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Teacher education for early childhood education in Papua New Guinea (PNG) has been
minimal in the past and this paper reports on workshops in which both quality
mathematics education and computers were introduced to teachers in remote areas of
PNG. With a lack of funding and time, the logistics of holding the workshops are noted.
There were some small but significant gains made by teachers. The paper also notes
some of the issues for teachers indicating ways in which further professional
development could occur.

Professional Development in Developing Countries

Much of the professional development (PD) that takes place in small developing countries
occurs when curriculum changes, often at the change of government, and/or the PD is funded
by an external provider under an aid project as happened with this research (Paraide, Owens,
Muke, Clarkson, & Owens, 2023). One of the issues is the importation of whatever the external
provider deems appropriate, generally reflecting global trends. However, in this research, the
PD promoted ideas from mathematics education research on multilingual classrooms (e.g.,
Clarkson & Halai, 2016) and ethnomathematics (Rosa, Shirley, Gavarrete, & Alangui, 2017;
Vandendriessche & Pinxten, 2022). Language is seen as a resource and home languages and
translanguaging are encouraged in the classroom (Planas, Morgan & Schiitte, 2021). When the
teachers work together to express the introduced (Eurocentric) mathematical terms in their own
language, they gain a better understanding of the mathematical concepts (Edmonds-Wathen,
Owens, Bino, & Muke, 2018; Edmonds-Wathen, Owens, & Bino, 2019). Furthermore, with
ethnomathematics, there is greater social justice for all students (D’Ambrosio, Martin,
Frankenstein, Moschkovich, Gutiérrez, Taylor, Kastberg, & Barnes, 2013), and improved
learning, identity, and agency for thinking and working mathematically (Owens, 2014). This
then reflects the importance of working together respectfully to establish Indigenous
knowledges and to meet the Rights of Indigenous Peoples (UNRIP, 2007). Article 14 includes
“to have access, when possible, to an education in their own culture and provided in their own
language”.

The Affordances of Computers for Ongoing Professional Development

Computers have been shown to engage users in learning. They can do this by keeping the
learner active, engaged, seeing the material as meaningful, and being socially interactive
(Hirsh-Pasek, Zosh, Golinkoff, Gray, Robb, & Kaufman, 2015). Videos too have been shown
to be engaging when they have meaning and are discussed. Furthermore, the opportunity to
continue learning beyond the workshop is effective (Hirsch & Nagler, 2020) and valued (Wang,
2015).

The Setting

Papua New Guinea is an amazingly beautiful place with rich cultural heritages of 850
different language groups. It has few good roads, is swampy and mountainous. It is also
relatively dangerous for a variety of reasons. In total 14 workshops were held in six provinces,
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mostly in remote areas. This paper reports on workshops run by Charly Muke in highland
Jiwaka Province with teachers from a number of schools and languages and by Vagi Bino at
coastal Waima close to the western border of Central Province with teachers walking or cycling
up to 10 km from other schools in “the valley”. Roro is the local language. The workshop was
in the new elementary school classrooms. Kay Owens assisted. Two teachers from another
language area joined this workshop. The four of us were accommodated in a room of a bush
material house, sleeping on the floor, with outside latrine and shower enclosures. Charly’s
simple lodge accommodation made a space available for the workshops. His first workshop
with Kay was for all the trainers/inspectors of the province but this paper reports on the later
workshops with computers.

Approvals for the workshops had to be gained so teachers could leave their schools and
come. For Waima, we brought food for participants from Port Moresby on a truck passenger
vehicle supplemented by village food and prepared by the women in the extended family of
Vagi’s former student. Workshop organisation relies on relationships and goodwill. In remote
PNG, there are virtually no opportunities for professional development except for discussions
within the school but that will be limited if teachers have virtually no teacher education which
was the case for the elementary schools. These schools are now replaced by one year of early
childhood education, and Grades 1 and 2 returned to fewer, more distant primary schools.

Research Aims

The aims of the research were to:

1. Use design-based research methodologies to establish a design of principles for cultural
mathematical proficiencies in transition to school;

2. Develop a workshop manual expanding on the principles and incorporating an inquiry
model of teacher planning, examples on different topics and ecologies, and dictionary
guidelines based on past research on PNG cultural mathematics;

3. Organise and deliver workshops to evaluate the research design;

4. Develop a stand-alone interactive website incorporating the pages of the manual
together with video examples for use in workshops and by elementary teacher trainers
guided by a trainers’ manual;

5. Develop sustainable technology for trainers and teachers to use the manual on
professional learning (PL) and to strengthen their teaching through use of the computer
for classroom teaching;

6. To disseminate results within PNG especially for curriculum development and training
and for other colonised communities.

This paper reports on the research to meet, in particular, Aims 3 to 5. The MERGA37 (2014)
symposium (papers by Owens, Bino, Kravia, Edmonds-Wathen, & Sakopa) reported some of
the results for Aims 1 and 2 along with other published papers (see reference list).

The materials in the current phase of the design research involved setting up of a webpage-
like set of information that included each of the chapters of the Manual for teaching
mathematics in early childhood, assessment tasks, children’s readers, material for games,
mathematical terms that could be translated into local language, documents on cultural
mathematics sorted by province, videos of (i) cultural activities that reflect cultural
mathematics, (i1) lesson activities, and (iii) giving assessment tasks. For a teacher they were
very meaningful as they enjoyed watching cultural activities and they could learn more about
teaching. The manual itself covered the topics shown in Figure 1. All these were made available
on a computer, powered by a lithium battery and solar panel and that combination had first to
be sourced and tested.
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Attendance at the workshops was high. No doubt the attaining of a computer, solar panel
and battery were incentives. However, we did not lose sight of the mathematics education that
was the central focus of the workshops.

Research Design

A design research methodology (Kravia & Owens, 2014; Wang & Hannafin, 2005) was
used and this paper refers to the later phases of the design development which introduced
computers to teachers to review material at home and to use in their teaching both for record-
keeping and as a teaching tool with self-made stimulus materials or supplied videos.
Observation during the workshop and questionnaires evaluating the workshops were used to
evaluate the model for professional development. The key for learning and making educational
changes was that teachers need to participate in alternatives, try them out, and know where to
start in planning. In order for teachers to have ownership of changed teaching practices, it is
important to re-establish that teachers are able to and permitted to change. They need to be
motivated to change for the good of their children, to manage inquiry from cultural mathematics
to school mathematics, to assess what and how their children are learning, and have support
from their managers or people that matter. There needs to be a general milieu or architecture as
a context for change of practice (Kemmis, 2022).

Results of Previous Implementations

The previous implementations of the workshops (Owens, Edmonds-Wathen, & Bino, 2015)
showed that:

Teachers Need to Make Greater Use of Children Using Their Home Language

Teachers need to learn how young children learn to count and work with numbers. This
includes in the vernacular with the cultural counting system and later in English for base 10
arithmetic and to use the affordances of differences in the systems such as different composite
groupings and different ways in which the languages might combine words and syllables to
make the number word. Physical activities such as groups of children and stones with a stick to
replace the group and 10-frames can enhance the understanding for students for whom English
is not their first language. Teachers need mathematics readers in the vernacular and English and
to learn to read to the class involving the children with questions or noticing. Teachers need to
ask questions and be resourceful for small group activities so that children can develop their
own understanding of mathematical concepts. Children need to do the talking of mathematics
in a language they understand. This is encouraged by having culturally relevant mathematics,
inquiry method for learning, and mathematics questions that might have more than one answer.

Teachers Need to Recognise Cultural Mathematics and Hence Mathematics as Reasoning

Culturally people use mathematics (patterns and relationships, numbers, spatial
arrangements, measurement, reasoning) to solve problems. They have developed systems of
practice that need to be recognised and linked to school mathematics. Studying the language
used to describe mathematics assists teachers’ mathematical understanding and helps children
learn the concepts well. Teachers use good bilingual education practices to assist children to
speak mathematics in their own languages before or in conjunction with English.

Teachers Need to Plan for and Practice Inquiry in Mathematics

The elementary teachers developed inquiry teaching plans. The inquiry plan for a week
supports good teaching practice (Murdoch, 2022). The steps were Tune in, Decide what to find
out and find out, Sort Out, Go Further, Reflect and Act. Owens had used this plan to integrate
HSIE and mathematics in western NSW and trialled it in PNG incorporating cultural
mathematical activities. Writing a learning plan as a group of teachers with the same or similar
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languages encouraged details such as questions or things for children to notice. The teachers as
a group taught the inquiry plans using their peers or a group of children if available. Teachers
learned to ask open-ended questions using the readers or the cultural activity. The workshops
involved open-ended questions especially in the introduction that encouraged the teachers to
share and speak. They used our developed teaching design and supporting resources such as
group games and readers, and they found resources or activities around the venue. The teaching
design was supported by PD that covered key mathematical processes, the inquiry approach to
teach, and early childhood mathematical thinking. The inquiry method encouraged teachers to
go further with the concept in class, going deeper and making connections to home or other
mathematics, applying to new examples, or taking action on new learning.

Implementation With Computers

The small laptops were loaded with an earlier version of Microsoft Office that did not rely
on the Cloud or yearly renewal and a freely available compatible program, Libre. The materials
were presented in a website format so that each aspect could be connected by a link (Figure 1)
prepared by Vagi with assistance from Kay. The batteries were all charged. The screen could
be a touch screen engaging teachers through touch. However, we also taught them about files,
word processing, taking photos and inserting them into a word document, and spreadsheets as
teachers already kept records on paper on attendance and student outcomes.

The initial tutor’s manual was prepared by Sorengke Sondo and Kay for a Madang
workshop. This was checked by Vagi who had been teaching basic computing to students at the
University of Goroka for some time. We began the workshop by using an introductory name
tag game to show a question can have multiple answers and to note who was doing the talking,
and then discussed the overview given in Figure 1. One of the features of this implementation
was students using computer programs: (i) Windows Explorer: to find information such as a
game, the assessment tasks, early mathematical learning, the inquiry learning plan and an
example lesson plan, and they set up folders, and saved Word and Excel files, (i1)) Word or its
equivalent: after our introductory activity, they typed in features as an example learning plan
(with headings, text, questions and dot points), and the outline of their own learning plan using
the inquiry model, (ii1) Excel or equivalent: recording the items on the assessment test and the
results of testing their peer, and (iv) websites: as the manual presentation simulated a website,
they scrolled down and used drop-down menus for more information. These were paired
activities working with one computer. After the workshop, the menu and drop-down menus
were placed on the left side.

Teachers first gave the purpose of the lesson (from their syllabus). They detailed the village
activity related to the inquiry in the funing in (introduction). Then they discussed and decided
what the students were to find out and how and typed that in their plan. In the sorting out phase,
they typed how students would summarise what they found out. The teachers were encouraged
to add questions or mention things they wanted the students to notice. (Already this was far
more than they had planned before.) In the next phase, students were to go further such as ask
a “what if” question or apply what they learnt to another situation or problem. We emphasised
this phase. Finally, students share their learning, plan to do something, or connect the new
conceptual understanding to another part of their knowledge, usually mathematics or culture.
This was to be a week of lessons. Teachers planned questions to ask students about the early
readers and developed their confidence by reading as if to a class. The two or three teachers
working together shared their learning plans with the rest of the class. As time was short, they
partially taught the plan, describing parts that they did not have time to implement.
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Figure 1
Front Page of the Computer Information With the Manual and Additional Material
b W G

“w»+"  Mathematics in Elementary Schools

Languages and Cultural Practices (Papua New Guinea)

Home| Cultural Activities| Cultural Capacity Language Ihinking Math Early Thinking' Early Childhood Fducation Learning Experiences Planning for Inquiry Assessment

Assessment Questionnaires Details of cultural mathematics Suggestions for dictionary  Videos Readers

fou are here: Home =
Quality Elementary Mathematics

Welcome to a design for professional learning for elementary teachers. (Prep, Grade 1, Grade2)

The set of key Ideas cover:
Early Childhood Education
Cultural activities

with mathematics ECE Mathematical activities
Mathematical thinking
K st Inquiy planning Early Mathematical
Thinking
Implementation
Assessment and reporting
Data

Charly observed lessons and he also gave six of the teachers who attended a workshop with
computers a semi-structured group interview (see long quote in results) so they could hear other
responses and feel comfortable sharing but he noted the individuals who commented.

The Waima workshop used an evaluation questionnaire and 18 of the teachers completed
it. Key themes were drawn from their responses and summarised.

Results

One of the results of these workshops was the ownership taken of the materials by Vagi
and Charly. He reported:
The week before the workshop, I observed two lessons and videotaped them. The common teaching

approach I observed was very much teacher centered. Both teachers were talking most of the time
and used limited activities that involved children.

Therefore, 1 had to connect this experience to Inquiry base teaching and learning during the
workshop. I used the following diagram (Figure 2) to emphasise that learning is the core business
of a classroom context, even though layers of other factors play a part, including teaching process.

Figure 2
Models Used in the Jiwaka Workshops

Definition — is the organised investigation

TEACHING
(Teacher)

Inqui
based

teaching
(EARNING - Who does the organising and how and - Who does the investigation and how
what? to enhance learning?
el e Teacher plans and prepare for games, e Children investigate and actively lead
thnomathematicA_ games play and realistic contexts for students to in their own learning of mathematical
investigate for mathematical ideas. ideas through Games, plays and
e During the lesson, teacher become realistic context
facilitator and scaffolds for students to
succeed in investigation.
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I emphasised that teaching process is important but the technique used in teaching must be those
that promote the learning process. Learning is the end product of a classroom and the other factors
including teaching must contribute to successful learning. Teachers must facilitate and be the
facilitator of learning by providing environment that engages students to learn.

The latest researched and approved teaching/learning technique that promotes learning is INQUIRY
based Technique. (He told them), in this workshop, I will explore this technique in detail.

Charly used the manual to provide the key ideas in a reduced format that he knew would
meet the needs of the teachers (Figure 3).

Figure 3
Summary of Key Ideas From the Manual

Teachers' Role

. Plan — Identify what you want children to learn before setting out the | » Encourage students to be:
resources, including: o Curious
o Facts o Imaginative
o} Ideas o Enthusiastic
o Mathematical thinking o Ask questions
o Skills . Help children to develop the skills of:
. Questioning o Observing
o Ask questions — use focus questions to help children learn the o Comparing
appropriate: o Classifying
. Language o Measuring
To make comparisons o Communicating
Look for multiple solutions o Predicting
. Questions that will help children generate further . Provide children with TIME to:
questions of their own o Think about ideas
o Plan questions that help: o Discuss them with their classmates
Tuning in exploration to encourage children to question o Make observations
. Specific finding out exploration and questions o Find additional examples
= Going further exploration and questions o Think of alternative explanations
" Ma!(ing ‘:9“5'”5]0"5 abqut explqraﬁons o Test ideas in situations that seem applicable
Taking action and applying the ideas o Think about what they themselves do, not what they see
. Reflecting and sharing and linking to other ideas
others do
. Make comments o Do things in groups where they must think critically and
. Offer resources — move children to problem-solve and predict communicate with each other
potential outcomes o Practice and master skills such as measuring, recording, and
communicating
Students' Role
. Action: . Promotes:
o Play o Cooperating and interacting with other children
o Explore o Reasoning and reflecting
o Observe o Imagining and inquiring
o Participate in dramatic play o Assessing and evaluating
e} Help with model

Teachers spend less time talking and telling, and children spend less time memorizing facts.

In a later workshop, Charly first asked the teachers if they had used computers before. None
had used a computer before and only two of the six said they knew something about them.
Because the workshops were only two days, he gave them the computers to use for professional
learning and teaching as they wished. He encouraged them to find out more from other people.
They came back showing they had really explored the laptops and the programs and what they
asked to know more about is quite revealing of their gained knowledge. The responses were in
Tok Pisin (PNG lingua franca spoken by most people including all the researchers) and
translations are presented in parentheses: a) (Can we use modem to access internet), b) (We did
table but making it big or small, I found it hard), c) (I found it hard to download to a flash drive),
d) (We used digital camera and took pictures, and when we want to paste in the word document
as a part of a report, we found hard to do that), and e) (I wanted to get pictures using the laptop
camera but when I tried, it took me instead of people in front?). The comments by one teacher
reflect the motivation of the teachers and how they made use of the computers.

Researcher: Morning...Okay, what we will do now, we will generally discuss about the general use

of laptops. I will pose some questions...did you find it easy or difficult to get in (use it)?

Kevin (pseudonym): (When I first got the laptop, my hand was shaking and I found it hard to use it,
but you went through and I was okay. It was easy for me to use the program. It looked very
interesting to me)

Researcher: Yu bin creatim sampela samting? (Did you create anything?)
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Kevin: Mi go inside long microsoftware na mi type. (I went into Microsoft ware and I typed)

Researcher: Yu typim wanem? (What did you type?)

Kevin: (I typed attendance record of my students and typed meeting minutes for my school. That’s

why, I see that it is becoming interesting in my life)

Researcher: Ol file stap inside, yu lukim tu? (Did you see the files inside)

Kevin: (Yes, I opened myself and checked the file stored inside. I saw some information inside, I

took it, compared them back to my teaching and it was interesting, my children also enjoyed my

lesson. Sometime I carry it to the classroom and show it to the children and they were happy)

The workshop at Waima had more teachers and more females and the computers needed to
be shared (12 between 20). They were all pleased to learn to use the computers although some
felt they needed more to ensure they could learn to use them well. However, they were
exceptionally positive about the material on teaching with the inquiry method. They also noted
that they liked the open-ended questions and getting children to find out. They appreciated that
the mathematics was about the children’s lives which they felt was important. When they
planned their lessons, they used group work, games, and readers and had the children doing
most of the talking. Typical responses were:

Purpose of education happens from the child at home, enable children's mathematical learning, e.g

pair and group work helps both the teacher and the children, inquiry planning approach and role of

assessment, this method makes planning more meaningful and effective.

I have learnt teacher ask questions and children do all the talking

...used games questions and drama in planning in weekly plan which was handy

The teachers wanted a longer workshop for computing and learning the new teaching way.

A previous paper has reported on the fruitful discussion using their Tok Ples (language of
the place, that is the villages), Roro, to express division (Edmonds-Wathen, Owens, & Bino,
2019). In Jiwaka, teachers used their Tok Ples and Tok Pisin as well as English to teach but
since the teachers came from different places, the workshop was in English and Tok Pisin and
a little Waghi. The interviews were in Tok Pisin as the language of relational communication.

Conclusion

Throughout the design research, the project involved PNG researchers and co-researchers,
Elementary Schools inspectors/trainers, Elementary Provincial Officers, Division of
Curriculum and Assessment Development Officers, and University and Teachers College
lecturers. Two trainer’s manuals were prepared, trialled and finalised (one for when we had a
physical copy of the manual and the other for when it was on the computer).

The design considered mathematics, early learning of mathematics, and cultural and
linguistic aspects of mathematics and mathematics education. The set of principles for teaching
Mathematics in early years in PNG was developed, implemented, modified with each
workshop, and finalised based on theory and practice. A 100-page manual was prepared, trialled
and finalised covering each principle, the inquiry method of teaching, exemplars, and
questionnaires for teachers and children. The manual was relevant to PNG cultures and
readable. Six books for early readers in English but with space for Tok Ples had a mathematics
focus on three conceptual areas that had shown difficulties — the meaning of area and area units
for measurement, place value, and equal-row representation of multiplication. All aspects were
linked effectively to PNG cultural backgrounds and languages. Workshops ran on small group
inquiry and active methods as models of good mathematics teaching.

We sourced, trialled, and supplied small touchscreen computers powered by solar with
lithium battery. They were easy to assemble, the e-resource was relatively easy to use, and the
computers functioned without the need for internet or the “cloud”. Videos that had been used
in the workshops with the manuals were added to the e-resource learning. The interactive, stand-
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alone e-resource hyperlinked to videos and research on PNG cultural mathematics, videos of
teaching and how to interview children with the questionnaires. The e-resource was provided
together with Word, Excel and PowerPoint programs which they learnt to use, file and retrieve.
Teachers used the e-resource, took photos and added them to files.

Unlike Kemmis’ (2008) premise, government structures in the end were not supportive but
teachers were assisted by Charly and Vagi to continue with inquiry learning associated with
cultural practices.
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