 
methodological approach that was adopted during the design of rubrics to code the 
data that will emerge from the study. Using Task 1 as an example to support the 
description, I will first deconstruct the task by providing a description that will 
elaborate the critical components and expectations of the task in constructing 
mathematics PTs’ TPACK and then provide a description of the methodology. A 
detailed description of the design of the rubrics Task 1 will be discussed. 
INTRODUCTION 
Understanding teacher competence has been the focus of research for some time. The 
issue of teachers’ knowledge of teaching for high learner achievement has 
contributed to the conceptualization of the term teacher knowledge (Beswick & 
Watson, 2012). Through the works of Ball, Thames and Phelps (2008), Hill, Ball and 
Schilling (2008) and Shulman (1986, 1987) various categories of teacher knowledge 
have emerged.  
Technology in the teaching and learning of mathematics has been studied in several 
developmental research projects globally. Studies of computer use in school 
mathematics have largely examined innovations linked to developmental research 
projects. Many of these studies have investigated teacher participation and computer 
use in these developmental projects against the background of computer-based 
resources: for example, use of diverse interactive video materials to support a range 
of mathematical tasks at secondary level in England (Phillips & Pead, 1995); using  
GeoGebra to teach upper secondary level mathematics (Lu, 2008); the influence of 
dynamic geometry software on plane geometry problem-solving strategies (Aymemi, 
2009). Jaworski (2010) has studied the challenges of using GeoGebra as a tool 
directed at generating conceptual understanding through exploration and inquiry for 
undergraduate mathematics students; Niess (2005) has investigated the development 
of prospective mathematics teachers’ technological pedagogical content knowledge 
in a subject specific, technology integrated teacher preparation program. 
Collaboration and partnerships on projects and studies on technology in mathematics 
in higher education have recently been on the rise, with developing the use of 
technology to support teaching and learning being identified as a priority in most of 
these projects. 



 

Although the technology community has advanced the benefits of integrating 
technology in education, there are discerning voices that have cautioned on learning 
in technology-based environments. For example, research has shown that technology 
tools can engage students in authentic learning opportunities that enhance the 
development of basic and higher-order skills but United Nations Educational, 
Scientific, and Cultural Organization (UNESCO, 2008) warns that the success to 
integrate lies in the ability of the teacher to effectively integrate technology into 
classroom lessons. Drijvers and Trouchè (2008) have acknowledged the double 
jeopardy of teaching and learning mathematics in a technology-based environment, 
given the complexities of teaching and learning and the complexities of use of the 
technology tool. Mathematics teachers should be knowledgeable about mathematics 
content, pedagogy, learners in relation to technology integration in learning. Drijvers 
and Trouchè (2008, p. 364) elucidate on the double reference phenomenon which is 
the double interpretation of tasks by teachers and learners giving an example where 
“tasks that address mathematical concepts may be perceived to address how the 
computer environment would deal with such a task.”  
Teacher education programs are proposing that undergraduate courses in 
mathematics integrate technology into teaching with activities that promote 
mathematical thinking. In pursuit my interest in technology integration in 
mathematics learning I want to examine prospective teachers (hereafter referred to as 
PT) re-learning mathematics and learning to teach mathematics with technology, 
specifically the GeoGebra software. As mediators of mathematics learning PTs 
should experience technology first if they are to incorporate it into classroom 
mathematics learning.  It is worth noting that teacher beliefs on mathematics 
influence their decisions on pedagogical practices. It is essential to understand the 
beliefs that influence teachers’ decision to use technology as these may be barriers to 
using technology for instruction (Hew & Brush, 2007). In the same light, intensified 
research is needed to improve and understand mathematics learning in technological 
environments; particularly, what processes and actions should be illuminated and 
addressed when dealing with technological artefacts in mathematics instruction. In 
their study on South African teachers’ use of dynamic geometry software in high 
school classrooms, Stols and Kriek (2011) found that teachers’ behaviour towards 
dynamic geometry is influenced by the perceived usefulness of technology in the 
classroom. Teachers’ perspectives on teaching and learning mathematics in 
technology-rich environments should be illuminated and explored at teacher 
preparation level. Niess (2005) reiterates that teacher’ decisions to implement 
technology into their teaching practice rests on their knowledge of technology, 
knowledge of mathematics, and knowledge of teaching.  
  



 

THEORETICAL FRAMEWORK 
Mathematics teacher education programs need to prepare PTs so that they are able to 
consider the mathematics content, the technology in use and the pedagogical methods 
employed in teaching the content.  In such programs, knowledge of technology 
should integrate both mathematical knowledge and knowledge about the technology 
tools. I contend that knowledge is derived from experience for which I conjecture that 
teacher knowledge is influenced and framed by teacher practical experiences with 
tools. Researchers in the field of technology integration employ the technological 
pedagogical content knowledge (herein referred to as TPACK) framework to study 
the development of teacher knowledge about technology integration (Lee & 
Hollebrands, 2008; Mishra & Koehler, 2006; Niess, 2005). Premised on the Lee 
Shulman’s framework of pedagogical content knowledge (PCK), teacher knowledge 
for technology integration is built on the interaction among three bodies of 
knowledge: domain-specific content knowledge, pedagogical knowledge, and 
technology knowledge. I employed the technological pedagogical content knowledge 
(TPACK) framework as a lens to study prospective secondary mathematics teachers’ 
knowledge development as they work on a set of geometry tasks where such tasks are 
designed to advance both mathematics knowledge and technology knowledge (see 
diagram below).  

 
TPACK framework and its knowledge components (http://tpack.org) 



 

Mishra and Koehler (2006) explicate that TPACK is the interaction of these bodies of 
knowledge, both theoretically and in practice, to produce the types of flexible 
knowledge needed to successfully integrate technology use into teaching. Mishra and 
Koehler (2006) explicate that TPACK is the interaction of these bodies of 
knowledge, both theoretically and in practice, to produce the types of flexible 
knowledge needed to successfully integrate technology use into teaching. The 
TPACK constructs as described by  Mishra and Koehler (2006, p. 63) are 
conceptualized in the study as follows: Content Knowledge is knowledge of geometry 
concepts, theories, ideas, established practices and approaches toward developing 
such knowledge. Pedagogical Knowledge is knowledge of teaching and learning 
circle geometry. Technology knowledge is knowledge about GeoGebra and working 
with GeoGebra. Pedagogical content Knowledge is knowledge of pedagogy for 
teaching of circle geometry; Technological Content Knowledge is the understanding 
of how GeoGebra is best suited for addressing learning circle geometry. 
Technological Pedagogical Knowledge is the knowledge required for understanding 
the constraints and affordances of GeoGebra. Technological Pedagogical Content 
Knowledge is knowledge about teaching circle geometry with GeoGebra effectively. 
This discussion is part of an ongoing study that intends to examine knowledge 
development of PTs enrolled in a secondary mathematics method course. The study 
focuses on mathematical thinking processes of the prospective teachers as they learn 
or re-learn school geometry in the GeoGebra based environment (content knowledge) 
and by examining what characterizes the prospective teachers’ pedagogical content 
knowledge for teaching geometry with technology (technological pedagogical 
content knowledge).The knowledge development is studied in the context of 
investigating PTs’ actions as they work on the geometry content and pedagogical 
tasks developed in a GeoGebra-based environment. 
Often TPACK knowledge development has been studied through the use of Likert-
type scales, appropriating the use of pre- and post testing to measure the 
development. Acknowledging the weaknesses of the Likert instrument and taking 
into consideration the design of the study, I decided to employ the use of rubrics.  
Clement, Chauvot, Philipp, & Ambrose, 2003) contend that rubrics serve a dual 
purpose (i) providing insights into written responses and (ii) use of numerical scores 
to statistically analyze responses. A rubric is a guideline that describes the 
characteristics of the different levels of performance used in scoring or judging a 
performance. An analytic rubric was preferred because it allowed for different levels 
of achievement of performance criteria to be determined. The PTs responses were 
scored according to the analytic rubric that I designed to capture TPACK-related 
evidence basing on the work of Miheso-O’Connor (2011) who employed the use of 
rubrics to measure pedagogical content knowledge proficiency in teaching 
mathematics. As such, the design of the rubric was guided by the question “What 
would the participant need to know or be able to do to successfully respond to this 
task?” 



 

The rubric used specific scores based on a five-point qualitative scale (ranging from 0 
to 4) to capture the PTs’ proficiency in the three main knowledge domains of content, 
pedagogy and technology. To generate the descriptions, I conducted an item analysis 
of each task of the piloted tasks according to the descriptors that I developed from the 
three sources of evidence:  TPACK constructs as conceptualized in the study, the 
Duval (1995) model of perceptual and cognitive perspectives on geometry reasoning 
and the processes of instrumental genesis in the GeoGebra construction tasks. Each 
task was first categorized according to the Duval’s geometry apprehension and the 
TPACK construct that it is testing. A rubric was developed for each of the sub-task 
resulting with a total of 14 rubrics. An analysis of the tasks was essential in 
determining the reliability and validity of the items that will provide a robust 
evaluation of the quality of items in determining what characterizes PTs’ TPACK for 
learning teaching geometry in technology-based environment. 
MEETING THE TASKS 
The tasks selected for this study have elements of the three bodies of knowledge: 
content knowledge, pedagogical knowledge, and technology knowledge. Although 
the main emphasis of the tasks is to intertwine content, pedagogy and technology, I 
have decomposed the tasks based on the Stylianides & Stylianides (2010) and Biza, 
Nardi, &Zachariades (2007) recommended features of mathematics pedagogy and 
content tasks for PTs. The technology tasks are drawn from Laborde (2001) 
recommended features.  
Stylianides & Stylianides (2010) propose that the nature of mathematics tasks for 
preparing teachers should engage participants in mathematics content; link 
mathematical ideas suggested by theory or research; and engage participants in 
mathematical activity from the perspective of a teacher of mathematics. Similarly, 
Biza, Nardi, & Zachariades (2007) suggest that the structure of tasks should explore 
(i) subject-matter knowledge, (ii) types of pedagogy and, (iii) types of didactical 
practice that describe feedback to learner’s response. 
The technological feature of the tasks were structured as suggested by Laborde 
(2001, p. 293) who categorizes dynamic geometry environment as:   

(1) tasks for which the technology facilitates but does not change the task (e.g., 
measuring and producing figures); (2) tasks for which the technology 
facilitates exploration and analysis (e.g., identifying relationships through 
dragging); (3) tasks that can be done with paper-and-pencil, but in which new 
approaches can be taken using technology (e.g., a vector or transformational 
approach); and (4) tasks that cannot be posed without technology (e.g., 
reconstruct a given dynamic diagram by experimenting with it to identify its 
properties – the meaning of the task comes through dragging). For the first two 
types, the task is facilitated by the technology; for the second two, the task is 
changed by technology. 



 

The tasks comprise of a series of content-based and pedagogical-based questions 
involving typical problems based on a Grade 11 geometry level, requiring the 
participants to construct geometrical objects with the intent to infer properties, 
generalities, or theorems through the different dragging modalities of GeoGebra4. In 
deconstructing the tasks, I have addressed three components of: (a) the critical 
components of the task, (b) the actions required to complete the task, and (c) the 
TPACK construct(s) addressed by the task or the sub-tasks.  
DECONSTRUCTING TASK 1 
Task 1 comprises of content-based and technology-based questions involving typical 
problems based on Grade 11 geometry, requiring the PTs to interpret and construct 
geometrical objects with the intent to infer properties, generalities, or theorems 
through the different dragging modalities of GeoGebra4.2 (see below). The major 
purpose of the task is to use multiple representations to represent and explain the task 
in different situations that provide opportunities for application of the cognitive 
apprehensions and cognitive processes for geometric reasoning.  
 

TASK 1 
The diagram below shows a circumscribed circle with centre S. 
Triangle ABC has AB = AC. Angle A is acute and AB is extended to 
K. AS extended cuts BC at M and  the circle at H. BE bisects CB�K. BE 
meets AS produced at E. AB when produced, is perpendicular to EK. 
 

 
(a) Write down and label all the geometric shapes/figures that 

you see in the above diagram. E.g. ∆ABC 
(b) Which triangles in the diagram are congruent? Justify. 
(c) Use GeoGebra to construct the diagram. 

 
  



 

The critical components of the task  
The mathematical objective of the task is to compose and decompose a shape within 
a given diagram by reflecting an understanding of geometrical concepts and spatial 
representations derived from the figure. Task 1 is based on the argument by Gagatsis, 
Deliyianni, Elia, Monoyiou, & Michael (2009: 37) that “geometrical figures are 
simultaneously concepts and spatial representations”. This argument suggests that 
“diagrams in two-dimensional geometry play an ambiguous role: on the one hand, 
they refer to theoretical geometrical properties, while on the other, they offer spatio-
graphical properties that can give rise to a student’s perceptual activity” (Larborde, 
2004:1). The major purpose of this task is to make a mathematical argument on 
generalizations and conjectures when interacting with the diagram, which Herbst 
(2004) purports that it provides an opportunity to make reasoned conjectures. 
What action is required to complete the task? 
The task requires the PTs to make interpretations and constructions. The task 
provides an opportunity to explore the PTs’ prior knowledge regarding definitions, 
properties, theorems and constructions of geometric figures, deductions that can be 
made about these figures and the ability to transform a static drawing to a dynamic 
construct. Tasks 1(a) and (b) examines the ability to discriminate and recognize in the 
perceived figures and several subfigures and as such this task is concerned with 
examining the PTs’ visual spatial ability:  the mental ability to manipulate objects 
and their parts in a two dimensional space. Task 1(b) solidifies the deductions made 
in (a). Task 1 (c) provides the  PTs with opportunites to explore construction 
strategies and to solidify the idea that these constructions are based on geometric 
properties identified in (a) and (b). In this task PTs invent strategies for constructing a 
perpendicular bisector, a cyclic quadrilateral, isosceles triangle, etc, by building more 
sophisticated constructions, such as inscribing an isosceles triangle in a circle. 
The TPACK construct(s) addressed by the task 
The task comprises of content-based and technology-based questions. The task is 
testing three TPACK constructs of CK and TCK. Tasks 1 (a) and (b) test the CK that 
require geometry competence. A conceptual understanding of aspects of circle 
geometry should be identified by making connections between concepts. Task (c) 
tests the TCK that requires competence to use GeoGebra to mediate geometry 
proficiency. The PT is required to identify the geometrical relationships between the 
objects created on the computer and original constructions. To successfully do the 
identification, PTs need to visualize the different configurations of the figures and 
use GeoGebra construction tools such as the ‘drag mode’ tool to explore of 
conjectures. 
  



 

A model solution of Task 1 
Task 1(a) requires perceptual apprehension of the figure. There are at least 17 figures 
that can be identified comprising a circle and composite circle, triangles and 
quadrilaterals, suggesting that one should be able to identify at least three types of 
figures: 

1. Circle S, 2 semi-circles, 4 segments 
2.  Triangles: ∆ABM, ∆ACM, ∆BMH, ∆MHC, ∆BHE, ∆BKE (all single 

triangles);  
∆ABC, ∆ABH, ∆AHC, ∆BHC, ∆BME, ∆ABE, ∆AKE (all composite triangles) 

3.  Quadrilaterals: ABHC, BKEH, BKEM (accepts kite ABHC, cyclic quad 
ABHC) 

Task 1(b) tests knowledge of congruency.  
Required to show that: 

(i) ∆ABH ≡ ∆ACH or equivalent 
 

Proof:  AB = AC given  
Ĉ = 90° ( < in semi-circle) 
B �=90°( < in semi-circle) 
𝐴𝐻 𝑐𝑜𝑚𝑚𝑜𝑛 

∴ ∆𝐴𝐵𝐻 ≡ ∆𝐴𝐶𝐻  (𝑆𝐴𝐴) 
(𝑖𝑖) ∆𝐴𝐵𝑀 ≡  ∆𝐴𝐶𝑀  
𝑃𝑟𝑜𝑜𝑓: 𝐴𝐵 =  𝐴𝐶 𝑔𝑖𝑣𝑒𝑛 
𝐶𝑀 =  𝐵𝑀 (∆𝐴𝐵𝐻 ≡  ∆𝐴𝐶𝐻) 
 𝐶𝐴 ̂𝑀 =  𝐶𝐵𝑀 (∆𝑀𝐻𝐵 ≡  ∆𝑀𝐻𝐶) 
𝐴𝑀 𝑐𝑜𝑚𝑚𝑜𝑛 
 ∴ ∆𝐴𝐵𝑀 ≡  ∆𝐴𝐶𝑀  

 
 (𝑖𝑖𝑖) ∆𝐵𝑀𝐻 ≡  ∆𝑀𝐻𝐶  
𝑃𝑟𝑜𝑜𝑓: 𝐻𝐵 =  𝐻𝐶 (∆𝐴𝐵𝐻 ≡  ∆𝐴𝐶𝐻) 
𝐶𝑀 =  𝐵𝑀 (∆𝐴𝐵𝐻 ≡  ∆𝐴𝐶𝐻) 
  𝐶𝐻 ̂𝑀 =  𝐵𝐻 ̂𝑀 (∆𝐴𝐵𝐻 ≡  ∆𝐴𝐶𝐻) 
𝐴𝑀 𝑐𝑜𝑚𝑚𝑜𝑛 
 ∴ ∆𝑀𝐵𝐻 ≡  ∆𝑀𝐻𝐶 



 

Task 1(c) requires a construction of the diagram with GeoGebra. A model solution 
must reflect an ability to transform the following statements from static to dynamic 
construction on GeoGebra: 
Construction of  

Triangle ABC  
AS extended cuts BC at M and the circle at H.  
BE bisects CB�K.  
BE meets AS produced at E.  
AB when produced, is perpendicular to EK 

THE RUBRICS  
Following is a discussion of the intensity of the methodological process employed to 
develop the rubrics. The rubrics had to be specific and explicitly address the 
expectations of the tasks. However, I acknowledged that the rubrics at this stage 
should be flexible considering that I was developing description of anticipated typical 
responses that might be availed. As such, the constructed rubrics are to be a guideline 
to analyzing the PTs responses. The descriptions developed were built from the 
expected ideal solutions devised in the memo. I utilized a five-point qualitative scale 
ranging from a score of 0 for non response and/or incorrect response to a score of 4 
for a correct response. I used a reverse method in determining the description starting 
with level 4 building down to level 0. The description for level 4 was based on the 
ideal correct solution, where all traits in the description are realized. In some 
instances, examples had to be given as a guide for some descriptions to make clear 
where certain responses will fit. 
Task 1(a) 
This task tested PTs’ geometry content knowledge. The PTs were required to “Write 
down and label all the geometric shapes/figures that you see in the above diagram”.  
To avoid misunderstandings an example was indicated to lead the respondent on the 
expected answer.  In levels 4 – 1, the descriptions reflect that respondent will 
correctly identify and label the figures with at least mentioning the three figures (see 
rubric 1(a)). I expect the PTs’ to know basic figures i.e. circle, triangle, 
quadrilaterals. Despite this, Level 1 caters for responses that I anticipate mention 2 
figures correctly regardless of the type of figure. I considered that labeling could be a 
constraint to some respondents. There are at least 17 figures that one can recognize in 
the perceived figures and several subfigures, an interval of number of figures had to 
be determined for the 4 levels. As mentioned it was justified that the lowest number 
of figures should be 3 and the maximum for a response that considered the figures 
built from the three basic figures is 17. However, an exceptional case would be an 
inclusion of semi-circles and circle segments. This statement qualifies the at least 17 
figures identified.  
  



 

 
level description 
0 No shape/figure identified  
1 Correct identification and labeling of at least 2 figures even if 

similar e.g. all triangles 
2 Correct identification and labeling of 3 - 9 figures including 

three major shapes: circle, triangle, quadrilaterals 
3 Correct identification and labeling of 10 - 16 figures including 

three major shapes: circle, triangle, quadrilaterals 
4 Correct identification and labeling of at least 17 figures 

including three major shapes: circle, triangle, quadrilaterals 
Table 1: Rubric 1(a) 

Task 1(b) 
This task tested PTs’ geometry content knowledge. The PTs were required to show 
and justify “which triangles are congruent”.  In levels 4 – 1, the descriptions reflect 
that the respondent will correctly identify the congruent triangles basing on the 
recognition that AH is the diameter of the circle (see rubric 1(b)). The mathematical 
statement given in the responses for these levels should reflect both the visualization 
and reasoning process enacted. However, we noted that a correct identification or 
configuration of the diagram to show congruency may not necessarily be aligned with 
the correct reasoning or justification. As such, the explanations were coded with 
respect to the levels as correct, incomplete correct, faulty, and no explanations. For 
instance, Level 3 differs with level 4 in that the level 3 response provides a correct 
response with incomplete explanations.  
 

level Description 
0 incorrect identification of congruent ∆s or no response  
1 Correct identification of at most 3 congruent triangles; no 

explanations 
2 Correct identification of at most 3 congruent triangles ; Faulty 

explanations 
3 Correct identification of at most 3 congruent triangles ;  

incomplete  correct explanations 
4 Correct identification of at most 3 congruent triangles. Correct 

explanations using geometric reasoning, recognizing in 
reasoning that AH is diameter. 

Table 2: Rubric 1(b) 
  



 

Task 1(c) 
This task tested PTs’ geometry technological content knowledge. The PTs were 
required to “Use GeoGebra to construct the diagram”. In this task there is interplay 
between GeoGebra and geometry knowledge. The intention is for the descriptions to 
capture both knowledge of GeoGebra and geometry knowledge. The response for the 
task requires a proper use of GeoGebra, suggesting that in constructing the diagram 
with GeoGebra, there are three possibilities; a correct construction, an incorrect 
construction or no construction noting the level of geometry knowledge (see rubric 
1(c)). A level 4 description indicates a response that shows a correct construction at a 
glance, suggesting that during the construction process, a complete exploitation of the 
affordances of GeoGebra was realized, resulting with short concise sequence of 
construction. A Level 3 description shows a response that correctly constructs the 
diagram but uses a long concise sequence of construction. A level 2 description is for 
an incorrect disjointed construction that indicates less exploitation of affordances of 
GeoGebra. At this level there is no systematic approach to the construction with a 
possibility of disorientation when a point is dragged. A systematic approach would 
optimally use GeoGebra as a dynamic geometric tool. At level 1 the response 
indicates an attempt to construct but not necessarily the required diagram, reflecting 
some technical knowledge but lack of geometry knowledge.  
 
 
 
 
 
 

level description 
0 In ability to use GeoGebra  
1 Some figure drawn, missing other details e.g. ∆ABC not isosceles 
2 incorrect disjointed construction, less exploitation of affordances of 

GeoGebra, no systematic approach to construction, possibility of 
disorientation when point is dragged 

3 Correct construction at a glance, complete exploitation of 
affordances of GeoGebra, long sequence of construction 

4 Correct construction at a glance, complete exploitation of 
affordances of GeoGebra, short concise sequence of construction  

Table 3: Rubric 1(c) 
  



 

CONCLUSION 
This paper provided a methodology for developing rubric to analyze PTs’ TPACK. 
The development of rubric is a lengthy process that requires a negotiation that would 
cater for all possible strategies for the solutions. Distinguishing between cases 
required a negotiation between the theoretical to the practical. This process 
necessitated mediation between item analysis of the tasks and descriptions of the 
rubrics that focus on the TPACK constructs. The tasks and the rubrics were 
rigorously tested for coherence, reliability, and validity during this process. To test 
for validity and reliability I ensured that the description were explicit and appropriate 
for each level. There was also a need for coherence between the expectation of the 
task and the rubric descriptions. I acknowledge that at this level of constructing 
descriptions without the data at hand, rubrics constructed should be flexible to 
accommodate all possible responses. 
REFERENCES 
Aymemi, J. (2009). Influence of dynamic geometry software on plane geometry problem-solving strategies. 

Unpublished PhD thesis. Universitat Autònoma de Barcelona: Spain. 

Ball, D. L., Thames, M.H., & Phelps, G. (2008). Content knowledge for teaching: What makes it special? . 
Journal of Teacher Education, 59(5), 389-407. 

Beswick, K., Callingham, R., & Watson, J. (2012). The nature and development of middle school 
mathematics teachers’ knowledge. Journal of Mathematics Teacher Education, 15, 131-157.Biza, I., 
Nardi, E., & Zachariades, T. (2007). Using tasks to explore teacher knowledge in situation-specific 
contexts. Journal of Mathematics Teacher Education, 10, 301-309. 

Clement, L., Chauvot, J., Philipp, R., & Ambrose, R. (2003). A method for developing rubrics for research 
purposes. In N. A. Pateman, B. J. Dougherty, & J. T. Zilliox (Eds.), Proceedings of the 2003 joint 
meeting of PME and PMENA (Vol. 2, pp. 221–227). Honolulu: CRDG, College of Education, 
University of Hawaii. 

Duval, R. (1995a). Geometrical Pictures: Kinds of Representation and specific Processings. In R. Suttherland 
& J. Mason (Ed.). Exploiting Mental Imgery with Computers in Mathematic Education. Berlin: 
Springer p. 142-157. 

Duval, R. (2006). A cognitive analysis of problems of comprehension in a learning of mathematics. 
Educational Studies in Mathematics (2006) 61: 103–131 

Gagatsis,Α, Α., Deliyianni,Ε, Ε., Elia, Ι., Monoyiou, Α., & Michael, S. (2009). A structural model of primary 
school students’ operative apprehension of geometrical figures. In M. Tzekaki, M. Kaldrimidou & C. 
Sakonidis (Eds.). Proceedings of the 33rd Conference of the International Group for the Psychology of 
Mathematics Education, Vol. 1, pp. XXX-YYY. Thessaloniki, Greece: PME 

Herbst, P. (2004). Interactions with diagrams and the making of reasoned conjectures in geometry. ZDM. 
36(5), 129-139 

Hew, K. F., & Brush, T. (2007). Integrating technology into K-12 teaching and learning: current knowledge 
gaps and recommendations for future research. Education Tech Research Dev, 55, 223-252. 

Hill, H., Ball, D. L., & Schilling, S. (2008). Unpacking “pedagogical content knowledge”: Conceptualizing 
and measuring teachers’ topic-specific knowledge of students. Journal for Research in Mathematics 
Education, 39(4), 372-400. 

Jaworski, B. (2010). Challenge and support in undergraduate mathematics for engineers in a geogebra 
medium. MSOR Connections, 10(1), 10-14. 



 

Laborde, C. (2001). Integration of technology in the design of geometry tasks with CabriGeometry. 
International Journal of Computers for Mathematical Learning, 6(3), 283-317. 

Lee, H., & Hollebrands, K. (2008). Preparing to teach mathematics with technology: An integrated approach 
to developing technological pedagogical content knowledge. Contemporary Issues in Technology and 
Teacher Education, 8(4). Retrieved from  http://www.citejournal.org/vol8/iss4/mathematics/article1.cfm 

Lu, Y. A. (2008). Linking Geometry and Algebra: A multiple-case study of Upper-Secondary mathematics 
teachers’ conceptions and practices of GeoGebra in England and Taiwan. Unpublished MPhil thesis. 
University of Cambridge. 

Miheso-O’Connor, M. (2011). Proficiency in pedagogical content knowledge for teaching mathematics: 
Secondary School mathematics teacher’s interpretation of students’ problem-solving strategies in 
Kenya. Leipzig: VDM Verlag Dr. Müller 

Mishra, P., & Koehler, M. J. (2006). Technological Pedagogical Content Knowledge: A new framework for 
teacher knowledge. Teachers College Record, 108(6), 1017-1054. 

Niess, M. L. (2005). Preparing teachers to teach science and mathematics with technology: Developing a 
technology pedagogical content knowledge. Teaching and Teacher Education, 21, 509-523 

Phillips, R., Gillespie, J, & Pead, D. (1995). Evolving strategies for using interactive video resources in 
mathematics classrooms. Educational Studies in Mathematics, 28(2), 133-154. 

Shulman, L. S. (1986). Those who understand: Knowledge growth in teaching. Educational Researcher, 
15(2), 4-14. 

Shulman, L. S. (1987). Knowledge and teaching: Foundations of the new reform. Harvard Educational 
Review, 57(1), 1-22. 

Stols, G., & Kriek, J. (2011). Why don’t all maths teachers use dynamic geometry software in their 
classrooms? Australasian Journal of Educational Technology, 27(1), 137-151. 

Stylianides, G. J., & Stylianides, A. J. (2010). The Mathematical Preparation Of Teachers: A Focus On 
Tasks. Paper presented at the CERME 6: Working Group 10. Retrieved from 
www.inrp.fr/editions/cerme6 

UNESCO. (2008). ICT competency standards for teachers. Retrieved from www.unesco.org/en/competency-
standards-teachers 

 

 

http://www.citejournal.org/vol8/iss4/mathematics/article1.cfm
http://www.inrp.fr/editions/cerme6
http://www.unesco.org/en/competency-standards-teachers
http://www.unesco.org/en/competency-standards-teachers

	DEVELOPING RUBRICS FOR TPACK TASKS FOR PROSPECTIVE MATHEMATICS TEACHERS:
	A METHODOLOGICAL APPROACH
	Introduction
	theoretical framework
	Meeting the tasks
	Deconstructing TASK 1
	The critical components of the task
	What action is required to complete the task?
	The TPACK construct(s) addressed by the task

	The Rubrics
	Task 1(a)
	Task 1(b)
	Task 1(c)

	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (FOGRA27)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'SWIFT - X-1a with Bleed'] [Based on '[PDF/X-1a:2001]'] Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


