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Two strategies: 

•How working collaboratively through an online 
environment can support problem-solving skills of 
students  

 

•Weekly puzzle competition – whole school 



What is problem solving? 
 

• “Problems are situations with no obvious solution, and solving 
problems requires thinking and learning in action” (OECD, 2014, p. 
26). 

 

• Problem solving is “concerned with non-routine tasks” where one 
“can’t apply previously learned procedures” (OECD, 2014, p. 30). The 
chief examiner reports recommend that teachers engage students in 
non-routine tasks (SEC, 2015a, 2015b). 

 



Polya’s 4 step Problem Solving process 

• Multi –representational 

 

• Explaining  

 

• Collaborative 

 

• Scaffolding 

 
 

 

• Justifying using words 

 

• Checking answers 

 

• Perseverance 

 

• Try again 

 

 

 

 

• Attempting the problem 

 

• Using words to explain what it 
means 

 

 

• Identifiable 

 

• Non Routine 

 

• Knowledge Base 

 

• Describe using words 
Understand 
the Problem 

Devising a 
Plan 

Carrying out 
the Plan 

Looking 
Back 

(Polya, 1957, p.xvii) 



Theory – themes that emerged from literature 

• Reflecting and trying again are key elements of problem solving (DES, 2013; Hurme & 
Järvelä, 2005; Kim & Hannafin, 2011) 

 

• When problem solving, one should use words to describe, explain, or justify what they’re 
doing (Hurme & Jarvela, 2005; Muir et al., 2008; SEC, 2015a). 

 

• Students should aim for a multi-representational approach when problem solving 
(Boaler, 2010; Schoenfeld, 1992). 

 

• Problem solving should be collaborative (Kim & Hannafin, 2011; Tanner & Jones, 2000). 

 

• Scaffolding is where teachers do not tell students too much but instead guide them by 
asking stimulating questions; scaffolding can enhance problem-solving skills (Polya, 1957, 
p. v; Tan Yeen-Ju, Mai, & Selvaretnam, 2015, p. 845; Tanner & Jones, 2000, p. 29). 

 

 



Background 
• Problem Solving (PS) - an integral part of mathematical learning (Boaler, 2010; Polya, 1957). 

 

• Problem-solving skills in demand in today’s workplace and in education (OECD, 2014, p. 26).  

  

• Project Maths course was introduced in 2008. One of the aims of the new syllabus was to 
embed problem-solving skills amongst students; to steer them away from the procedural 
approach which dominated the “traditional” mathematics classroom (NCCA, 2005, p. 18) 

 

• A need for collaboration and digital skills, amongst others, to be embedded in the new 
Junior Cycle  (DES, 2015a, p. 7) 

 

• One of the key points of the Digital Strategy for Schools is to embed digital skills within all 
subjects of the curriculum (DES, 2015b).  

 

• The Minister of Education in 2015, Jan O’ Sullivan, encouraged all teachers to use 
technology “to give learners the tools to collaborate and to examine engaging problems”.    

   (http://www.education.ie/en/Press-Events/Press-Releases/2015-Press-Releases/PR15-10-07A.html) 
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The problem 
• Since the introduction of Project Maths, reports suggest that students still lacking 

in PS skills, in particular in problems involving algebra – Chief Examiner Reports, 
PISA 2012 and PISA 2015 results (Perkins & Shiel, 2014, p. 7; SEC, 2015a, 2015b). 

 

• Latest, PISA 2015 - students are still struggling with “higher-order” skills such as 
problem solving (DES, 2016, p.11). 

 

• Research suggests that students’ exposure to problem-solving skills in a 
classroom environment is limited (Bray & Tangney, 2016; Kim & Hannafin, 2011; 
Schoenfeld, 1992).  

 

• Teachers feel pressure of terminal exam and are therefore reluctant to facilitate 
methodologies such as group-work and setting open-ended tasks (NCCA, 2012, p. 
11) 

 

 



The research 
• This research investigated if working collaboratively through an online 

environment can support problem-solving skills.  

• Google Docs, the online environment used for this research, allows 
for collaborative editing of a document.  

• An exploratory case study was carried out which involved 30 post-
primary students from a 2nd year Mathematics class, ages 13-14 
years. Working in groups of 4 or 5 they were given problems to solve 
on the Google Doc environment over a two week period.  

• The research employed mixed methodologies.  

• Findings of the research concluded that working collaboratively 
through an online environment can support problem-solving skills of 
post-primary mathematics students. 



Findings demonstrated that in the Google Doc 
environment… 
• Students were reflecting and/or trying again. 

• They were using words to describe what they were doing 

• They applied a multi-representational approach to problem solve 

• The Google Doc environment supported scaffolding by the teacher 
and others in the group. 

• They were working collaboratively. 

 



Reflecting and/or trying again 

Evidence of a willingness to accept that solving a problem involves work and time; that it is important to 

reflect on a problem and persist with it - displaying a productive disposition 

 





• Students were conscious that the others in their group would be 
looking at their work; this motivating factor causes them to reflect 
more through explaining the way they solved a problem.  

 

• The comments tool allowed the teacher to remind students to check.  



Using words  



• It was because other people were viewing their work, students felt 
the need to explain what they were doing. 

 



Multi-representational 



• It was the collaborative nature of the online environment that 
encouraged students to demonstrate different ways to solve a problem.  

 



Scaffolding 
• .. by teacher and student 

 

 

 

 

 

 

 

 

 

• Allows for formative feedback (NCCA, n.d.). According to Hattie (1999), feedback 
is the most important thing a teacher can do to enhance student achievement; 
it’s about helping students knowing how and why they understand or 
misunderstand, “what directions the student must take to improve” and 
“matching the next teaching act to the present understandings of the student” 

 

 





Collaborating 
• Collaboration supports problem solving (Kim & Hannafin, 2011; 

Tanner & Jones, 2000) 

• The Google Doc online environment allows students to communicate 
and help each other 

 

 

 

 

 

• Collaboration is an important key skill; Junior Cycle, Digital Strategy, 
Project Maths curriculum 

 





Motivation 
• The collaborative online environment introduced a level of 

competition and raised the level of expectation of what an individual 
can achieve.. 

  “It helped me … to be able to get formulas for different  

  harder problems” 

• Students pushing themselves to learn new things. Student learning 
how to solve a problem using Logs (Leaving Cert standard).. 

 

 





Whole school approach to embedding 
problem solving 
• Numeracy initiative 
• Weekly puzzle competition for all students in the school 
• New puzzle hung up every week 
• Students submit their solutions to me on paper or by email 
• Students have to describe how they get their answers 
• The word “maths” not used 
• No pressure put on students or teachers 
• Teachers (non Maths) doing it with their students during tutor time 
• Weekly prizes 
• Prizes will be awarded at the end of the year 

 









EAL teacher 

• “Today the language support programme was visited by two inspectors… 
they were in A4 for about an hour to chat to  some of the students, see how 
the programme works, look at projects etc... anyway, at one stage they 
looked around  and  realised that about 8 students  (some first and second 
years, a fifth year) in different corners of the room were all working on this 
week's  puzzle, some with pen and paper, some using mini white boards, a 
couple on laptops.  No one had told them to do it... it was just that when 
two students took the puzzle down from the whiteboard and started on it, 
and then others saw them working on it , they wanted to too..... They were 
blown away - they said how great it was to see students working so 
enthusiastically on maths... and especially because they had chosen to do 
it, not been told to.” 

 







Creativity 



• “I entered the competition because when I looked at the first puzzle, I 
was immediately interested in it… What I like about the puzzle 
competition is that first it looks easy but actually it isn't always as 
easy as it looks!( fruit puzzle)” 
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