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Abstract  
School homework is a tested and reliable pedagogical approach that helps young students become 
successful learners. However, first and second year school children may need their families to 
encourage and support them. Parents are often willing and prepared to become actively involved in 
homework supervision but just as often parental involvement may become unattainable, or even 
counterproductive. Reasons vary from lack of time, to lack of sufficient knowledge. This paper shows 
how a game-based replacement of pen-and-paper school homework may make homework both more 
enjoyable and easier to accomplish for children, and less demanding on parent’s time and skill. The 
study applied a constructivist learning approach in order to determine the gamification design 
parameters, and developed the tablet app following a design science research methodology. 

Keywords: Gamification, constructivism, design science research, parents, primary school, homework, 
tablet, stylus.  

1 INTRODUCTION AND BACKGROUND 
School homework refers to work that teachers give students to complete outside regular school hours. 
Its primary purpose is to improve student learning through practice and by mastering the subjects 
taught at school. Homework helps children become independent and successful learners [1, 2]. 
However, younger children do not always engage with homework, and may need parental assistance 
and encouragement [3]. Empirical results confirm that parental involvement influences positively 
homework completion and academic achievement [4, 5], and that many parents are prepared to 
supervise and assist their children [6]. Unfortunately, parental involvement may become unattainable if 
both parents work, or have more than one child [7, 8]. Second, parents may not be sufficiently 
competent in the subject area [9], and may cause confusion by using instructional approaches 
different from those used at school [10]. Finding a solution to the problems outlined above would bring 
benefits to many families.  

Literature findings indicate that educational computer games may help students engage with learning 
and develop thinking and problem solving skills [11, 12]. Computer games are already used widely to 
enhance teaching and learning in- and outside the classroom [13] including in primary school 
education [14]. Therefore, it may be feasible to develop a gamified alternative to traditional pen-and-
paper school homework, using popular computing platforms such as the ones supported by mobile 
technologies [15]. However, research in the area of integrating digital technologies in early childhood 
education is still relatively scarce [16]. The study presented here contributes by investigating the 
following research question: “How to design computer game-based replacement of school homework 
for young primary school children in order to make it attractive to the children, and less demanding on 
their parents?” It is contended that a suitably constructed mobile device-based homework that is 
designed as a “game to play” rather than as “work to do” will be more enjoyable and easier to 
accomplish by children, and less demanding on parents’ time and skill. The gamified homework 
should make homework and homework supervision enjoyable to both children and parents. 

 The New Zealand public primary school curriculum embraces a constructivist learning approach and 
consistently applies it to the development of teacher guidelines and other resources [17]. Although the 
constructivist approach to teaching and learning traditionally focuses on cognitive educational 
objectives [18], constructivist learning techniques may also help achieve affective educational goals, 
for example, triggering the emotion of enjoyment of learning [19]. Enjoyment strengthens the intrinsic 
motivation of the learner and contributes to achieving cognitive educational goals [18, 20]. Prior 
research posits the existence of a positive link between the enjoyment of learning and young 
schoolchildren’s performance [21] and supports the adoption of a constructivist pedagogical approach 
towards educational game development  [22]. Similarly, this study explored the constructivist learning 
theory and drew on the constructivist principles of scaffolding, active learning, learning-by-doing, and 

Proceedings of EDULEARN17 Conference 
3rd-5th July 2017, Barcelona, Spain

ISBN: 978-84-697-3777-4
9710



collaborative learning [23, 24] in order to develop an inherently attractive replacement for pen-and-
paper homework and make homework and homework supervision enjoyable to both children and 
parents [25].  

2 METHODOLOGY 
As shown in Fig.1, the research process followed design science research methodology [26]. The 
approach was considered suitable as the study aimed to offer a conceptual solution and implement 
and test an instantiation of the solution as a proof of concept [27]. The objective was to create an 
educational computer game in the form of two mobile applications (apps) that could be used as 
replacement homework by Year 1 and Year 2 students (5- and 6-year olds, respectively) studying in 
New Zealand public primary schools. Therefore, the app requirements were informed by policy and 
practice documents related to the New Zealand public primary school curriculum and by relevant 
findings reported in the extant research literature. Additional input was sought from three experienced 
primary schoolteachers who shared their views about the effectiveness of the different approaches 
towards teaching English language and mathematics, the types of activities used in class, the 
resources available to teachers, and the learning areas in need of more practice. The homework apps 
(Home Fun 1 – for students in Year 1, and Home Fun 2 - for students in Year 2) comprised both 
English language and mathematics activities. Once completed, the apps were installed on several 
tablet devices and made available to the families participating in the research. Parent feedback was 
used to evaluate the apps.  

 
Figure 1. The DSRM process 

Factors motivating children’s engagement with educational games include fun and challenge [28], 
immediate feedback on achievement [12], good game structure, a clear goal, and emulating a familiar 
environment [29]. Furthermore, educational game activities need to be “developmentally appropriate”, 
i.e., sensitive to the developmental level of the player as determined by their age and socio-cultural 
background [30]. Content and the learning objectives need to be aligned with the school curriculum in 
order to facilitate their adoption by teachers and other stakeholders [31]. Based on these 
recommendations, the following design guidelines were formulated: 

1 Use a highly-interactive game format incorporating familiar language and imagery. 

2 Provide motivational challenges and reward success. 

3 Structure the game activities according to the anticipated developmental levels of the players. 
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4 Ensure that the computer-based homework is compatible with the content, methods and 
approaches recommended in the school curriculum so that the artefact could be considered as 
a replacement of paper based homework.  

2.1 Scaffolding 
Scaffolding refers to catering for individual learner differences and empowering learners to develop 
new knowledge using their own personal skills. Primary school teachers follow a scaffolding approach 
by systematically assessing students’ developmental levels (stages) against a reference framework 
and assigning appropriately challenging homework activities. After achieving a level or stage learning 
objectives (standards) as defined in the curriculum, the child is given homework at the next 
developmental level/stage. In this study, the principle of scaffolded learning was applied by structuring 
the gamer activities to match the developmental levels defined in the framework and by labelling them 
with the terms for levels and stages used at school. Thus, a child doing homework using the 
application would be able to select with confidence a mathematics or English language activity that 
matches the stage or level assigned to them by the teacher.  

2.2 Active Learning 
Active learning refers to students engaging in a learning activity rather than learning passively, for 
example by reading a book. The school curriculum encourages activity-based homework and provides 
resources and exemplars for creating active learning homework tasks [32]. In this study, the principle 
of active learning was applied by designing each learning activity as an interactive game, with “game 
points” e awarded for successfully completed exercises. Game content and rules were derived from 
resources and exemplars provided to and used by teachers.  

2.3 Learning by Doing 
Learning by doing refers to placing the emphasis on learners constructing their own knowledge rather 
than relying on information provided to them. In the first years of primary education, learning by doing 
in school homework focuses significantly on learning handwriting [33] Handwriting is considered 
extremely important for brain development [34] and more effective (compared to typing on a computer 
keyboard in supporting retention and reading and writing skill development [35-37]. In this study, the 
principle of learning-by-doing was applied by using a stylus as an input device in order to simulate 
pen-and-paper handwriting. All activities, from tracing shapes to writing words and digits need to be 
completed by writing with the stylus. The use of the stylus as an appropriate technology for the 
development of handwriting, reading and writing skills is supported by the findings reported in [38].  

2.4 Collaborative Learning  
Collaborative learning is concerned with knowledge creation by the participants in the learning 
process. This study addressed collaborative learning by incorporating features that provided support 
for parental collaboration. First, feedback is given by voice, the assist the parent in monitoring their 
child’s progress without actually checking the outcomes. Second, the game activities follow a 
developmental level-based hierarchical structure, with gameplay rules that are unambiguous and easy 
to follow. The collaborative learning-oriented design facilitates parental supervision even if the parent 
is not too familiar with the learning content and context.  

3 RESULTS 
The scope of the two apps was limited to two weeks of homework each, with each app including both 
English and math homework. The screen layout was given a careful consideration as it had to be 
suitable for 5- and 6-year olds, possibly with limited prior technology experience. Following findings in 
prior work, the number of buttons on the screen was kept to minimum and a drawing was added to 
illustrate the button’s function; the graphical user interface (GUI) included cartoon images and was rich 
in colour [29, 39]. The shapes were made easy to trace as learners might be still struggling to grip the 
pencil. A clearly visible starting point (a dot) was added on all shapes and alphabet letters. The apps 
were developed for an Android tablet (Samsung Galaxy 10.1). Personal computers were not 
considered as normally they do not support handwriting-based interaction, and also because mobile 
devices are more accessible to children compared to personal computers [40]. The applications were 
programmed in Java, using Eclipse [41] as an integrated development environment, the Android 
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software development kit, and the Java development kit JDK SE 7. The voice based directions and 
comments accompanying the activities were created using text-to-speech software [42]. The structure 
and content of the apps are described below. Screenshot images illustrating the apps’ interface can be 
downloaded from https://www.dropbox.com/s/t61ln1ej1ecqcqd/Screen%20shots.pdf?dl=0.  

3.1 English Language Homework  
The Year 1 exercises include “Tracing”, “Letter of the Week”, and “Essential Words” while the Year 2 
exercises are based on “Essential Words” only (Fig. 2). All activities include using the stylus for tracing 
and writing following the instruction of the guide voice. For example, the tracing activity “Letter of the 
Week” starts with a pop-up window opening and a guide voice saying: “Enter the letter of the week”. 
Once the letter is selected, the student has to complete a series of exercises (identifying the letter in a 
group of letters, tracing it to practice writing, and recognising it as missing in a word). 

 
Figure 2. English language learning activities  

The rest of the activities are organised by developmental level by using the colours teachers use in 
class as level labels (red, yellow and blue in Year 1; green, orange and turquoise in Year 2). The child 
chooses the activity suitable for their level by selecting from the app’s start menu the colour they have 
been given by the teacher. The words used in the exercises match the corresponding level of difficulty. 
For example, in the spelling activities the guide voice calls out a word and reads it in a sentence, e.g., 
it says “down”, then “My little sister crawled down the stairs.” The child is asked to write the word 
“down” and then check the spelling (by clicking the Check button). A new word appears if the Next 
button is activated. The child can also choose to delete the word selected, and/or to repeat the voice 
guide instruction. The reading activities help understanding written words, learning to listen, and 
focusing on what someone else is saying. At start, the guide voice pronounces one of the two words 
on the screen and asks the student to select it (to make the task more challenging, the two words are 
chosen to have similar spelling). After clicking on the correct word, the student can also trace it.  

3.2 Mathematics Homework 
The Home Fun 1 and Home Fun 2 mathematics activities match the first four Year 1 and Year 2 
developmental stages (Fig 2.). Stage 2 exercises were added to both apps in order to cater for 
children who may have not yet reached stage 3 at the start of Year 2. Due to the time constraints of 
the project, stage 4 activities were not included in the proof of concept artefact. The child can easily 
select the activity that matches their developmental level by choosing from the start menu the stage 
they had been assigned in class. All stages contain activities related to counting, addition and 
subtraction. Instruction is provided by the guiding voice, e.g., “Count with me”, or “What fraction of the 
pizza/cake/biscuit has been eaten?”. Success is encouraged (e.g., “Nice work! Now trace the number 
in the red area.”) and the child gains game points. The child continues to practice handwriting as use 
the stylus to fill in the answer, e.g., in skip counting. Answers can be checked with the Check button. If 
the answer is not right, the student is asked to try again. Where appropriate, the exercises are set in a 
real life context. For example, counting by numbers that helps the child learn the number sequence 
and become familiar with number shapes is supplemented by counting ice cream cones. Furthermore, 
addition and subtraction at the lower stages are illustrated by using sets of objects, such as sea 
creatures. The most advanced activity at stage 3 is learning to work with fractions. The concept is 
illustrated by using familiar images such as a pizza. 
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3.3 App Evaluation  
The app evaluation strategy included recruiting as research participants the parents of nine Year 1 
and Year 2 students from a range of socio-economic backgrounds. The parents were asked to 
observe their children work with the apps for about four hours spread across two weeks. The families 
were visited by one of the authors in order to conduct semi-structured interviews with the parents. The 
interview data were collated and coded iteratively by open descriptive coding [43]. 

 
Figure 3. Mathematics learning activities 

The coded data that referred explicitly to the impact of the constructivist learning design were grouped 
in the four clusters shown at the top part of Fig. 4 while the coded data evidencing the artefact 
acceptance by children and parents were grouped in the two clusters at the bottom of the figure. The 
bracketed numbers indicate the number of interview transcripts containing relevant data (as a 
measure of the code frequency). The key points emerging form each cluster are summarised below, 
illustrated by selected data quotes.   

3.3.1 Constructivist Learning  
Parents found that the level/stage structure of the content and the design of the specific activities 
facilitated active learning. The mathematics and spelling exercises were especially successful. 
Interview data indicated that the apps provided a scaffolding learning environment which was closely 
linked to the school curriculum and catered for individual learner needs. Parents found that it was easy 
for children to select activities relevant to their development stage. Most importantly, the activities 
were engaging and appropriately challenging, and encouraged the development of new knowledge. 

Choosing her stage for math was very relevant to the homework she brings home, so the 
exercises were quite similar. For English the same. -- The math was brilliant. For her at 
that level it was just the right amount of challenge. 
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Furthermore, the applications facilitated learning by doing by consistently using the stylus. According 
to parents, children noticeably advanced their handwriting skills. However, parents felt that children 
may need to supplement stylus practice with pen-and-paper handwriting. 

The pen was definitely a good idea because it teaches them how to write properly. It 
teaches them where to start, how to create the lines, and it helps them to write neatly. -- I 
think they have to learn to write on paper as well to improve their handwriting because it 
is much softer on the screen. 

The apps helped parents learn more about the school curriculum and the way school homework was 
linked to the estimated development level of the child. 

I loved the levels and stages that you had in the app. I didn’t know much about these 
levels and stages. -- It is a good interaction between school and home as we learn about 
what they are doing at school.  

Parents noted that that tablet homework weekly “load” matched the usual pen-and-paper one. More 
importantly, the apps had the advantage of being available for the whole week. 

For what she normally gets in a week, yes it was enough. -- He gets homework for one 
day and the rest of the week he doesn’t get any, but this application is very good that he 
can use it through the week and he can practice what he learned at school. 

 
Figure 4. Clusters of interview data codes 

3.3.2 Acceptance  
The data indicate that (according to patents) children enjoyed following the voice guide and playing 
the homework game. Children did not need parents to remind them to do homework rather they 
wanted to do homework on the tablet and seemed to be motivated by their own progress and 
improved school performance. 

She is not a big fan of homework. I have to ask her to do her school homework otherwise 
she won’t do it, but with the application she was asking me to play on it. -- My son loved 
it. This is a great idea for both children and parents .-- She was doing much more on the 
game as she was enjoying playing with it .-- She got about 80% correct initially in the 
English section and doing more every time she was getting better and better. -- She was 
asking for it as soon as she got home from school. -- She has asked for it couple of times 
since it has gone.  
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The simple and clear screen layout and the careful selection of familiar images, shapes and guide 
voice vocabulary contributed significantly to making the applications easy to use. Children did not 
need too much parental guidance. 

Obviously pen and paper require more time because you have to physically write 
everything but here you have someone asking you to do things like ‘add two numbers’ or 
‘write the words’ and things like that. I think it is more time consuming when it is in the 
book. -- She didn’t need much guidance from me in using the program. Only at the 
beginning I had to tell her how to turn it on and find the game, but the activities were very 
easy for her to follow.  

There was some evidence of boys being less engaged compared to girls. 

 He didn’t like the tracing over the words, he skipped it. -- Initially he was good, he was 
asking to do it, but then he got bored of it. 

Parents felt that with the applications, the need for help was significantly reduced. Children were able 
to work independently but parents could still monitor progress by listening to the guide voice or sit with 
the child, if they wanted to. 

[name] was much more independent doing it by himself rather than me sitting by him and 
telling him what to do all the time. -- It will definitely save time because I don’t have to sit 
by her and tell her what to do. -- I could be in the kitchen and I could hear her getting 
questions correct. You could hear if she got it right or if she got it wrong. -- I was sure that 
she was doing homework and not wasting her time, so I could do my work or spend some 
time with my little ones while she was playing on the app. -- I can choose not to sit with 
her when I don’t have the time and if I want to watch her I can. So I don’t lose anything 
but it could save me time.  

Furthermore, parents valued the added opportunity to have more practice as the apps were always 
available. 

 This application is very good that he can use it through the week and he can practice 
what he learned at school. -- The homework she is getting at school is limited, so it will be 
done when she finishes all the tasks, but with your application she was starting all over 
again as she finished each task. But I didn’t really mind as long as she didn’t need my 
help. I was happy seeing her doing more exercises. 

Parents appreciate that children’s were exposed to technology. 

Children will be introduced to technology in early ages, which is good. -- They have them 
[tablets or computers] at school, I want her to be open to them, open to using them.  

Most parents were supportive of children doing their homework using the tablet-based option, 
especially for learning mathematics and spelling. However, some considered the app homework 
format as a complement to the traditional pen-and-format rather than as its replacement. 

Yes, definitely I support this idea. I support this app instead of these papers that kids 
bring home from school. “I would not totally eradicate paper homework.  

3.3.3 A Conceptual Framework for Homework Gamification 

This study was based on the premise that replacing traditional pen-and-paper homework with an 
enjoyable “fun-driven” computer-based alternative would require less parental supervision while 
helping young learners achieve the learning goals that pen-and-paper homework aims to achieve. The 
study outcomes validate the premise. First, the study demonstrated how the contextualised application 
of the constructivist principles, supported by the enjoyable and stimulating learning environment, 
successfully facilitated the construction of new knowledge (e.g., learning how to skip count, subtract, 
spell, and also handwrite). Second, the new way of doing homework was perceived by parents as less 
demanding on their time and easier to supervise, and most importantly, as a credible and possibly 
advantageous replacement of pen-and-paper homework. It is inferred therefore, that a technology-
supported homework format that adapts the principles of constructivist learning to the specific 
educational context and adds an emphasis on the affective motivational component of learning may 
provide valuable support to the parents of young primary school students while motivating children to 
develop as independent learners. The framework shown in Fig. 5 conceptualises the role of the 
technological, pedagogical and contextual inputs into the design of the homework learning game.   
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Figure 5. A conceptual framework for homework gamification 

4 CONCLUSION 
 Empirical evidence confirms that involving parents in young children’s education can be extremely 
beneficial to children development [6, 44]. The literature suggests that new and emerging technologies 
can assist the development of technology-assisted interventions for parents of young children [45]. 
This study contributes by developing and evaluating an intervention that addresses homework 
supervision issues, and by proposing a framework derived from the findings. Also novel is the 
incorporation of the stylus as a means to support handwriting.  

The study has several limitations. Most importantly, the artefact was developed in a specific context. It 
was trialled for a short period of time and by a small number of participating families. While children 
were observed playing the learning game, their opinions were not solicited directly. Similarly, the 
children’s schoolteachers were not involved as research participants. These limitations may be 
addressed by conducting longitudinal and comparative studies in a range of contexts in order to 
ascertain the usefulness of the approach and identify shared characteristics and critical success 
factors. Consistent with the findings of this study and also with the literature on the effect of gender on 
the cognitive and affective motivational components of learning [e.g., 46, 47], further work should 
consider the implications of young learner gender differences.  
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