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Using IGS Strategically to Support Students’ Thinking 
 

Introduction 
Principles to Actions: Ensuring Mathematical Success for All (NCTM, 2014) identifies 
teachers’ ability to implement tasks that promote reasoning and problem solving as one 
of eight mathematics teaching practices. Research corroborates this practice, 
demonstrating students’ mathematical thinking has important implications for student 
learning (Stein & Lane, 1996). Furthermore, tasks starting at a low level during set up 
typically stay at a low level during implementation (Stein, Grover, & Henningsen, 1996).  
Thus, an important issue in teacher education is supporting teachers in their ability to 
select, modify, or design high-level tasks to implement with their students.   
 
This teaching practice complements the mathematical practice of using appropriate tools 
strategically (CCSS, 2010).  In particular, teachers must be discerning users of 
technology to create and implement technology based tasks to effectively support 
students’ reasoning and problem solving.  The first two authors (2015) developed a 
practical tool to support mathematics teachers in assessing the role of technology in a 
task, and analyzing how it supports students’ mathematical thinking (referred to as the 
IGS Framework). This paper reports on teachers’ use of the IGS Framework to create 
IGS tasks that support students’ high level mathematical thinking. 
 

Perspectives 
Interactive geometry systems (IGS) support the learning of important mathematics 
(Hollebrands & Dove, 2011) and students’ mathematical thinking (Sherman, 2014; 
Cayton, 2012).  Yet an important principle of using technology strategically for 
mathematics instruction is that the inclusion or exclusion of technology within a given 
task depends on the mathematical goals of the task.  The IGS Framework (Figure 1) 
combines Sinclair’s (2003) design principles and Pea’s (1985) metaphor for technology 
use as an amplifier or reorganizer along three mathematical dimensions.  Each dimension 
(row) represents a distinct but not mutually exclusive mathematical goal.  For each goal 
use of technology as an amplifier or a reorganizer in relation to that goal is described. 



 
Figure 1: IGS Framework (Sherman & Cayton, 2015) 

 
A separate line of research highlights teachers’ difficulty selecting and implementing 
high cognitive demand tasks (Stein, Grover, & Henningsen, 1996), but also teachers can 
grow in this area of their practice through carefully designed professional development 
(Boston & Smith, 2009).  Importantly, tasks that are considered low-level as written are 
rarely implemented at a high level (Stein et al, 1996; Stein & Lane, 1996). This 
underscores the importance of supporting teachers in selecting, revising, and designing 
high-level tasks.  The present work adds a focus on leveraging the affordances IGS to the 
work of Boston and Smith to support the high level thinking required by the task. The 
framework serves as a practical tool to support teachers in assessing how the use of 
technology supports particular goals for students’ thinking and reasoning, and to suggest 
ways in which a task might be revised in order to accomplish certain goals more 
effectively 
 

Research Question and Methods 
This study was the culmination of work developing the IGS framework (Sherman & 
Cayton, 2015) and a sequence of activities designed to support teachers in learning to use 
it to evaluate, revise, and design tasks that make use of IGS to support students’ high 
level thinking (Sherman, Cayton, & Chandler, 2015).  The research questions we posed 
were: 
 

1. Can teachers use the IGS Framework to create tasks that use IGS as a reorganizer 
along at least one of the dimensions? 

2. Does the use of IGS Framework support teachers in creating high-level tasks? 
 
Context and Sample 
Participants included 23 teachers at a Midwestern university enrolled in a course aimed at 
helping teachers integrate technology into mathematics instruction. Twenty-two were 



pre-service teachers, 15 were enrolled in an elementary certification program, and the 
remaining 8 were middle/secondary.   
 
Prior to creating tasks utilizing the IGS Framework, participants were introduced to its 
theoretical underpinnings, analyzed three tasks, and revised a task that was initially 
characterized as an amplifier along all three dimensions. The final project for the class 
required teachers to submit the following: a task that they developed, goals for the task, 
potential solutions/student responses, and teachers’ reasoning about how the task utilized 
technology as a reorganizer.  
 
Analysis 
Each author independently evaluated the 23 tasks submitted by teachers along each 
dimension of the IGS Framework, and discussed their coding of the tasks to come to a 
consensus on the use of IGS for each task.  In addition, each task was coded with regard 
to potential cognitive demand using the Instructional Quality Assessment (IQA) 
Mathematics Toolkit (Matsumura, Garnier, Slater, & Boston 2008; Boston, 2012).  Two 
of the authors and an outside IQA expert independently scored the tasks for potential 
level of cognitive demand, and agreed on 21 of the 23 tasks (discrepancies were resolved 
for the other two).  Finally, patterns related to technology use as an amplifier/reorganizer 
and potential level of cognitive demand were examined. 
 

Results 
Table 1 below depicts how the 23 tasks were evaluated with regard to the use of IGS and 
in terms of cognitive demand.  A task appearing in the Amplifier column means that it 
used IGS as an amplifier along each dimension of the IGS framework, whereas a task that 
used IGS a reorganizer along any of the three dimensions appears in the Reorganizer 
column, as we were interested in knowing if teachers could use IGS to pursue a particular 
goal as represented by a dimension of the framework 
 

Table 1.  Teachers’ Use of IGS & Cognitive Demand 
 

 
 
 
 
 
Note that all but one task was considered to be high level, and 17 of the 23 tasks used 
IGS as a reorganizer along at least one of the dimensions of the IGS Framework.  With 
regard to the research questions, this suggests that most teachers were able to successfully 
develop a task that uses IGS as a reorganizer, and in the process create a task with high 
cognitive demand.  Furthermore, it is important to note every task that used IGS as a 
reorganizer along one of the dimensions of the framework was also a high level task. 
 
The IGS Framework was developed with a middle and secondary focus, so a question 
raised during analysis was how answers to the research questions might differ according 

 Amplifier Reorganizer Total 
High 5 17 22 
Low 1 0 1 
Total 6 17 23 



to whether a teacher was middle/secondary or elementary.  Tables 2 and 3 depict the 
results broken down accordingly. 
 

Table 2.  Tasks created by middle/secondary teachers. 
 
 
 
 
 
 

Table 3.  Tasks created by elementary teachers. 
 
 
 
 
 

 
When designing a task using IGS as a reorganizer, the results suggest there is little 
difference between elementary or secondary teachers, as 73% of the former and 75% of 
the latter were successful in this regard.   

 
Discussion 

The results suggest the IGS Framework, and teacher education activities designed to help 
teachers use it to design a task that uses IGS as a reorganizer, were relatively successful.   
In addition, it appears elementary teachers are equally capable of learning to use it as 
their middle/secondary counterparts.  This result is encouraging, but the practical value of 
this learning was still in question.  Does learning to use the IGS Framework translate into 
better mathematics instruction?  The fact that every teacher but one created a high level 
task demonstrates that using the IGS Framework can support teachers’ practice in a way 
that has proven implications for student learning. 
 
These results also confirm previous results by the first two authors.  Sherman (2014) 
found that the use of technology as a reorganizer by students during implementation was 
related to high cognitive demand.  Results of the present study demonstrate the same 
finding for tasks as written.  This is evident in the fact that no tasks using technology as a 
reorganizer were categorized as low-level. Cayton (2012) found the use of Sinclair’s 
Design Principles (2003) was related to cognitively demanding tasks.  Given that the 
amplifier/reorganizer distinction and Sinclair’s Design Principles form the theoretical 
basis for the IGS Framework, the results of the present study further validate the 
relationship between use of the IGS Framework and high-level tasks. 
 
Providing students with opportunities to engage in high level mathematical thinking is an 
important element of high quality mathematics instruction, and research has shown this is 
difficult task for teachers (Stein, Grover, & Henningsen, 1996), and no less so when 
incorporating technology into a mathematics lesson (Sherman, 2014; Cayton, 2012).  As 
written tasks set the ceiling for everything else that happens in a lesson, it is important 

 Amplifier Reorganizer Total 
High 1 6 7 
Low 1 0 1 
Total 2 6 8 

 Amplifier Reorganizer Total 
High 4 11 15 
Low 0 0 0 
Total 4 11 15 



that teachers learn to identify and select high-level tasks for their students.  Given 
widespread availability of IGS, and its potential to support student learning, it is also 
important that teachers learn how to use it support students’ thinking.  Results of the 
present study suggest that teachers can learn to use the IGS Framework to develop these 
skills. Thus, it is important that such opportunities be incorporated into teacher education 
in both courses and professional development. 
  

References 
 
Boston, M. D. & Smith, M. S. (2009). Transforming secondary mathematics teaching: 

Increasing the cognitive demands of instructional tasks used in teachers’ 
classrooms. Journal for Research in Mathematics Education, 40, 119-156. 

 
Boston, M. D. (2012). Assessing instructional quality in mathematics.  The Elementary School  

 Journal, 113, 76 – 104.  
 
Cayton, Charity. 2012. “Examining the Cognitive Demand of Tasks in Three  
 Technology- Intensive High School Algebra 1 Classrooms.” In Proceedings for 
 the Thirty-Fourth Annual Meeting of the North American Chapter of the 
 International Group for the Psychology of Mathematics Education-North America 
 Chapter, edited by J.J. Lo and Laura Van Zoest. Kalamazoo, MI. 
 
Common Core State Standards Initiative (CCSSI). (2010). Common Core State Standards  
 for Mathematics. Washington, DC: National Governors Association Center for 
 Best Practices and the Council of Chief State School Officers. 
 http://www.corestandards.org/the-standards/mathematics. 
 
Hollebrands, K. F. and Dove, A. (2011). Technology as a tool for creating and reasoning  
 about Geometry tasks. In T. P. Dick & K. F. Hollebrands (Eds.), Focus in high 
 school mathematics: Technology to support reasoning and sense making (pp. 33-
 52). NCTM: Reston, VA.  
 
Matsumura, L. C., Garnier, H., Slater, S. C., & Boston, M. D. (2008). Toward measuring 

instructional interactions “at-scale.” Educational Assessment, 13, 267-300.  
 
National Council of Teachers of Mathematics (NCTM). (2014). Principles to Actions:  
 Ensuring Mathematical Success for All. Reston, VA: NCTM. 
 
Pea, R. D. (1985). Beyond amplification: Using the computer to reorganize mental  
 functioning. Educational Psychologist, 20(4), 167–182.  

 
Sherman, M.F. (2014).  The role of technology in supporting students’ mathematical  

thinking: Extending the metaphors of amplifier and reorganizer. Contemporary 
Issues in Technology and Teacher Education 14(3). 

Sherman, M.F. & Cayton, C.  (2015) Using appropriate tools strategically for 
 instruction.  Mathematics Teacher, 109(4). 



 
Sherman, M.F., Cayton, C., & Chandler, K. (2015).  Supporting Teachers Using  
 Appropriate Tools Strategically:  A Framework for Evaluating and Designing 
 DGS Tasks.  Paper presented at the Association of Mathematics Teacher 
 Educators Annual Conference.  Orlando, FL. 
 
Sinclair, M. P. (2003). Some implications of the results of a case study for the design of  

preconstructed, dynamic geometry sketches and accompanying materials. 
Educational Studies in Mathematics, 52(3), 289–317.  

 
Stein, M. K., Grover, B. W., & Henningsen, M. A. (1996). Building student capacity for  

mathematical thinking and reasoning: An analysis of mathematical tasks used in 
reform classrooms. American Educational Research Journal, 33(2), 455–488.  

 
Stein, M. K., & Lane, S. (1996). Instructional tasks and the development of student  
 capacity to think and reason: An analysis of the relationship between teaching and 
 learning in a reform mathematics project. Educational Research and Evaluation, 
 2(1), 50–80. 
 


