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1. Capstone FUTURE

Capstone FUTURE is an international and interdisciplinary project conducted by master’s degree students 
both from Finland and China in collaboration with the University of Turku, Finland and Fudan University, 
Shanghai, China. 

The project is sponsored and assisted by HP Calculators division. As project’s main sponsor, HP offered 
the students an ill-defined problem setting and a real-life business case to be solved. In addition, the 
University of Turku and the Student Union of the University of Turku have supported the project. The 
financial support has been used to cover the traveling costs, workshops and prototyping sessions both in 
Finland and in Shanghai, China.   

1.1 The Main Objective 

The main objective of the Capstone FUTURE project was to study the future of mathematics learning 
and integration of technology in mathematics education in Finland and Shanghai. The teaching practices 
and attitudes in technology-friendly and rich Shanghai do not give the right impression of the overall 
situation in China, where the gap between rural and urban areas remains big. Therefore the findings 
related to Shanghai cannot be generalised to cover the whole country.  

Fieldwork studies and teacher interviews were conducted in secondary schools both in Shanghai 
and Finland in order to understand current and future ways of teaching and learning mathematics. In 
addition, a Delphi study was conducted to examine the future of technology integration and calculators 
in mathematics education. Moreover, the role of calculators in mathematics education and market 
environment was studied with a questionnaire. The findings contribute to the design and development 
of a prototype of mathematics learning software.

1.2 The Activities
 
The Capstone FUTURE project lasted seven months, from the end of February until September 2013. The 
team consists of 10 students from the following disciplines: Engineering Sciences, Computer Science, 
Social Sciences, Educational Sciences and Economics and Business Administration, including Futures 
Studies. From the University of Turku altogether eight students participated the project and two students 
from the Fudan University. The students were selected based on their applications and resumes. The 
project had a designated coach, a university teacher, who was responsible for selecting the team members 
as well as introducing the new way of learning for the students. 

During the course of the project several different activities were 
arranged. Regular weekly team meetings were held during the 
academic year and the summer season. Video conferences were 
arranged with the team members in Shanghai. 
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Fieldwork took place in April in Finland and in May in China. In both countries, both students and 
teachers were interviewed, a student questionnaire was distributed and lessons were observed. 
In addition, the team invited high level decision-makers, researchers of math education, teachers, 
students, their parents and developers of educational technologies to two Delphi expert panels. They 
were asked to estimate, comment and brainstorm the prospects for learning mathematics in 2020. Two 
panels – one in Shanghai and one in Finland – were run during the summer. The themes explored with 
Delphi technique included the futures of calculators and other ICT used in math classroom, the changing 
methods of learning and the impacts of technology. 

Furthermore, three workshops with different themes were arranged. The first workshop took place 
in Finland. The main focus was on team building and understanding the project scope and operating 
environment. The second workshop was arranged in Shanghai where the focus was in designing and 
prototyping a new learning tool for learning mathematics. The prototyping workshop gave the students 
valuable experience of designing actual products. The prototypes were based on preliminary findings 
from the fieldwork research. In addition, a third workshop was arranged as a noon-to-noon session in the 
archipelago of Finland, at the University of Turku research base in Seili island. The aim was to finalize 
the prototyping of mathematics learning platform for high school students. There the final design of the 
interactive platform called MathMates was agreed. 

Capstone course in general  
The Capstone courses at the University of Turku are designed to be team-based project 
courses with real-life ill-defined problem setting and a defined customer. The students face 
an open-ended problem setting, which they solve as an interdisciplinary team. The aim is to 
have students from a wide spectrum of disciplines provided by a multidisciplinary science 
university. Typically, the course lasts one academic year and students receive 15 ETCS 
for actual project work and have possibility to take additional courses 15 ETCS.  In the 
Capstone courses the intended learning outcomes are related to improving problem solving 
skills by working in ill-defined problem settings and acquiring relevant working life skills.             

The Intended Learning Outcomes are listed below: 

1 Analyse technical problems in a systems view
2 Analyse and solve technical problems which are incompletely stated and develop iterative  
 strategies subject to multiple constraints
3 Develop strategies for systematic choice and use of available engineering methods and too
4 Make estimations and appreciate their value and limitations
5 Make decisions based on acquired knowledge
6 Pursue own ideas and realise them practically
7 Assess quality of own work and work by others
8 Work in a true project setting that effectively utilises available resources and applies good  
 timely project management practices
9 Explain mechanisms and processes behind progress and difficulties in projects
10 Communicate engineering in a interdisciplinary environment to different   
 stakeholders – orally, in writing and graphically

 
           Source: University of Turku Engineering Curriculum 
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1.3 On This Report 

In the first chapter of this report, the process description and the findings of the fieldwork are presented. 
Such issues as the current use of learning technology, calculators in high school classroom and attitudes 
towards the technology usage are covered. It seems that in Finland the information technology is seen 
to enhance the quality of teaching, improve the time-efficiency during class and motivate students. 
However, if the technology infrastructure is not well designed and the use of it is time consuming, it was 
seen as an obstacle for more intensive technology integration. In Shanghai, the use of technology in high 
school mathematics is less extensive, even though information technology is utilized in certain topics 
of high school math. Nevertheless, Chinese teachers are not against the involvement of information 
technology in teaching mathematics as long as it can improve students’ exam performance. Some 
respondents believe that ICT is helping in demonstrating certain topics of high school math effectively. 

In the following chapter, the Delphi study and its findings are presented. The results of the Delphi study 
gave the team both the opinions on and the ideas of the most likely and most desirable future ways of 
learning mathematics. Overall, three major findings contributed to the idea and design of MathMates. 
Firstly, it can be argued that the role of the Internet and online learning will be central in the future. 
Secondly, the traditional ways of learning mathematics are substituted by new methods: peer learning 
and more individually designed learning paths are facilitated by the development of ICT. Thirdly, we 
anticipate that the electrification of the math learning environment and the increasing availability of 
the ICT are making an impact on the teacher-student relationship. The ICT allows for the students to 
complete basic exercises with less assistance from the teacher; with more difficult tasks the teaching 
skills of the teacher are still highly crucial.  

In the last chapter we introduce MathMates, our future learning tool of mathematics. Developed to 
meet the identified future trends and needs, MathMates is an interactive platform that allows students 
to conduct math exercises together with a friend. It is an online application, since many of the key 
activities of learning math are anticipated to take place on the Internet; separate devices are not the 
future. Furthermore, the future possibilities to extend the prototype are covered in the report. The system 
could be used as a classroom application and even extended to different age groups. With a handwriting 
recognition system MathMates could be used as an auto-correct homework platform.   
 
The Capstone FUTURE team would like to thank the team coach Ville Taajamaa for his support and 
advice during the project. 

We are also very grateful for HP Calculators for the financial support and other assistance. Without their 
contribution this project would not have been possible.  

The Capstone FUTURE team 
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2. The Great Expedition: Fieldwork in Finland and China

In the 7-month Capstone FUTURE project, the team has devoted 2 months to conduct fieldwork in five 
high schools of Turku, Finland and Shanghai, China. The fieldwork was conducted in April and May 
2013. The multidisciplinary team explored the future of mathematics learning and integration of tech-
nology in mathematics education in high school level. 

Quantitative and qualitative methods were employed to conduct the two-month fieldwork in Turku and 
Shanghai. 100 Finnish students and 109 Chinese students participated in our surveys, while 12 of them 
and 7 teachers were interviewed. The FUTURE team had also observed 4 high school mathematics 
classes in Finland and 4 classes in China. 

Samples: selected by non-probability sampling

While conducting the fieldwork, we decided to interview current high school students and 
teachers in Turku and Shanghai. 

We contacted Finnish high schools and Chinese high schools by phone and via emails. 
Student interviewees were selected on-site. 

Samples: 
Turku, Finland:  2 high schools
 >Turun normaalikoulu (Norssi)
 >Turun Suomalaisen Yhteiskoulun lukio (TSYK)
Shanghai, China: 3 high schools
 >Fudan Experimental High School 
 >High School Affiliated to Fudan University 
 >High School Affiliated to Fudan University – International Education U.S.A. 
  > Special Education School

Details of samples: 
 >100 Finnish high school students, 4 classes, aged 15 – 17
 >2 Finnish teachers
 >109 Chinese high school students, 4 classes, aged 16 – 17
 >5 Chinese teachers

Interview and survey questions were translated from English to Finnish and Chinese. Lessons were in-
structed in Finnish, Chinese or English. Interviews were carried out in Finnish, Chinese or English by 
native speakers of the team. Interview answers were translated from Finnish and Chinese to English. All 
translations were completed by the team. Respondents remain anonymous in the report.  
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2.1 Interviews with students 

The team interviewed 4 Finnish and 12 Chinese high school students in order to gather their opinion on 
calculators, other ICT learning tools and desirable educational devices in the future. 

2.1.1 Finnish Students: Findings

4 students from Norssi were interviewed. Interviews were conducted in Finnish by Finnish members of 
the FUTURE team. Answers were given on a voluntary basis.

What did Finnish high school students think about calculators?
Advantages Students use calculators for mathematics, chemistry and physics.  Calculators 

help in drawing pictures: very helpful for double check. 
 

Limitations Current education on calculators is not enough: students reported that they do 
not receive enough training for new calculators, although they had expected 
instructions. Also, calculators have different user interface: students’ inertia to 
switch to another calculator. In addition, it is not easy to insert long equations. 

How to use it? When students need help with the use of calculators thay ask teachers or 
friends. Students read user manual only if necessary. Online instruction videos 
are not popular, although students find it interesting idea to have them. 

Graphic calculators Students consider graphic calculators as “not a must-have” and those are found 
to be  too complicated to use. 

Touchscreen calcu-
lators

All students interviewed welcome such products. 
Not useful for memorizing formulas: students suggested a menu of formulas or 
guidelines embedded in the device. 

What did Finnish high school students think about other ICT learning tools?
Social Media: Face-
book

Students help each other online through Facebook. Some students draw 
graphs with Paint and then send the image. 
They find that there is room for improvement: better capabilities to present 
mathematical symbols. 

Educational games Games are used in elementary schools as part of teaching, 
Half of the students consider them fun at first, but one loses interests as time 
passes. Games are considered to be too simple. 
Games for leisure is better: they train students’ perceptions and reactions. 

Digital material Students responded that they lack of patience to learn from a website: it is 
easier to ask at school. However, digital material was considered to be useful 
before exams. Students have found enough exercises for maths and physics.  

Presentation slides The students found presentation slides to be a good idea. Slides were consid-
ered to be time-saving: students do not need to copy manually.

Laptops Students have laptops, which are sponsored by the school. They use them 
always in classes: to open exercises and slides. 
However, laptops are used for reading, not for writing: paper is easier for 
students to write on.  
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2.1.2 Desirable mathematics education devices in the future

During the interview students described their opinions on the desirable math learning tool in the future.  
The students mentioned that they use a program called WolframAlpha, because their teacher had 
mentioned it. However, the program was not used during lessons. Also, a student wished that distance 
learning could be empahised more in teaching. Some students live far from their schools and distance 
learning would save their weekly commuting time.  

Students were also asked to describe the desired features of future math learning devices. Students found 
user-friendliness to be very important: one should not spend more time on learning how to use the device 
than math itself. Future devices should also be interactive and illustrative. Also, students highlighted the 
importance of teachers: students depend on them, not technology, for learning. Communication between 
teachers and students is the key of education. 

2.1.3 Chinese Students: Findings 

5 students from Fudan Experimental High School,  3 students from High School Affiliated to Fudan 
University - International Education U.S.A. and 4 students from High School Affiliated to Fudan 
University were interviewed.  Interviews were conducted at school in Chinese by two Chinese team 
members. Answers were given on a voluntary basis. 

What did Chinese high school students say about calculators? 
Popular brands Casio

Texas Instruments
Advantages Students found calculators helpful for calculating large amount of calculations, 

easy to carry with and not tiring to use. 
Calculators are also cheaper than computers. 

Limitations Calculators are not allowed in public exams. 
Teachers discourage the use of calculators and it was considered that calculators 
cannot outperform human calculation. 

How to use it? When students need help with the use of calculators, they consult the popular 
search engine Baidu or their teacher or parents. Few of them read user manual 
or ask fellow classmates. 

Future Majority of respondents believe that calculators will be replaced. 
Only few students believe that calculators cannot be replaced. 
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 What did Chinese high school students say about other ICT learning tools?
Social Media: 
QQ

QQ is the most popular social networking software in China. 
It is found to be good for geometry, but bad for functions.  
Students can take photos of graphs and send them via QQ to their classmates. 

Tablet Wanted features: sketchpad, calculator, notebook for drafts, voice recorder, 
communication software, file transferring
Entertainment features in a tablet for learning are not necessarily welcomed: some        
students emphasize that educational tablets should differ from currently available 
tablets. 
Some respondents are concerned of the price.  

Interactive 
online 
platform

This was not found very effective in Shanghai schools. 
Teachers may not be willing to spend time teaching online after classes 
Not necessary for a boarding school, because  classmates can be reached easily after 
school. 

Educational 
games

25% respondents welcome mathematics games. Students found as “ a must-have 
feature” that games should be only for studies, not for fun. Some students stated that  
games are for children, not for high-school students. Some interviewees see games 
as a ‘harm’ to studies.  
The is a lack of promotion and selection on the market at the moment.

Digital 
material

Some respondents prefer paper rather than digital material.  
Room for improvement: instructions for solving math problems should be included 
in the current digital material. 

    

2.1.4 Desirable mathematics education devices in the future

During the interview students described their opinions on the desirable math learning tool in the future. 
This it could be an automatic graphic device, which could create graphs and demonstrate changes of 
graphs after input of statistics. Also, it could be an online platform in which  one could download teaching 
material from teachers. It could also have a students and teachers.  
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2.2 Interviews with Teachers

The team also interviewed 2 Finnish high school mathematics teachers and 5 Chinese counterparts. In the 
semi-structured interview, teachers talked about the use of calculators and ICT in high school mathematics 
both at the moment and in the future. Interviews were conducted in Finnish and Chinese respectively.

2.2.1 Turku, Finland: Findings

3 teachers were interviewed: 2 teachers from Norssi and 1 teacher from TSYK.  

What did Finnish math teachers think about calculators?
Who decides 
what to buy?

Mathematics teachers at high school 

How to choose 
what to buy?

Teachers choose the same calculator for mathematics and physics.
Price
Advertisement of calculators at school 
Calculator regulations of the Finnish examination board

Graphic 
Calculator

Some students use it
Not compulsory to have one 
Not always affordable by students 
Teachers’ worry about potential harm to students’ mathematical thinking.

Software 
Calculator

Free calculator apps available for students.
Commercial calculator apps are not economical for students: they can only be       
installed in one device. 

Handwriting 
Recognition 
Calculators

Welcomed by teachers and students.
Quality is not good enough: some of them needed to be returned and repaired. 

Future Calculators will be replaced by free, computer-mediated programs within a decade.
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What did Finnish math teachers think about ICT in classrooms?
ICT is good Teachers welcome information technology because it is enhances the quality 

of teaching.
Time-effective for students to take notes
Motivating
Easy to present; especially for topics such as graphs and functions

Effective ICT tools 
in use

PowerPoints
Calculators
Trimble
Geogebra smart board
Saga smart board 
Ready-made videos 
E-books
Tablets

Future Finnish mathematics teachers are looking forward to increase the use of ICT 
in classrooms. 
- More ICT would be involved in teaching if all students have laptops. 
- Students’ access of ICT is the main factor of expansion of ICT usage. 

Free program can ensure equality among students.
- ICT will not replace teachers. 
- Handwriting recognition programs are most welcomed 
- More mathematics exercises as games 

What holds teachers back from using ICT? 
- ICT depends on a well-built infrastructure to function well.
- ICT does not always save time: teachers need to learn how to use it. 

Upcoming education polices and reforms in Finland
Turku: personal laptops will be promoted as an educational tool in 2014. 
However, the teachers are concerned about the difficulty in coping with 
different models of computers. 
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2.2.2. Shanghai, China: Findings

2 teachers from Fudan Experimental High School, Shanghai; 1 teacher from High School Affiliated to 
Fudan University and 1 teacher from the High School Affiliated to Fudan University, Shanghai were 
interviewed. In addition, 1 teacher from Special Education School, Xian Province was interviewed. 

What did Chinese math teachers think about calculators?  
Who decides what to 
buy?

Mathematics teachers

How to choose what to 
buy?

The Ministry of Education in China provides guidelines and in struc-
tions for mathematics teachers to select calculators for maths learning and        
exams. 
Advertisements
Public exposure: Texas Instruments has organized annual mathematics 
competition in Shanghai for about a decade. 
Price: preferably not more than 100 yuans (about 12 euros)

Which calculators  
teachers choose?

Casio: recommended by the authorities and promoted in textbooks and 
other teaching material. It is allowed in the public entrance exam. 

Texas Instruments: a popular choice for graphic calculators. It is the 
standard choice for students under the United States curriculum and 
those who seek to study in U.S. universities and colleges. 

Graphic Calculators Not common in Chinese high schools – only in the schools with good 
academic performances. 
Not allowed in public entrance exams. 
Good for drawing logs and exponent graphs. 
China is promoting graphic calculators. Teachers receive training 
provided by the Ministry of Education. Also, support for graphic 
calculators is available in certain high schools in Shanghai. 
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What did Chinese math teachers think about ICT in classrooms?
Limited use of ICT Teachers do not consider ICT a necessity: it is good for some mathematics top-

ics, but not all. 
Pedagogical concern: mathematics should be learnt in steps, which cannot be 
demonstrated in current ICT. 
Computer is too fast: most students cannot catch the slides. 

ICT tools in use Computers 
Projectors
Smart boards
Geometry sketchpad 
Games
Online interactive platform 

Educational games Teachers are negative about games: games are addictive and distracting.
Games are for kids: high-school students do not need games to learn anymore.
Current games are bad quality. 

Smart board Teachers are not very enthusiastic about it. The special education teacher 
thinks differently.  
Handwriting recognition is not fully developed yet: teachers are reluctant to 
use smart boards even after receiving relevant training. 
Advantage: visuality

Future What are teachers looking forward to? 
- Interactive online platform: parents-students-teachers interaction 
- E-learning: for sharing material, Q&A, uploading homework 

What makes teachers use ICT? 
- If it helps students to excel in exams 
- If it saves time, transmits knowledge better and provides more visuality 
- If it encourages students to do self-studies and revision 
- China is advocating the use of ICT in education
- Effective for special education purposes: deaf and mute students need 
             ICT for visual demonstration to learn. 

What holds teachers back from using ICT? 
- ICT distracts students from studying
- Price 

Upcoming education policies and reforms
- Teachers are not informed 
- Use of educational devices in public exams have not been dicussed
- Teachers’ prediction: ICT will be promoted in the society, but not in 
             educational policies.
-           ICT will become popular in China. 
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2.3  Summary of Findings

The fieldwork identified current phenomena of Finnish and Chinese high-school mathematics education, 
and thus provided a background research for the development of our prototype MathMates, an interactive 
online platform designed to meet the future demand of high school mathematics teachers and students. 

On ICT usage in Finnish and Chinese classrooms, the team found abundant rooms for more technological 
integration into high-school mathematics education. Based on our Finnish data, we concluded that 
there was a lack of technological involvement for classwork and homework, despite the use of ICT 
for teaching. Our Chinese data also pointed to a similar direction, but the Chinese teachers were not as 
enthusiastic as their Finnish counterparts in embracing technology in classrooms. In other words, the 
Finnish teachers are looking forward to more educational technology in the future, while the Chinese 
teachers hold a somewhat elitist view on technology – they considered educational technology only 
suitable for academically competent students. 

Moreover, we identified some conditions for the expansion of ICT usage in high school mathematics 
classrooms. Teachers of both countries are concerned with the price of technology, as it is crucial to 
ensure that all students, poor or rich, have the same access of knowledge. Time efficiency and students’ 
motivation are also mutual concerns. 

On calculators, the FUTURE team concluded that they are still the dominant learning device in Finnish 
and Chinese mathematics classrooms. There are a few factors that might ensure the continuous dominance 
of calculators in mathematics education. First, calculators should be handy and affordable for students. 
If not, it is possible for free, computer-mediated programs to replace calculators in technologically ready 
countries in the future. Second, both students and teachers should be provided adequate training for the 
calculators they use. Third, calculators for high-school students should meet the public exam requirement 
issued by the education authorities of different countries. Simply put, national education policies largely 
determine the market for calculators. 

After calculators, we have discovered that social media is the second most popular tool for students 
to learn mathematics. This finding has inspired us to develop MathMates, because we look forward 
to facilitate interaction and communication among students and teachers after classes. It is hoped that 
MathMates, as a tailored, futuristic learning tool, can replace current social media services, which are 
not initially designed for school. With the rise of ICT usage and demand for touch-screen devices, it is 
believed that interactive platforms, such as MathMates, will be a popular norm for students. 

The next chapter of Delphi study, a methodology to study the future, will demonstrate more insights on 
future mathematics learning environment, as well as grounds for MathMates. 
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3. Exploring the Futures of High School Math Learning in 2020

Delphi Study on the Cases of Finland and Shanghai

3.1 Exploring Probable and Desirable Futures with the Delphi Technique

Delphi method is one of the most basic and well-known methods of Futures Studies. In a Delphi study, 
facilitator/manager (the researcher/researchers responsible for setting up and running the panel) invites 
a group of experts to express their opinions on certain images of future. There are some conditions 
that are traditionally met in each Delphi study. First, the experts are given some chance to revise their    
opinions; second, there is always some degree of anonymity for the answers of the panellists. According 
to Murray Turoff and Harold Linstone, the most well-known developers of the method, Delphi can 
be viewed as a way of “structuring a group communication process so that the process is effective in         
allowing a group of individuals, as a whole, to deal with a complex problem”1.  

The Capstone FUTURE team conducted a Delphi study in order to explore the future ways of learning 
mathematics. The objective of this text is to present some of its findings and thus illustrate the learning 
environment of high school math in 2020 – as envisioned by the two panels of experts. The findings 
presented here are those that have been most central in brainstorming our prototype MathMates – the 
math learning tool of the future. 

Year 2020 was selected as the target year of the Delphi study, because it can be seen as a milestone for 
certain educational policies in both countries. The Finnish Matriculation Examination Board has decided 
that all final exams will be electronic from 2019 onwards, and 2020 thus marks the beginning of a new 
era. The same year also made sense in the case of Shanghai, because the Ministry of Education’s current 
development plan “Information Technology in Education” is supposed to reach its goals by 2020. 

In this section, we shall first discuss why and how the Capstone FUTURE team conducted a Delphi 
study. This is necessary, because each Delphi is different in its design. It will then proceed into the 
findings section, which presents some of the identified probable and/or desirable future ways of learning 
math: first of all, we suggest that some of the basic activities of math learning, such as taking of some 
courses or doing homework, will be taking place on the Internet, in an electronic learning environment. 
Second, individual learning and peer learning are introduced as the likely and desirable alternative      
future methods of learning math. Third, we suggest that although ICT has become the “assistant teacher” 
of the math class, it has not come to replace the teacher, and the high school students of 2020 still 
primarily turn to their teacher when facing problems with math learning.   

1Linstone, Harold; Turoff, Murray. Delphi Method (eds.). Techniques and Applications. Updated web-
based version <http://is.njit.edu/pubs/delphibook/> 2002. First published in 1975, by Adison-Wesley, 
Massachusetts. 

15



3.2 Delphi in the Capstone FUTURE Project

The ultimate aim of the Capstone FUTURE team was to design a math learning tool of the future. 
In order to come up with ideas for such a tool, the team had to explore the future ways of learning 
mathematics: the possible practises, methods, devices and arenas of high school math education in 2020. 
As conventional research methods were problematic to apply for something that is yet to be unfolded, 
the team turned to Futures Studies for alternative techniques. 

Modern Futures Studies start from the premise that future cannot be predicted, but it is possible to make 
“educated guesses” about it. As Delphi technique works well for the purpose, the team decided to set 
up two panels of experts, one in Finland and one in Shanghai. The panellists were made to give their 
opinions on many issues related to the following questions: how is math likely to be studied in Finnish 
and Shanghai high schools in 2020? What is the math classroom likely to look like? How should math 
be studied and what should the classroom look like?

In order to explore what the math classroom of 2020 is likely to look like, the panellists were asked to 
estimate the likelihood of certain images of future on a 7-step Likert scale. What the classroom should 
look like, in turn, was explored by asking the experts to estimate the desirability of the same images of 
future. The panellists were also asked for to explain their estimation. 

Delphi technique can reveal inconsistencies between the likely and the desirable future; sometimes what 
we prefer can be very different from what seems likely to happen. In terms of designing a new product, 
this might well be the right question to ask: what kind of product would make a somewhat unlikely 
scenario to turn into a more likely one? How to make an unlikely, but very desirable image of future 
both likely and desirable? 
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3.3 Description of the Panel Process

Preparing for the Panel: Selection of Panellists
The results of a Delphi study can never be generalised; they only represent the opinions of the panel at 
hand. This is why the selection of a representative panel is a crucial step. The panels were formed by 
following the “cross tabulation” idea of Osmo Kuusi: the panel needs to consist of different stakeholder 
groups of the topic studied and – as a whole – have various types of knowledge relevant to the topic.2 

Thus, the imperative was to identify the stakeholders of high school math and the different types of 
knowledge needed. 

The Finnish panel consisted of top-level decision-makers, teachers, students, parents, developers and 
practitioners of related industries as well as researchers. The types of knowledge needed included 
knowledge of studying high school math, mathematics in general and technology in general. 23 panellists 
accepted the invitation. 

The Shanghai panel consisted of similar experts. However, the team was not able to contact top-level 
Shanghai decision-makers, which is why the panel does not have such individuals. This shortcoming 
was substituted by inviting people from other categories who have knowledge of the decision-making 
process. The total of 19 experts accepted the invitation. Almost all panellists were contacted either 
in person or by phone. Some exceptions were contacted through social media or e-mail. The Finnish 
panellists received official invitation e-mails in late May, whereas the Shanghai panellists received 
theirs in early June. 

Preparing for the Panel: Forming the Claims
The first round questionnaires for both panels were designed and drafted while the team was doing 
fieldwork. The teacher and student interviews and the classroom observations helped the team to explore 
the possible future trends of high school math. The identification of the trends was further supported 
by studying educational policies, various official documents, academic research as well as following 
the media and current debates in the field. The future claims in the questionnaires were based on these 
trends.

The Finnish questionnaire was drafted first. In this process, the group received help and support from the 
Delphi community at Otavan Opisto, especially from Anita Rubin and Hannu Linturi. The questionnaire 
consisted of 24 claims and one open question. They were divided into three categories: ‘Teaching 
Practises of High School Math 2020’ (8 claims), ‘Technology of Math Classroom 2020’ (13 claims) and 
‘Teacher and Technology 2020’ (4 claims).

The Finnish questionnaire acted as the basis for the Shanghai one. Quite a few similar future trends could 
be identified when doing fieldwork in Shanghai, although there were differences as well. Basically, 
many Finnish claims were slightly rephrased or edited, and some were completely deleted. Few solely 
Shanghai-specific claims were also added. The questionnaire consisted of 29 claims, and the claims 
were divided into the same three categories as the Finnish ones. The first category consisted of 9 claims, 
the second of 15 claims and the third of 5 claims.   

Both questionnaires followed the same pattern, and they were written in a story format: the experts were 
invited to embark on a time machine that would take them to the year 2020. The experts were first taken 
to discuss the “big picture” – the practises of math learning in 2020. They then stepped into a Finnish/
Shanghai high school to meet high school students of 2020 (Maija and Pekka in Finland and Li Na and 
Wang Ming in Shanghai) and teachers (Yrjö Ylppö and Teacher Chen). There the panellists were asked 
to estimate the use of ICT in math classroom and in final exams. Finally, the panellists were asked to 
consider the role of the math teacher of 2020.  
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The Course of the Panel

The Finnish Panel

The Finnish first round started in early June. The panel took place on the Internet, on eDelfoi 
platform, which allows for the anonymity of the answers to be ensured and the data to be 
easily analysed. Three individuals tested the online questionnaire before it was opened. Their 
comments led to minor changes in the language. The online questionnaire was open for 
seven days (4.6-10.6). On top of the initial opening notice, two reminders were sent to the 
panellists during the week. Twenty-two out of 23 panellists (96%) answered the first round 
questionnaire. 

The team wrote a summary on the answers of the first round and asked the panellists to read 
it before completing the second round survey. The second round questionnaire was formed 
based on the answers of the first round. In other words, ideas for the new claims were drawn 
from the first round comments of the panellists. The questionnaire had 12 claims that were 
also divided into three categories. The first and the second category were the same as in 
the first round, whereas the third category was different. It was now called ‘the Impact of 
Technology’. The first category had 4 claims, the second 6, and the third had 2 claims. 

The second round questionnaire was open for nine days (17.6-25.6) instead of seven, because 
it coincided with national holidays (Mid-Summer/juhannus).  Before it was opened, three 
individuals tested it. Again, two reminders followed the initial opening notice. This time 21 
out of 23 panellists (91%) answered the questionnaire. The panellist that had dropped out 
from the last round had informed the team about the inability to participate the second round. 

The second round questionnaire brought on few new aspects to be further discussed, which is 
why there was no need for a proper third round questionnaire with new arguments. However, 
the facilitators wanted to give the panellists the chance to revise their opinions based on the 
summary written on the second round answers, and the same questionnaire was reopened 
for a week (4.7-10.7). The fact that very few panellists changed their opinions during this 
“additional round” confirmed the idea that the discussion had come to an end. 

     

2Kuusi, Osmo. Expertise in the Future Use of Generic Technologies. Epistemic and Methodological 
Considerations Concerning Delphi Studies. Helsinki School of Economics and Business Administration, 
Acta Universitatie Oeconomicae Helsingiensis A-159, Helsinki. Also published in VATT Research 
Reports 59, 1999, Helsinki.  
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The Chinese panel 

The Chinese first round started in mid-June. An online questionnaire was formed on eDelfoi. 
Five individuals tested the questionnaire, and some minor changes were made based on 
their comments. Some test persons found that the eDelfoi website was somewhat slow to 
open in China, but nonetheless working fine. The panellists were informed that the online 
questionnaire would be open for seven days (17.6-23.6). On top of the initial opening notice, 
a reminder was sent to the panellists during the week. 

The first week produced weak results. Only 8 out of 19 panellists (42%) had answered the 
first round questionnaire. The team decided to give the panellists more time – 8 more days 
(25.6-2.7) – and offer them an alternative way of answering. A word-form questionnaire was 
sent to the panellists, along with the advice to return it to a person who is not part of the team. 
This person would collect the answers and hand them in to the facilitators. The arrangement 
would ensure that anonymity would be guaranteed. The extra time produced four more 
answers, and all in all, 12 out of 19 panellists (63%) submitted their answers. 

The second round questionnaire was formed based on the answers of the first round, and the 
questionnaire had 11 claims. The claims were again divided into the same three categories. 
The first one had 4 claims, the second 5, and the third 2. eDelfoi was no longer used as the 
platform since panellists had experienced many technical problems. This is sometimes the 
case when foreign websites are used in Mainland China; the situation may even vary from 
day to day. Furthermore, the word-file questionnaire arrangement had turned out being a 
viable option, and it became the modus operandi for the second round. 

The panellists were first given eight days (14.7-21.7) to answer the second round 
questionnaire. Two reminders followed the initial launching notice. Only 7 out of 19 experts 
posted their answers. Once again, the small number of replies made the team extend the 
answering time for some days (22.7-24.7). Two more replies were received during the given 
extra time and a third one soon after. The response rate of the second round turned out being 
53%.  

The team decided not to organise a third round, as the second round did not bring on new 
themes to be further explored. 
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3.4 Findings: Learning Environment of High School Mathematics in 2020 

The Delphi study gave the team both the opinions on and the ideas of the most likely and most desirable 
future ways of learning mathematics. We shall now take a closer look at some of these – the exact trends 
that are addressed by MathMates, the future learning tool of mathematics. MathMates supports both 
peer learning and individual learning while taking into account the central role of the math teacher. 

3.4.1 Future Arenas of Learning Math

Based on the views of the two panels, it is fair to argue that the role of the Internet will be central in the 
electrified learning environment of 2020: some of the key activities of math class may well take place 
online. To start with, both panels were asked whether Internet could – to some extent – replace the 
traditional classroom teaching. The claims were as follows (first the Finnish, then the Shanghai claim):

High school students take some of their courses on the Internet. 
For example, massive open online courses (MOOC) can replace some courses of high school math. 

High school students take some of their courses on the Internet.
In 2020, traditional classroom format is completed with online courses. Students are able to select online 

courses not only from their own school but also from other high schools. 

Big majority of Finnish and Chinese panellists found the images of future both likely and desirable. 
There was a strong consensus among the Finnish panellists: some courses could well be taken on the 
Internet, as long as students are still offered help when facing problems. Both Finnish and Chinese 
panellists emphasised that online courses allow for each student to make more personal choices and 
follow individual learning paths. 

The panellists were also asked whether one of the most essential activities of the math class – the 
homework process – could be completed online in 2020. Traditionally, homework is checked so that 
some students are picked to display their solutions on the black/whiteboard while others are waiting. 
The teacher (or the student) then explains what has been done. This means that, at the moment, a rather 
lengthy slot of most math lessons is dedicated to homework. Recently, there has been plenty of discussion 
and at least some initiatives to create Internet platforms where this process could be completed and thus 
made more efficient. In order to ponder the prospects of the practise, the panels were presented with the 
following, rather similar first round future claims:
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In Maija and Pekka’s math courses, the homework is checked on the Internet, on a platform designed 
for the purpose. 

“Electronic learning environment allows for the teacher to see whether students are really doing their 
homework. Teacher will notice early on if the student does not complete enough exercises or gets too 

many wrong answers.” (Tapio Salakoski, eMath-project).

Li Na and Wang Ming are doing their homework on an Internet platform. 
In 2020, math homework is no longer completed with a paper and a pencil. Instead, students complete 
and submit their answers online. The homework platform allows for the teacher to monitor the learning 
process. The teacher is able to follow how well the student completes the tasks and how much time is 

spent for each mathematical problem.   

Majority of the Finnish panellists viewed the image of future as likely and desirable. Many panellists 
emphasised that Internet platforms make it easier for teachers to help the students, as they are able to 
recognise the problems of each student. On the other hand, many experts argued, it may also increase 
the workload of the teacher. 

However, the Chinese panellists expressed more doubts on such development, and the answers were 
scattered both in terms of likelihood and desirability. The reservations where often related to the use 
of computers in doing math exercises, instead of to the actual process of taking the homework process 
out of the classroom. In fact, it was even emphasised that paper and pencil should not lose importance 
for cultural reasons: the use of computers may be harmful for the Chinese traditional writing system. In 
addition, the panellists were commenting on the increase of the teachers’ workload. 
As the answers of the Shanghai panel were so scattered, the theme was further explored in the second 
round questionnaire. The new, refined claim took into consideration the importance the panellists put 
on handwriting:

Li Na and Wang Ming are using tablets to do their math homework on the Internet. 
In 2020, mathematics homework/exercises are no longer made with a paper and pencil. Instead, the 
students are using a stylus to write on the tablet. It gives the same writing experience as the traditional 

exercising with paper and pencil.  

The students download their homework on the Internet. The teachers selectively monitor some of the 
students’ process of solving mathematics problems, completion of homework, as well as the time for 

completing homework.

21



Now all but one panellist found the image of future desirable. Their estimations of the likelihood 
remained rather scattered, although more panellists viewed it likely than unlikely. In fact, there was 
a strong consensus among the panellists: if the stylus function really works like paper and pencil, 
homework can be completed and checked online. 

Internet will not only act as the arena of learning, but it might also change the way math will be learned 
in the future: it allows for new methods and practises to develop and gain foothold. For example, both 
Internet courses and homework platforms were viewed as solutions for individual learning, which is 
one of the future trends we shall now start discussing.

3.4.2 Future Methods of Learning 

The methods of learning math are changing both in Finnish and Shanghai high schools. At the moment, 
traditional teacher-led group learning is the dominant way of learning mathematics in both places. This 
may well be so in 2020 as well, but according to our panellists, new ways have likely and desirably 
come to substitute it by then. 

In the current moment, some Finnish high schools are experimenting with a model of individual 
learning, which allows for each student to take an individual learning path. Rather similar approach 
of learning has also been discussed in Shanghai. In the first round questionnaire, both panels were 
asked whether the model has become an established, widespread practise of math education in Finnish/
Shanghai high schools of 2020.  The views of the Finnish panellists were rather scattered on the first 
round: although most people found the claim desirable, half of the panellists regarded it unlikely, mostly 
for reasons related to the lack of resources. The Shanghai answers were equally scattered: almost all 
experts regarded the image of future desirable, but many found it unlikely. 

A refined claim was made for both panels for the second round. The Finnish panellists estimated the 
following claim:

The model of individual learning completes group learning. 
The model of individual learning is a widely used method in high school mathematics, but group learning 

is still the dominant way of teaching. 

Now majority of panellists found the image of future both likely and desirable. Some panellists also 
believed that technological solutions play an important role in the popularisation of the model. The 
rephrased claim presented to the Shanghai panel was as follows:

The model of individual learning has become an established practice in math education. 
In 2020, the number of students in each math class is smaller than in the 2010’s (i.e., the number of 
students is less than 20 in one classroom). Teachers provide students with an individualised math 

learning environment that allows for each student to make progress based on their skills and needs. 
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The panellists continued to view the claim as desirable, but the answers remained somewhat scattered 
in terms of probability - although more panellists viewed it (at least slightly) probable than unlikely. 
The most emphasised problem was the lack of resources.  However, the fact that the majority of experts 
wished for such an approach to be realised in the future encourages taking initiatives in developing 
possible technological applications for the purpose. 

On top of individual learning, another emerging method may benefit from the development of ICT. 
There has been plenty of discussion on peer learning/social learning both in Finland and in Shanghai. 
The theme came up repeatedly in the various student and teacher interviews that the Capstone FUTURE 
team conducted. The development and popularisation of social media seems to be contributing in the 
unfolding of this trend. The prospects for ICT-assisted peer learning were explored both in Finland in 
and in Shanghai by presenting the following claims:

Maija and Pekka are exercising together in an electronic learning environment that enables social 
interaction. 

The development of ICT has enabled high school math to become a partly social process that relies on 
peer learning. 

Li Na and Wang Ming are exercising together in an electronic learning environment that enables 
social interaction. 

In 2020, students are using ICT to carry out cooperative tasks and learn from each other. Learning math 
has became a more social, discussion-based process.   

Big majority of Finnish and Chinese panellists viewed the image of future as both likely and desirable. 
Many panellists argued that learning could benefit from social interaction: if students are discussing the 
problems they are facing, it is easier to solve them. Furthermore, if better students teach the less skilled 
ones, both can learn.
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3.4.3 The Future Role of the Math Teacher 

The future role of the math teacher is another central issue to be explored when studying future ways 
of learning mathematics. The electrification of the math learning environment and the increasing 
availability of the ICT are making an impact on the teacher-student relationship. Will the traditional 
idea of a teacher as a person who intermediates knowledge to students be challenged in the future? Will 
the teacher become a coach that only facilitates the learning process? Both panels were posed with two 
claims related to the theme. The first claim was presented in the following form to both panels:

When facing problems in learning mathematics, Maija/Li Na and Pekka/Wang Ming are primarily 
turning to their teacher Yrjö Ylppö/Teacher Chen for help. 

Despite the development of the ICT, teacher’s – human being’s – ability to interact with the student still 
plays a highly crucial role in the learning process. 

There was a strong consensus in both Finnish and Shanghai panels: the claim is both likely and desirable. 
The panellists argued that interaction between a student and a teacher is very crucial in mathematics – 
especially when facing problems; technology cannot replace social interaction.

The second claim tackled with the same big theme, but the perspective was different. Both panels were 
presented with an almost identical claim: 

ICT functions as the assistant teacher of math classroom. 
High school students of 2020 use technology to support independent completing of interactive tasks. 

Teacher Yrjö Ylppö/Teacher Chen guides and facilitates the learning process

Most experts in both panels considered the image of future likely and desirable: ICT will help and 
also somewhat change the work of the math teacher. In some situations, the teacher only facilitates the 
ICT-assisted learning process. The ICT allows for the students to complete basic exercises with less 
assistance from the teacher; with more difficult tasks the teaching skills of the teacher are still highly 
crucial. 
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3.5 Conclusions

The Delphi study played a major role in the process of prototyping and brainstorming MathMates. 
Forming the first round future claims made the team to explore the emerging trends of math learning. 
Analysing the experts’ views on the future of math learning gave ideas of the exact trends – the most 
probable and preferable future ways of learning mathematics – that could and should be addressed and 
supported with MathMates. 

MathMates is an interactive platform that facilitates both peer learning and individual learning. It is an 
online application, since many of the key activities of learning math are likely to take place on the Inter-
net; separate devices are not the future. The central role of the math teacher is not ignored: the teacher 
is able to enter the platform and advice the students when they are facing problems they cannot solve 
themselves. In the following chapter we shall take a closer look at the prototype itself. 
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The MathMates 

 The Story of a Prototype

26



4. The Prototype: MathMates 
Mathmates is an easy-to-use, accessible and intuitive tool to solve mathematical problems together 
with a friend. It is based on the fieldwork and Delphi research.This chapter is divided into five sections: 
introduction; background where we take a look at the current situtation with its problems and things 
that inspired this prototype; user experience where the usage and feel of the application from a user 
viewpoint is discussed; developer corner where we reveal the technical background of the application 
and finally the possible future extensions of the prototype.

4.1 Background  

Currently, if we want to solve mathematical problems together online, the options are quite limited. 
We can do this via telephone (speech) or via text-based chats such as social media platforms, instant 
messaging and IRC (text). But both speech and text are limitations when we are discussing  teaching 
mathematics since math is a symbol-based language. With speaking we can express anything imaginable, 
but we lose accuracy and efficiency. With text, we gain accuracy but lose the ability to comfortably 
express mathematical expressions. Consider the following formula:

and its equivalent ASCII presentation:

integral(sin(x) exp(log(x)+1/3)) dx

It is easy to see that the first one – using mathematical notation and symbols – is accurate, fast to 
draw and easy to understand. So we need a way to integrate mathematical way of doing with agility 
of the Internet to tackle the problem. We also want to encourage students and teachers to have more 
collaborative learning. Doing things together is not cheating but an act that benefits both the student who 
needs help as well as the one providing help.
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4.2 User Experience

To give you an idea about how MathMates works, let’s take a look at two typical use cases of the 
application.

Classroom:

Teacher Ylppö is using MathMates in his classes. He has created a database of exercises 
that he can assign to students in class or for homework.

The teacher starts the class by going through previous day’s homework. Instead of students 
coming to blackboard to write their answers, the teacher chooses Maija to tell about her 
solution. Maija starts the MathMates and chooses the homework. The teacher chooses Maija’s 
profile on his classroom view of the software and shows Maija’s solution on the projector 
screen. Maija can then focus on telling other students how she solved the problem. Compared 
to more traditional blackboard approach, MathMates saves dozens of minutes in the beginning 
of the class.

After homework, mr. Ylppö teaches theory about algebra and all his slides are accessible 
through the MathMates for his students who can follow the teaching and make notes. No 
books are needed since all the exercises are also in the application and Maija can start working 
on them after the teacher has gone through the theory.Maija completes her first exercise. 
Because of advanced handwriting recognition and an integrated HP calculator software, Maija 
instantly sees she did it correctly and she continues on.

Pekka on the other hand, is experiencing some difficulties with algebra. His teacher is well 
aware of Pekka’s difficulties and through the application he can see what kind of mistakes 
Pekka makes during the solving process. He can give more accurate advice for Pekka, and 
Pekka understands where he went wrong and is able to solve the problem.

In classroom, MathMates helps to save time, organise theory and exercises and provides 
the teacher tools to better understand students’ problems.
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 Remote assistance:

Pekka is a Finnish high school student who has difficulties with trigonometrics. He has a 
friend, Lina who is great at math but lives on the other side of the world. Pekka boots his tablet 
and starts his browser. He navigates to the Mathmates webpage and is greeted with the front 
page where he chooses to start a new session.

After starting the session, Pekka is provided with an unique url which he sends to Lina 
using a popular social media website. As Lina clicks the link, she is instantly connected to the 
same session Pekka is already in. Pekka notices that Lina has joined the session and uploads 
a picture taken from his math book by tablet’s camera. This way Lina can also see which 
exercises are they dealing with.

Pekka has no idea how he should start solving the exercise so Lina starts by drawing a 
unit circle and explaining to him how different trigonometric functions are related to the unit 
circle. After seeing what Lina has drawn, Pekka thinks he has a clue and starts to solve the 
equations. Lina observes from her tablet and notices that Pekka made a calculation error on 
one of his lines and notifies that (a+b)2  is actually a2 + 2ab + b2 and Pekka can continue with 
these corrections.

Pekka finishes his exercises and saves the drawings as an image file to his computer so he 
can later show or send them to his teacher. Pekka thanks Lina for help and they both close 
the session by closing the browser window.

As we saw with Pekka and Lina, using the application is very straightforward. Users can invite new peo-
ple to join their sessions by simply sharing the unique url they are assigned when they first start a new 
session. No registrations or logins are necessary. With mobile devices or computers with drawing pads, 
it is just like using pen and paper – in addition that your friends can see what you are doing.
Users can easily share images taken with cameras of their mobile devices and avoid the situation where 
they have to explain the exercise to someone else, possibly making mistakes or causing misunderstand-
ings on the way.

29



4.3 Developer Corner

MathMates is designed to be easy-to-use. It does not only cover the intuitive user interface but also the 
fact that it is usable by practically any tablet, mobile phone or computer regardless of operating system. 
For convenience, MathMates is designed for tablets as they provide touch screen and good enough 
resolution. We did not want to make a specific mobile application for one platform or to end up with a 
situation where a student could not use MathMates because he/she could not install new apps in school’s 
tablet. 

With MathMates, all you need is a Javascript compatible browser and some kind of input device - touch 
screen, mouse or drawing pad. On the server side, MathMates runs Node.js server that is written in pure 
Javascript. For server features, it runs Express web application framework that handles all basic web 
page serving and uses Jade template engine for HTML pages in the application. Communication with 
users is done by Socket.io framework which is a WebSocket framework for Node.js.    

In the prototype version, when a user connects to MathMates server, a username and a color are 
assigned from predefined set and broadcasted to the user’s client-side Javascript. After that, the server 
basically just broadcasts all messages sent by clients to other connected clients. 

As for the client-side, everything is pure Javascript. It handles touch screens and mouse inputs separately 
since they trigger different events (mousedown, mousemove, etc. / touchstart, touchmove, etc.). Each 
time the user draws on the screen, the information about the event, color and size of the pen and the 
coordinates are sent to the server which then broadcasts it to each connected user. When the client-side 
Javascript receives a message from the server, it draws the corresponding line to the canvas.  

4.4 Prototype Design 

The final graphic design of the prototype originated from the Design Day organized by the team. In 
previous workshops the design had been discussed, but the team felt that a separate event was needed to 
create a coherent and credible design. 

The front page of MathMates consists of the name, logo element and background, and all elements have 
a specific meaning. The name was decided to be written with blue to symbolize the future. The two 
figures inside a cloud describe the math symbol pi. The two figures holding hands means that they share 
the math learning experience: MathMates promotes peer learning and social learning. Also, the cloud 
glowing blue color symbolizes future. With the broken color of the background (black), we wanted to 
reflect the blackboard – the more traditional way of teaching math. The word “mathematics” is written 
with different languages on the background. With this element we wanted to emphasize that MathMates 
can be used in global context in various countries.        
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4.5 Future Possibilities for Prototype Development 

This prototype only consists of the most basic features but it has a huge potential for extensions.

Future feature 1: Classroom usage

By creating classroom profiles and user profiles, Mathmates could be used to replace pen and paper 
partially or completely from the classroom environment. Students could do their in-class exercises with 
the application either individually or as small groups while teacher could have access to all students’ 
views. That way the teacher could see the chain of deduction instead of just seeing the final solution. 
Showing the answers would also be easier when teacher could use projector connected computer to 
choose which student’s session to show. This would save a lot of time especially when going through 
homework: students would not have to rewrite their solutions to the blackboard. For homework, students 
could also record their progress of individual exercises so they could later ask their teacher where they 
went wrong and how their performance could have been improved.

Future feature 2: Handwriting recognition, autocorrection, exercise database

We combined these three features to one future feature set since they are closely connected. With proper 
handwriting recognition, it would be possible to have the exercises uploaded into the system with correct 
answers and even correct intermediate steps to guide the student to the right path.
Handwriting recognition connected to a mathematical program would also make the application a 
replacement for calculators per se since user could just draw the equation and the application would 
understand the math it means and make the calculations

In addition, a separate exercise database for math tasks could be created. Teacher could download 
homework exercises and additional tasks for students. Also, the database could be organized into 
sections if students require help in specific matter, and the database could even propose suitable tasks 
for students. In addition, e-books and electronic study books could be downloaded and shared with the 
help of MathMates. Also, math formula guides would be always at students’ reach when downloaded 
into the database.

Future feature 3: MathMates for Children 

The target group of MathMates is the high school students. A separate MathMates could be designed 
for younger children.We find that the name MathMates suits to all age groups, but the design should be 
made to suit children’s taste for example by using sweet characters and changing the pictures into pastel 
colors. Also, the database could contain some math games suitable for teaching math to children.   
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