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Strands of mathematics proficiency  
  National Research Council, 2001 

1. Conceptual understanding:  learn new ideas by 
connecting those ideas to what learners already 
know 

2. Procedural fluency: carry out procedures efficiently 
and accurately 

3. Solve problems 

4. Do proofs: logical thought, explanation & 
justification 

5. Tendency to see mathematics as sensible & useful 

ICT 
solutions 



The heart of learning mathematics  
How do learners acquire these mathematical proficiencies?  

 Experimentation and exploration: the idea is to discover, 
generalize, conjecture and verify results. 

 Visualisation is vital for the discovery process: visualisation is 
the ability to generate and to manipulate spatial images in 
your mind. 

 For rich conceptual understanding it is important to have 
multiple representations. E.g. functions: algebra expression, 
table, and a graph. 



The role of ICT in learning mathematics 
ICT makes it possible to develops the following proficiencies:   

 Procedural fluency (many apps/software/websites) 

 Conceptual understanding: 

 experiment & explore: ICT makes it possible to test a 
conjecture using a great number of examples due to quick 
feedback of technology (e.g. Euclidian Geometry) 

 Visualise: transformations of functions and objects & unfolding 

 Developed multiple representations: ICT generates different 
types of representations quickly & simultaneously.  

 Visual justification (e.g. dynamic sketches) 



Is ICT a solution for poor quality education? 

 The first prize is to have an effective dedicated teacher in each 
classroom who teach effectively (and integrate ICT into their 
teaching). However it seems that this will not happen in the 
near future in SA.  

 The only option is to use ICT to support our learners (and 
teachers) directly: the clever use of ICT should help those 
learners who do not have effective teachers. 

 In summary: Effective schools can focus on the teachers’ ICT 
integration in class, but with dysfunctional school we may do 
better focusing on supporting learners (using an ICT solution). 

 



Different models ICT solutions  

 Support learners (ICT solution)  & Teacher content support (ICT 

solution) – in dysfunctional schools (outside the class?) 

 ICT-supported-pedagogy in class - ICT integration (adapted from 

Hew et al., 2007).  

 Replacement: 

 Teacher: show video lessons in class / use PowerPoint slides 

 Learning & teaching material: pdf textbooks / interactive whiteboard 

 Amplification:  Teachers use ICT to make “traditional teaching” 

more effective.  

 Transformation (learner centered): Learners use ICT to 

explore, investigate, discover and to visualise.  

 Radical transformation (flipped classrooms): The learners gain 

knowledge before class using ICT & apply knowledge in class.   
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Why can’t a good teacher be replaced by ICT? 

 ICT use (without a teacher) lack qualities of effective teachers (PCK):  
 Effective teachers acts on finer nuances like facial expressions 

 Effective teachers allow for time to struggle, pace well, use problem solving. 

 A good teacher will use ICT wisely to develops key maths proficiencies. 

BUT 

 One of the main problems of the education system is teachers’ own lack of 
mathematical content knowledge.  

 Since mobile phones are so available, powerful and user-friendly, it is easier 
to find ICT solutions for our problems rather than to search for non-ICT 
solutions (e.g. professional development of teachers).  

 



Learner support: mobile ICT solutions 
usefulness & ease of use 

Already available: 
 Internet: lessons, videos & worksheets (e.g. Khan) 

 General apps (procedural) 

 Software for exploration: GeoGebra 

 Needs to be developed: 
 Good quality eBooks: active links, videos, informative 

assessment, interactive sketches 

 CAPS aligned apps (mathematical proficiencies) 

 My project: The development of Apps & eBooks: E.g. 
Circle Geometry 

 My story of ICT integration and the development of 
eBooks and app: how to address usefulness & ease of 
use 

 



Teacher content support: ICT solutions  

 NRF funded project: The Development of a Mathematics 
Information Delivery Hub (MIDHub) for grade 10 to 12 
teachers.   

 The idea of this project is to address teachers’ own lack 
of mathematical content knowledge.  

 This research project aims to explore one way of how 
mobile devices can be used on a daily base to support 
Grade 10 to 12 mathematics teachers. 

 We will develop a platform within the mobile phone 
environment that will support mathematics teachers in 
resource constrained areas. 

 

 



The future (for FET phase?) 
Flipped classrooms & Just-in-time learning 

 A flipped classroom inverts the typical cycle 
of content acquisition and application.  

 The learners gain necessary knowledge 
before class using textbooks or eBooks, and 
by watching videos. 

 The applications or “homework” are done in 
class under the guidance of the teacher.   

 The role of the teacher is to guide learners 
and to clarify misconceptions and help 
learners to apply their knowledge during 
class time. 

 



More effective pedagogical approaches fueled by  ICT 
 Flipped classrooms 

 Resources for learners (before class):  

 videos & lessons (Khan & YouTube) 

 eBooks, textbooks 

 Tutors 

 Search engines: internet resources 

 Manage and deliver content and 
assessment 

 LMS: Edmodo, Moodle 

 Social networks & instant 
messaging services  

 

Edmodo 
Moodle 

Blackboard 

Flipped classrooms 

Teacher  
in office 

Learner  
before class 



Side line comments 

 Too many solutions start with the IT and not with 
subject related learning principles. 

 Do not buy expensive systems and software form 
other countries: use open source free software. 

 A teacher must first be able to teach effectively 
without the use of ICT before trying to integrate ICT 
into their teaching.  

 The use of the social aspects of ICT is generally over 
rated: “promoting maths talk” & group work. 



Conclusion 

 ICT currently focus on 

 Conceptual understanding 

 Procedural fluency 

 Solve problems 

 Justification 

 See mathematics as sensible & useful 

 Focus 

 Effective schools can focus on the teachers’ ICT 
integration in class,  

 but with dysfunctional school we may do better focusing 
on supporting learners (using ICT mobile solutions). 
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