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Abstract: This paper presents the results of a study investigating the mathematical 
understandings, social processes and features of computer software that most 
appealed to children of primary school age. The study was conducted in both 
school and after-school contexts where computer games were used in different 
settings. The data reported here pertain to the out-of-school component of the 
study. The children attended a suburban primary school in a large urban area 
in Australia, and, in the after-school program located on the site, were free to 
choose and use the software in any way that they desired. The results of the 
study revealed that the children enjoyed games that had a narrative content and 
activities that went beyond those of traditional mathematical tasks. They 
preferred playing games that were problem-solving tasks, such as puzzles or 
spatial activities. They interacted frequently across age and gender, and 
indicated that they recognised the mathematical content of the majority of the 
games presented to them. The study highlights some major differences 
between in-school and after-school uses of computers, and suggests that the 
informal context was not only conducive to learning but also afforded 
opportunities for the children to interact in new and dynamic ways. 
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1. INTRODUCTION 

Computers connect us with other people, store knowledge that we can 
access, and provide entertainment and leisure activities for us when we are 
not working. Many educational justifications for the use of computers in 
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school centre around the need to prepare students for the information age 
and life with computers is an integral part of that preparation. 

Computer games constitute an important part of young children's lives in 
and out of school (Provenzo 1992), and in school contexts games are often 
used to consolidate practice of a specific skill such as being able to add in 
mathematics. Computer games also motivate students to engage conceptual 
material or ideas. There has been little systematic study of the use of 
computer games either in school or in contexts other than at-home uses of 
computers. After-school programmes are becoming increasingly popular as 
places where children go when the school day has ended and parents are 
working. 

There have been successful examples of after-school computer clubs for 
students, such as the Fifth Dimension (Cole 1996) and the computer 
clubhouse (Resnick and Rusk 1996), as well as a variety of summer 
computer camps (Edwards 2002) with specific technological goals in mind. 
All of those contexts have demonstrated that game and design environments 
are conducive to the development of effective teaching and learning 
scenarios in which children are actively engaged with materials and ideas, 
promoting collaborative and individual learning. 

1.1 Learning and the role of computer games in school 
and out 

Since the early 1970's many research studies on school uses of 
computers have been conducted. Computer-based activities have been 
studied in the context of different applications, ranging from computer 
programming contexts, Internet-based information exchange and 
communication projects, community problem solving contexts through to 
aspects of integrating computer activities into traditional curricula. School
based use of computer games, especially in relation to mathematics, has been 
a recent research interest. Studies show that computer-based mathematical 
activities can be powerful learning tools for children (Battista and Clements 
1984; Clements 1987; Yelland 1999), and the study of conceptual and skill 
development facilitated by mathematical computer games has become 
increasingly important. While information about specific environments that 
may promote the use and development of mathematical thinking exists, we 
do not know much about the role of integrating existing commercial 
software into mathematics programs or how the development of specific 
software may playa role in helping children prepare for the demands of this 
new century. This is an important area for research since it has been 
demonstrated (Upitis 1998) that students' use of video and computer games 
in out-of-school contexts affects their interactions with the media in school 
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in pervasive ways. Upitis has shown that students in her study judge 
computer games in school contexts against the video games that they played 
at home, and the finding has important consequences for in-school activity 
since many school-based applications are less sophisticated than games, and 
many students find those school-based applications "boring". As a result, the 
students seem not to engage with the mathematical ideas inherent in the 
school-based applications. 

Gender also plays a role in students' acceptance and use of software. The 
E GEMS project found significant differences in performance based on 
gender (Inkpen, Klawe, Lawry, Sedighian, Leroux and Hsu 1994). The 
research also indicates that the role of the teacher was critical in explicating 
the mathematical inferences in games. In a related study, De Jean, Upitis, 
Koch, and Young (1999) also noted the importance of a teacher or mentor 
who could help children to make connections with the mathematics content 
in the computer games that they played. They stated, "Without specific 
guidance from a teacher or mentor, it would appear that many students, and 
significantly more girls than boys . . . will not detect the underlying 
mathematical concepts that might be embedded within a computer game" 
(216). Other research has also highlighted the importance of the teacher in 
making mathematical connections explicit to learners (Leitze 1997). 

It is apparent that computer games have the potential to engage children in 
learning in ways that were not possible without them. Game contexts 
motivate children to play with ideas, interact and collaborate with peers in 
sharing strategies and articulating ideas. Through their work with the games, 
they acquire skills for learning and new knowledge that seem to be adaptive 
to new and differing contexts. The ways in which children do this is still not 
clearly understood and the present study sought to add to our knowledge by 
identifying the levels of interest, mathematical understandings and learning 
of students as they engaged with computer games in an after-school context. 

2. THE STUDY 

The study was designed to examine and describe the ways in which 
children in after-care settings chose, used and evaluated computer software 
designed to develop specific mathematical processes and thinking. It was 
especially concerned with obtaining data that would elucidate: 

mathematical learning via descriptions of the mathematical 
understandings that emerged as children played and interacted in 
computer-based contexts, and the ways in which children developed and 
refined their mathematical strategies and representations as they gained 
experience with the various types of software; 
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- social processes by examining the ways in which the design and content 
of the software influenced social interactions during play; and by 
examining if the interactions moderated how the children viewed the 
software. Of particular interest here were constructions of gender which 
may be influential since computer games have been noted as being more 
appealing to boys than girls (Cassell and Jenkins 1998). 

We were also interested in the features of computer software design that 
appealed to children, especially features that initially attracted them to a 
game and those which had a sustaining effect. Additionally, we thought it 
was important to consider how teachers and children selected software for 
use, and the ways in which they made sense of the various characteristics 
inherent in the different games. 

2.1 Subjects 

Twenty children attending a suburban after-school care programme 
participated in the study. They ranged in age from 5 years, 6 months to 10 
years, 6 months and spanned all seven grades of the primary school years. 
The children played the games on two laptop computers that were adjacent 
to other activities in the hall where the program was located. One laptop was 
attached to a multi-gen recorder that recorded computer images to video-tape 
and that was digitally mixed with input from a camera focussed on the users 
of the software. 

The research assistant observed children on the other computer and made 
detailed field notes related to the three aims of the study. Profiles of each 
child were then created and based on the videotaped and field observation 
data. The children were interviewed before the study commenced about their 
experience with computers and computer activities in home and school 
contexts. When the study was completed they were interviewed for a second 
time to ascertain their favourite programs, what they particularly liked about 
those programs, and what they most liked about playing the games in the 
after-school context. 

3. RESULTS 

3.1 Children's game preferences 

Twenty-five games, all with mathematical content, were available and no 
restrictions were placed on their use. It was immediately evident that three 
games were the most popular as evidenced by their almost continuous use: 
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The Logical Journey of the Zoombinis, Counting on Frank and Carmen San 
Diego (mathematics). 

Some of the young children found it difficult to articulate the reasons why 
they liked the games and mainly gave answers such as: "Don't know," or "It 
was fun!" The older children were able to focus on specific aspects of the 
game that they enjoyed. For example, Divy (Year 7) said he liked the 
Zoombinis software, " ... because you can go through the levels and 
sometimes like showed some things - the levels were good. It's fun to play 
and you can choose your Zoombinis - make them how you want." Similarly, 
Kyle (Year 7) said, "Zoombinis, because I like adventure games more than 
other types and like inventing Zoombinis." Hannah (Year 3) said, 
"Zoombinis and Madeline. I just like them. Good pictures and interesting 
things to do." 

3.1.1 Specific features appealing to children 

Overall, three features of games seemed to make them popular with the 
children: 
- the format of the games: Puzzles were more attractive than simple (e.g., 

addition) activities that were an end in themselves or resulted in a reward 
or trinket for effort expended. 

Maddy (Year 1) said she liked Secret Paths " ... because you find 
stones .... I like the girls and like what they made out ofthe computer. .. 
I liked when they told us about their Mums and friends said and the 
pictures ... I likes the pathways pictures." 

- The design element combined with a narrative: The children in the study 
enjoyed making their own characters (e.g., Zoombinis) and chose as their 
three favourite games ones which were set in a story context. 

For example, Kyle said, "My favourite is Zoombinis .... Because I like 
adventure games more than other types and I like inventing 
Zoombinis ... ". The children became very possessive about their 
Zoombinis and made comments like "Don't you dare hurt my 
Zoombinis," (Richard Year 4) when the troll in one of the puzzles 
"threatened" his creations. Players also engaged in conversation with 
the characters as they were playing. Richard said, "Ok, we push on. 
Come on you guys you have to come with us .... I saved your lives guys 
so you should be thanking me. I did quite a lot of work for you." 
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- software that catered for a variety of levels of interest and ability: This 
was evident in Zoombinis, when Marcus indicated that Zoombinis was 
his favourite because " ... you can go on different levels" but also in 
games like Math Workshop which had three different levels when Divy 
(Year 7) said it was only "Ok", because he " ... could change the levels 
and watch the gorilla knock the pins down!" 

3.2 Mathematical understandings 

The data revealed that for the younger children, those up to Year 4, 
mathematics was mainly related to numbers and "sums". The older children, 
especially those in Year 6 and 7 recognised that the Zoombinis software was 
mathematics because it had "puzzles" and "combinations". In fact one of the 
things that appealed to children in the older age group about games like 
Zoombinis was that the mathematics was "cool maths, really hard maths" 
(Kyle, Year 7). In contrast, Kyle noted that Math Workshop was maths too 
but " ... it was really easy, boring maths." Kyle also thought that he had 
learned "new maths stuff' by playing Zoombinis because of the different 
levels. The younger children did not seem to recognise the shape activities 
(e.g., in James Discovers Math) as mathematics. Maddy (Year 1) said she 
liked the Shapes game in James and when asked if it was maths she said, 
"No, it's matching pictures." 

Of interest here was not only the difference across the age range but also 
the fact that the older children seemed to enjoy being challenged in the 
games whereas the younger group just wanted to play the games in "easy" 
mode for "fun". At the same time they enjoyed Zoombinis which was always 
challenging to all the children who played it and all the children played it. 

One afternoon in the third week Maddy (Year 1) was offering advice to 
Kevin (Year 5) about how to get the Zoombinis across the bridge in the ftrst 
activity based on ftnding their similar attributes. It was Kevin's ftrst time 
with the program and Maddy had already had experience and success with 
the game and could advise him! This would not have been possible in school 
contexts and provided Maddy with the opportunity to feel good about the 
fact that she could make a contribution to the successful experience of an 
older student. 

3.3 Interactions 

The nature and extent of the interactions while the children were playing 
the computer games were interesting and complex. There were a number of 
factors which influenced the ways in which the children interacted: 
- the environment: Free choice and after-school context; 
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the software design: Puzzle/narrative context vs. activity-based separate 
activities; 

- the age and gender of the children. 

The after-school environment was very conducive for interactions and 
collaborations. No restrictions were placed on the children in terms of what 
they could play, unless someone else was using it and we only had to 
introduce time restrictions after the ftrst three weeks when the children 
claimed that some were "hogging" the computer time. The physical space 
helped as well. The laptop computers were placed on large tables and 
children could sit beside one another and bring chairs along to perch on. This 
still meant that one, perhaps two, children had the main roles but the space 
allowed for up to six other children to be involved in the experience, a stark 
contrast to school use of the games where a maximum of two is usually the 
norm. 

The context was also more conducive to extended use of the games, 
which tend to have time restrictions placed on them in school classrooms 
where short games without a narrative are the norm. Such games can be 
played and repeated for practice in short allocations of time to allow for 
everyone to have a tum. However with software such as Zoombinis, 
Counting on Frank and Carmen San Diego it is useful to have longer periods 
of time for playing, since, in the short term, gains are small. Additionally, 
the activity-based software packages, that is those which are composed of 
separate activities usually around a theme or character, are more easily 
accommodated in maths curricula since they focus on traditional concept 
areas such as number, measurement, and space whereas games such as 
Zoombinis focus more on problem solving and reasoning skills. 

Games such as Zoombinis, Counting on Frank and Carmen San Diego all 
afforded opportunities to share strategies and collaborate since they 
contained problem-solving activities. It is more difftcult to interact when you 
are being asked to add 6 and 7 or mUltiply numbers. The same can be said 
for copying shapes to a new picture. In this way, those software programs 
which were "not simple maths" (Matthias, Year 3), were characterised by 
much higher levels of interactions than those which had a number of short 
and simple games. 

It was also apparent that programs like Zoombinis, Counting on Frank and 
Carmen San Diego were liked by both boys and girls, but that other games 
were favoured by one or the other of the genders. For example, Madeline 
was preferred by girls only while boys, especially the younger ones (year 1 
and 2), really enjoyed Land Before Time as dinosaurs seem to have a wide 
appeal that is mainly related to boys. 
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The nature and extent of interactions was mapped for each child and 
showed considerable variation that seemed to be individualised for all 20 
children. Some children we tended to characterise as watchers rather than 
doers. They might offer advice on some occasion to a peer and then would 
use a game by themselves on one occasion while on another occasion they 
might be part of a large team of players determined to find the last jelly bean 
giving them the solution to the Counting on Frank puzzle. To show the 
nature and extent of the variety of style of interactions two are presented as 
Figures 1 and 2. 
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Figure 1. Interactions with Kurt 
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Figure 1 maps the interactions with Kurt on May 24 in week 3 of the 
project. It reveals that when Kurt (Year 4) was playing Zoombinis over a 
period of 48 minutes three peers, Richard (Year 4), Daniel (Year 5) and 
Taylor (Year 3), spent more than two minutes interacting with him by asking 
and responding to questions and making general comments about the game. 
Justin (Year 7) came to join the group for less than two minutes when Kurt 
asked him a question about strategy and Kaitlyn (Year 1) and Divy (Year 7) 
stood and watched for a short time (less than two minutes). The researcher 
(Nicola) engaged Kurt in conversation about what he and his peers were 
doing while they were playing the game and Kurt was on the keyboard. The 
type of map was a stark contrast to those for games such as Jumpstart or 
Math Workshop where there was little or no interaction. 

Figure 2 shows all the people that Maddy interacted with over six 
sessions in May. While Maddy was on the computer playing games she both 
asked for advice and interacted with respondents. She also listened to advice 
from others without reacting verbally to them. There was no preferential 



Learning in school and out 11 

style in this respect. Additionally, the range of peers that Maddy interacted 
with spanned all year and age levels. Only two children (Hannah and 
Marcus) watched Maddy without offering comments or asking questions. 
The timing of the interactions varied from whole sessions, shown by the 
asterisk, to less than two minutes (shown with =), to more than two minutes 
(#), but not the whole session. 
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Figure 2. Maddy's interactions around computer games 

We noted that the interactions were very unpredictable and the nature of 
the after-school program was such that one rarely saw no interactions, in 
direct contrast to data being collected at the current time with the same 
games in a classroom-based study. 

4. CONCLUSIONS 

The study has provided new information about the appeal of 
mathematical computer games in an after-school context and has revealed 
that children love to play computer games, especially open-ended puzzles or 
problem-solving games as opposed to repetitious skill reinforcement! 
practice games. The results from the study have shown that well-designed 
computer games not only act as a stimulus for learning and engagement with 
mathematical ideas and processes, but afford the opportunity for children to 
participate in collaborative problem solving in new and dynamic ways. The 
study has highlighted differences between in-school and out-of-school 
learning opportunities which may inform teachers and carers in both settings. 
Overall, it would seem that the after-school environment provided a valuable 
context for exploring mathematical concepts with technology and that one of 
the most pleasing aspects was the interaction of children across age groups, 
not usually possible within school settings. 
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