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Abstract 
 

Communication is a key aspect of supporting students’ learning of subjects such as mathematics 
(Pimm, 1991). To communicate mathematically, students require knowledge of the mathematics 
language, that is, the register to understanding the specific content of mathematics (Cummins, 
2000; Pimm, 1987). This raises linguistic and pedagogical issues in Māori-medium schooling 
contexts, where most students and teachers are second language (L2) learners of te reo Māori. 
Amongst other things, this was due to the English only policy for schooling for over 100 years. 
Students need the mathematics register to support the articulation of their thoughts. Teachers 
need the language in order to support the learner. This paper reports on an initiative to 
simultaneously support the acquisition and development of the mathematics language and 
knowledge through the use of Information and Communication Technology (ICT).  
 

Using ICT to strengthen Māori-medium pāngarau/mathematics education. 

There is growing interest and use of ICT to support the revitalisation of languages and 

teaching/learning of mathematics. However, there is a paucity of literature that addresses the 

unique linguistic challenges of the Māori-medium pāngarau/mathematics context (Allen, 2015; 

Christensen 2004; Meaney, Trinick, & Fairhall, 2012; Trinick 2015). There are even fewer 

studies that examine ICT usage that supports the acquisition of mathematics and of Māori 

                                                             
 

1 Tau Kē is a Māori expression that means: This is so cool! Tau is also the word for number. (Refer to: māoridictionary.co.nz) 
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language (Tiakiwai & Tiakiwai, 2010). This paper outlines a small intervention study conducted 

in a Māori-medium pāngarau classroom that utilized ICT to capture students’ mathematical 

communications.  

Digital fluency, the capability to use ICT to enhance current practices and to explore new 

ways of teaching, has recently become a national priority for professional learning and 

development support for schools in Aotearoa/New Zealand (Ministry of Education, 2017b). This 

could provide increased support for ICT pedagogy in Māori-medium learning programmes. 

Generally, Māori-medium schools are small (three to five teachers), geographically isolated and 

serve lower socio-economic communities. Cost and staff capability have been cited as barriers to 

using ICT in Māori-medium learning programmes (Murphy & Reid, 2017). Therefore, the 

benefits of using ICT for strengthening Māori-medium education will not be realized without 

robust and appropriate professional learning and development opportunities for Māori-medium 

teachers (Tiakiwai & Tiakiwai, 2010; Murphy & Reid, 2017). In the past, there has been minimal 

support available for ICT specifically—thus national priorities such as pāngarau/mathematics 

have been used to also progress ICT pedagogy. 

The focus of this paper is how ICT was used in one Māori-medium 

pāngarau/mathematics classroom to capture students’ mathematical communications and used to 

identify areas of conceptual and/or linguistic difficulty. This provides an insight into 

opportunities to use ICT to further strengthen teaching practices in Māori-medium 

pāngarau/mathematics classrooms and to support language revitalization. The study was 

conducted alongside a Ministry of Education funded intervention programme designed to 
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accelerate learning in pāngarau/mathematics. The students selected for participation in the 

intervention programme had been identified by their schools as performing well-below national 

expectations in pāngarau/mathematics. The aim of the intervention programme was to accelerate 

students’ understanding of pāngarau/mathematics concepts and content.  

The Unique Context of Māori-Medium Pāngarau/Mathematics Teaching. 

In Māori-medium pāngarau classrooms the language of instruction is an endangered 

minority language and language revitalization is a core aim of instruction (Trinick, 2015). One of 

the challenges for Māori-medium classrooms, and the focus of this study, is the group of students 

not performing at the expected national level for pāngarau/mathematics. This can be attributed to 

a number of interconnected variables such as teacher competence and the fact that many students 

are learning pāngarau/mathematics in their second language—te reo Māori. 

There is a considerable body of research that advocates the explicit teaching of 

mathematics language in order to support acquisition of mathematics content/concepts (Dowker, 

Bala, & Lloyd, 2008; Hunter, 2005; Pimm, 1987; Pitvorec, Willey, & Khisty, 2011; 

Schleppegrell, 2007). It is argued that in order to understand mathematics students must 

understand the language of mathematics (Usiskin, 2012). This presents challenges for second 

language learners (L2) of the language of instruction such as those in Māori-medium.  

Despite 35 years of schooling innovation and Māori language revitalization, including the 

elaboration of the language to teach pāngarau/mathematics, English is still very much the 

dominant language of homes, communities and the first language of many students and teachers 

in Māori-medium education. For many teachers of pāngarau/mathematics, in Māori-medium 
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schools, their own mathematics education was conducted in English and their initial teacher 

education was also conducted in English (Christensen, 2004; Meaney, Trinick and Fairhall, 

2012). Therefore, many Māori-medium teachers are tasked with learning the specialised 

language of the pāngarau register while teaching it.  

Using ICT to Encourage Mathematical Communication in Māori-Medium 
Pāngarau/Mathematics Classrooms  
 

Because mathematics is so often conveyed in symbols, oral and written, communication 

about mathematical ideas is frequently seen as an important pedagogical approach to the learning 

of mathematics (Trinick, 2015). Software applications that allow students to capture their 

communications using multiple representations and share these with others are sometimes 

referred to as ‘show and tell’ software applications (Williamson-Leadley & Ingram, 2013). They 

can also be referred to as screencasting2 software applications. These types of software 

applications have a whiteboard feature that students can either draw on or type into, the ability to 

capture or upload images and the ability to record audio or video explanations.  

The use of screencasting, audio and video recordings can provide an insight into students’ 

thought processes and problem-solving strategies (Peltenburg, Van den Heuvel-Panhuizen, & 

Doig, 2009). Students, and teachers can refer back to the recorded presentations and use them as 

a subject of reflection and mathematical discussion (Scott, 2006). In doing so, the students’ 

responses, questions and problems can shape the core lesson content (Fraivillig, Murphy, & 

Fuson, 1999) centralising students’ sense-making processes within the classroom learning 

                                                             
 

2 A list of screencasting apps can be found here: http://edtechteacher.org/apps/screencast/ 
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relationships (Bishop, Berryman, Tiakiwai & Richardson, 2003). Show and tell software 

applications could be used in Māori-medium pāngarau/mathematics classrooms to provide 

opportunities to communicate (in the Māori language), pose questions, take risks, experiment, 

reflect and share ideas.  

A study conducted by Williamson-Leadley and Ingram (2013) showed that using the 

Educreations3 software application to record student assessments enabled teachers to collect 

more detailed assessment data, thus, gaining greater insight into students’ thinking. The recorded 

assessments were also used to promote classroom dialogue and used to plan further teaching 

actions. The students in the study were encouraged to review what they had done and discuss 

how their own learning could be enhanced.  

In Māori-medium pāngarau/mathematics classes, show and tell software applications 

could be used to simultaneously assess student understanding of mathematical content and of 

Māori language. This could aid in discerning between mathematical misconceptions and 

language difficulties. One of the assessment methods currently used in Māori-medium 

pāngarau/mathematics classrooms is the Numeracy Project Assessment (NumPA) (Ministry of 

Education, 2008a). This assessment uses a diagnostic interview process that requires students to 

articulate their mathematical thinking. Lomas and Hughes (2008) argue that the diagnostic 

interview method is more reliable than written assessments for assessing students’ mathematical 

understanding because the interviewer has the opportunity to ask further clarification questions. 

However, L2 language learners in Māori-medium pāngarau/mathematics classrooms may not be 
                                                             
 

3 Further information about the educreations software can be found at: https://www.educreations.com/ 
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able to clearly articulate their mathematical thinking (Allen, 2015). Therefore, using show and 

tell software applications as part of the assessment process may alleviate linguistic difficulties 

for some Māori-medium students. 

Researching ICT use in a Māori-Medium Pāngarau Classroom 

The data presented here were collected by one of the intervention facilitators who 

delivered the intervention programme in one Māori-medium primary school classroom. The 

programme facilitator is of Māori descent and attended Māori-medium schooling herself. The 

research was conducted entirely in te reo Māori. The participants of the study were four Māori-

medium primary school students who were 8-9 years old at the time of the study. The four 

students who took part in the research are considered to be L2 learners of te reo Māori. All four 

are female students. The small number of students is an inherent limitation in this study. The 

facilitator taught the group of students in one hour lessons, three times a week, over a period of 

15 weeks.  

Kaupapa Māori research methodology (Smith, L., 2012) and the Teaching as Inquiry 

Framework (Timperley, 2011) were drawn together for this study. Kaupapa Māori research 

methodology positions the revitalization of Māori language and culture as a central outcome of 

research in Māori spaces (Smith, L., 2012; Smith, G., 2012). Māori-medium education also 

prioritises creating strong connections between whānau/families and the school (Bishop et. al., 

2003). For this reason, the study is framed towards identifying opportunities and solutions to 

current issues and challenges in Māori-medium pāngarau teaching, taking into account the 

unique range of priorities of Māori-medium schooling. The use of ICT is being positioned, in 
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this study, as a tool to encourage mathematical communication through multiple mathematical 

representations, including oral presentations of knowledge, utilising the specialised language of 

the pāngarau register. In this way, the study investigates the efficacy of ICT use to further the 

language revitalization aims of Māori-medium pāngarau/mathematics classrooms alongside the 

aim of advancing conceptual understanding of pāngarau/mathematics content.  

The Teaching as Inquiry (TAI) framework was used in this study to inform the collection 

and analysis of achievement data (Timperley, 2011). Teaching as Inquiry/Pakirēhua is positioned 

in the Māori-medium national curriculum as a framework for inquiring into the efficacy of 

teaching actions for furthering student achievement (Ministry of Education, 2008c). It advocates 

an evidence based pedagogical approach that uses data to identify learning needs (for both the 

student and the teacher), to inform changes in teaching actions and to analyze the impact of any 

changes in teaching actions. This aligns with the concept of Ako4 discussed by Bishop, 

Berryman, Tiakiwai and Richardson (2003), whereby, both the student and the teacher are 

learners within the classroom environment participating in an ongoing discussion about the 

learning that is taking place. This is particularly relevant in Māori-medium classrooms where 

both the student and the teacher could be L2 learners of the language of instruction.  

Data Collection and Analysis 

Quantitative data in the form of student achievement data, were collected for this study 

through the diagnostic numeracy interviews (NumPA) (Ministry of Education, 2008a) and 

written Individual Knowledge Assessments of Number (IKAN) (Ministry of Education, 2011) as 

                                                             
 

4 Ako is a Māori term that means both to teach and to learn (Refer to: Bishop et. al., 2003). 
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well as student presentations of knowledge created using a show and tell software application 

called My Mediasite5. The facilitator used this range of student achievement data to make an 

overall teacher judgements (OTJs) about the level of mathematical understanding demonstrated 

by each student and quantified this against the stages of The Number Framework (Ministry of 

Education, 2007). This process was used at the beginning, middle and end of the intervention 

programme to measure shifts in conceptual understanding against national expectations (He 

Kupenga Hao i te Reo, 2010).  

The students participating in the intervention programme had been identified by their 

school as performing well-below national expectations in pāngarau/mathematics. Diagnostic 

assessments at the beginning of the intervention programme showed that the participants of this 

study were able to demonstrate number knowledge and strategies at stages 4-5 of the number 

framework. The number framework stages are shown in Table 1 below.  

The shift in number knowledge and strategy use between stages 1-4 (the counting stages), 

and stages 5-8 (the part-whole stages) can be a considerable conceptual shift (Ministry of 

Education, 2007). Students must move away from relying on counting strategies to solve 

problems. Instead, students must demonstrate the ability to select from a range of partitioning 

strategies to solve problems. National achievement data for 2016 showed that 75.6% of Māori-

medium students were performing at or above the national expectations in regards to the 

counting stages (Ministry of Education, 2017a). For those students who were expected to use 

                                                             
 

5 Further information about the My Mediasite software can be found at: 
http://www.sonicfoundry.com/mediasite/capture/mymediasite/ 
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part-whole strategies, at stage 5, the percentage performing at or above national expectations 

dropped to 62.2%.  The national expectation for the participants of this study was the 

demonstration of number knowledge and the use of part-whole strategies at stages 5-6 of the 

number framework.    

 

Number Framework Stages 

8 Advanced Proportional Part-Whole 

7 Advanced Multiplicative Part-Whole 

6 Advanced Additive Part-Whole 

5 Early Additive Part-Whole 

4 Advanced Counting 

3 Counting from one by imaging 

2 Counting from one on materials 

1 One to one Counting 

0 Emergent 
Table 1: Stages of the Number Framework (Ministry of Education, 2007) 

 
 

Throughout the 15-week teaching programme the students used the My Mediasite 

software on the facilitators laptop to capture static images from their workbooks or whiteboards 

and to record video explanations of their solution methods. The students were encouraged to 

capture written pakitau/story problems, equations, drawn diagrams and video explanations of the 

problems they were solving and their solution methods. The process of digitally capturing 

workbook images, seemed to encourage students to express their ideas with diagrams and 
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pictures rather than just symbols and words. The capturing process was student-led and the 

students were able to use the My Mediasite software whenever they had grasped a new concept 

and/or they had something to share.  

In one case, the students decided to create a video explanation of a place-value game that 

they enjoyed playing together. The game involves guessing a number that is being thought of by 

the game facilitator. The game facilitator ‘places’ the digits of the guessed numbers in place-

value columns drawn on the whiteboard. The game facilitator indicates if digits are correct and if 

they are in the ‘right place’. The students can then choose to switch digits between place-value 

columns or to eliminate particular digits from subsequent guesses. E.g. 3521 may be rearranged 

as 5321 based the first two digits being the right digits in the ‘wrong place’ (Ministry of 

Education, 2008b pg. 26). The students decided to capture images of the whiteboard they were 

using to play the game. They also discussed the rules of the game at length while negotiating the 

best way to explain them.   

The student presentations were stored in an online catalogue in individual password 

protected folders. The students, their whānau/families and teachers were given access to their 

respective folders so that they could be viewed both at home and at school. This provided a 

connection between the study and the students’ whānau/families. The study received positive 

feedback from whānau/families about the ability to view the recorded presentations outside the 

classroom.  

The students and the facilitator revisited the student presentations to identify any areas of 

ambiguity in the writing, drawing or oral explanations. Often, the students chose to assist each 
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other in using the ICT to capture their images and oral presentations. This process created 

opportunities for peer feedback on the clarity of the information being conveyed. At the end of 

the intervention programme, the students presented excerpts from their online portfolios at a 

school-wide assembly thereby sharing their learning with their wider learning community.  

 
A student work sample is presented here and discussed in relation to the use of ICT to 

gain insight into students’ mathematics understanding and their ability to communicate 

mathematically in te reo Māori. The facilitator used work samples such as this one to identify 

areas for further language teaching and to quantify the mathematical knowledge and strategy use 

shown against the stages of the number framework. Figure 1 provides an example of student 

evidence that was collected by one of the participants in the second-half of the intervention 

programme. This particular example was accompanied by a video explanation. Interestingly, this 

sample and the accompanying transcript show a slight difference between the written/oral 

explanations and the diagrams and equations.  

Transcript accompanying Figure 1:  

Student 1: Kei ahau e whā ngā hoa me tahi rau [rua] tekau tāra. E hia te moni mō ia hoa? 

(tah) ... Toru tekau tāra mō ia hoa. Toru tekau tāra mōku.  

English translation: I have four friends and one hundred and twenty dollars. How much 

money would each friend receive? Thirty dollars for each friend. Thirty dollars for me.  
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Figure 1 Sample of evidence from student’s electronic portfolio 

Discussion 

In the example presented above, the set-up of the story problem in the written and oral 

explanation seems to imply that the student is sharing $120 equally amongst four friends. 

However, the answer given in both the written and oral solution seems to imply that the money is 

being shared amongst five people, the four friends and the student herself. This difference is 

subtle and may not be intentional. The diagram and equation clearly show that the $120 is 
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divided equally amongst four people. This seems to show that the student has made a connection 

between dividing by four and the concept of quarters.  

Using ICT to capture multiple mathematical representations, in this way, gives the 

opportunity for teachers to gain insights into students thinking and to plan further teaching 

actions and opportunities for assessment. This could include modelling the correct sentence 

structures, giving students the opportunity to reflect on their own language use and giving 

students opportunities to re-craft their presentations. Show and tell software applications, such as 

the one used in this study, can be used alongside other methods of assessment to gain a better 

understanding of students’ mathematical thought process and language use. The use of ICT here 

also provided opportunities for students to collaborate, negotiate and give peer-feedback on 

language use and mathematical thinking. The online presentation format also made it possible for 

students to share their learning beyond their classroom.  

Using the literature and Intervention Study to Inform the Design of Tau Kē6 

The My Mediasite application used in the study provided opportunities for language and 

mathematics learning to be captured using multiple mathematics representations, however, 

feedback on mathematics understanding was not offered within the application. This was 

identified as a gap in the functionality of the existing show and tell software. As a response to 

this, the facilitators of the intervention programme have designed a show and tell software 

application for use on Android tablets, named Tau Kē. The aim is to develop a software solution 

that is designed to strengthen the revitalization of te reo Māori through providing opportunities 

                                                             
 

6 Tau Kē is a Māori expression that means: This is so cool! Tau is also the word for number. (Refer to: māoridictionary.co.nz) 
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for mathematical communication utilizing the specialized language of the pāngarau register. The 

development of the Tau Kē software solution is taking place in collaboration with The Parallel 

and Reconfigurable Computing research group based at the University of Auckland Faculty of 

Engineering, Department of Electrical and Computer Engineering. Further research into the use 

of the Tau Kē software solution is being undertaken to investigate its efficacy in improving 

mathematical communication through the pāngarau register alongside conceptual understanding 

of pāngarau content/concepts. 
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