Highfield & Mulligan                                    

                                                   DG27 ICME 11, 2008.

Highfield & Mulligan


Discussion Group 27: How is technology challenging us to re- think the fundamentals of mathematics education?

YOUNG Children’s engagement with technological tools: the impact on mathematics learning 
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This discussion paper describes three vignettes of young children engaging with three different technologies in a play context: a computer-based software program (Kidpix), an electronic game (Nintendo DS) and a programmable toy (Bee-bot). These exemplars are drawn from two related design studies investigating the role of virtual manipulatives and dynamic interactive software; and programmable toys in early mathematics learning. They provide some insight into the rich and somewhat advanced mathematical processes that young children may encounter whilst ‘playing’ with technology, prompting educators to re-think the fundamentals of early mathematics education.
Introduction 
In Australia there has been a significant increase in the presence of technological toys and tools in children’s play and educational contexts. These digital technologies may provide new opportunities for early mathematics learning but are rarely harnessed. The consequence of young children’s immersion in these technologies has not been adequately investigated and the potential advantages and disadvantages for mathematics education need to be examined. This discussion paper contributes to two broader questions raised for discussion here:

What are the new opportunities that digital technologies offer to early mathematics education? 

What are the consequences (both positive and negative) that are likely to result from the use of technology in mathematics education in an Australian, multicultural context?
Background research
Technological Toys (Techno Toys, Smart Toys)

Children growing up in westernised cultures are frequently immersed in technology rich environments, including technological toys, digital toys and toys that are electronic or linked to electronic media (Levin & Rosenquest, 2001, Lowrie, 2005; Plowman and Luckin, 2004). Children’s use of electronic media not only increases with age but its use becomes more diverse and complex (Anand & Krosnick, 2005). There appears to be a growing body of research evaluating the impact of these toys for marketing reasons. However, in depth, longitudinal studies investigating the use of these ‘smart toys’ for educational purposes is both limited and inconclusive. 
Technology in early mathematics learning

There is a significant paucity of evidence-based research investigating young children’s use of technology in mathematics learning. Of the studies available most focus on screen-based technologies, calculator use or the role of the teacher (Fox, 2007; Mulligan & Vergnaud, 2006; Perry & Dockett, 2007; Yelland, 2005). While some research describes potential for computer-based tools for early mathematical representation (Clements & Sarama, 2007; Highfield & Mulligan, 2007; Moyer, Niezgoda & Stanley, 2005) further research needs to more closely analyse how technology impacts on the processes of early mathematics learning. Furthermore, research needs to broaden its scope and depth to encompass emerging technologies, including, but not limited, to screen-based tools. 

CURRENT RESEARCH 

At CRiMSE, a series of design studies are currently investigating young children’s mathematical and meta-cognitive processes as they engage with technological tools. Initial studies have described advantages and disadvantages of young children’s use of dynamic interactive software and virtual manipulatives (Highfield & Mulligan, 2007). Current investigations focus on young children’s use of programmable toys (Bee-bot, Probot and Lego NXT). The following vignettes arise from the aforementioned studies and are pertinent to this forum, highlighting some potential mathematics learning opportunities afforded by young children’s use of technology. 
Children using technology: three Vignettes

The first vignette describes Matthew and Isabelle (both 4 years old) playing with a screen-based software program, Kidpix (Brøderbund, 2004), in their preschool. Vignettes 2 and 3 describe two five-year old children, Lachlan and Sally, playing in their respective home environments. Lachlan teaches his mother to use a Nintendo DS and Sally experiments with a Bee-bot, programming it to dance and execute a rotation. In each of these vignettes we see three different technological tools being used as a stimulus and a ‘key participant’ in their play. The focus of this discussion centres on the mathematical processes that emerge during play, the affordances and constraints of these tools, and implications for educators.
Vignette 1

	Matthew and Isabelle see the computer arrive (with the researcher) and rush over. “Can we play?” they ask. Delighted, they then open their new favourite program, Kidpix. Selecting their favourite painting tool the pair then proceed to “spray” paint the screen, spraying out bugs, lollies and balloons, making patterns and giggling with delight. Isabelle has the first turn controlling the mouse and makes a pattern, she then gets a little excited and, with encouragement from Matthew, she obliterates her pattern, covering it with a maze of sprayed images. While she is using the mouse, Matthew encourages her with comments such as “do the bugs now” and “click that button”. When it is Matthew’s turn he also selects the “magic spray” and spray bugs, lollies and eggs on his screen. Matthew is a little more careful and slowly makes a pattern, taking care that exactly the right image appears on top. Isabelle also offers comments, trying to direct Mathew’s actions. Around the children is a whirl of activity, as in any pre-school. However Matthew and Isabelle remain completely focussed on their actions on screen.


This vignette was drawn from data collected at the conclusion of a four-week design study, investigating pre-schooler’s use of dynamic interactive software and virtual manipulatives (virtual pattern blocks) to solve pattern-eliciting tasks (Highfield & Mulligan, 2007). Kidpix, the program they were using, is an example of dynamic interactive software and is essentially a drawing program, however it also provides opportunities to interact with images in a way that is both dynamic and interactive. Kidpix drawing tools are accompanied by sounds that these children found highly amusing. The “magic spray” tool, paints selected collections of small images on the screen. The children had used this software on three previous occasions, but had only discovered the “magic spray” tool in one previous occasion. 
This program has significant representational potential for young mathematics learners. It offers an ease of representation and an ability to quickly and easily alter their depictions without the permanency of traditional media. Kidpix also provides opportunities for transformational geometric actions such as flips, rotations, shearing and scaling, not provided by traditional media. In this example the children used pre-made images to quickly represent patterns. It would not be possible for these young children to depict images in such a detailed manner as provided by this tool.
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	Figure 1: Isabelle’s play pattern
	Figure 2: Matthew’s play pattern


While using this tool the children took turns using the mouse. They communicated frequently with interactions being dominated by procedural directions “do the bugs now” or “click with that button”. The children did not instigate mathematical discussion, however when the researcher interjected on two occasions (in the middle and end) to save their work they described their images as “patterns”. Both children were able to construct simple repeating (AB) patterns, although Isabelle obliterated hers. Matthew also demonstrates a concept of unit of repeat, although not consistently in this vignette. Figures 1 and 2 provide examples of two images produced.  

This vignette highlights the children’s confident use of the computer program and the motivating nature of this tool, which contributes to sustained concentration. Another key observation is the children’s purposeful mathematical play. In the Australian curriculum we do not expect pre-schoolers to be capable of complex patterning and yet here we have an example of young children accurately patterning, using simple repetitions and developing a concept of pattern as a unit of repeat. As this play episode occurred following a design study focussing on patterning, these children were clearly interested in demonstrating their new skills. The children’s patterning during the design study, with teacher scaffolding, was more complex than the patterns shown in this play vignette. However, the fact that the children chose to demonstrate these skills in free ‘play’ shows that they have internalised and applied these skills. Appropriate teacher scaffolding in this scenario would no doubt have enhanced the mathematical processes and patterning shown here.
Vignette 2

	Lachlan has just completed his first year of school and is on holidays with his parents and younger sibling. He is delighted to play with a new toy, a Nintendo DS, borrowed for the vacation. He has been playing with this techno-toy for approximately two weeks and is showing his mother how to play (as she isn’t familiar with these games). Firstly he connects the two game consoles, so that both he and his mother are playing the same game. He then shows her how to play three games and together they play bowling, darts and billiards. They play for approximately thirty minutes and at times his younger brother is interested and comes over, sitting on his mother’s lap. Lachlan helps his mother, giving her instructions “you kind of flick the ball, so it goes where you want it” and discusses the scores (see Figure 3 and accompanying transcript).


The Nintendo DS is a handheld game, where the player can insert a variety of game cartridges and here he plays games from ‘Clubhouse Games’. He selected each of the games above, as he was familiar with them and was able to play them with some degree of success. The mathematics afforded by this toy is solely dependent on the game selected. In each of the games described above the key mathematical concepts are numerical, with number recognition, addition and multiplication featuring prominently. Spatial concepts are also presented, in directing the ball, dart or billiard cue. As the numbers presented extend to three digits this means that young children are exposed to challenging numeric concepts, including addition, subtraction and multiplication. For example, in Lachlan’s school, the curriculum expects that kindergarten children will be able to read and write numbers up to twenty; and yet here we see Lachlan reading numbers up to 109 (see Figure 3 and accompanying transcript). 
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Lachlan: 
I’ve got 109.
Mother: 
What have I got?

Lachlan:
4, umm… 45.
Mother: 
So who is winning?
Lachlan: 
Me.

	Figure 3: Lachlan and his mother whilst playing a bowling game on Nintendo DS.


Whilst playing these games there was opportunity to discuss mathematical processes, such as doubling and tripling in the darts game and transformative actions whilst playing bowling and billiards. Some discussion of these took place, however, the action of the game and the reciprocal nature of taking turns meant that these discussions were limited and mathematical concepts were not discussed in depth.

Vignette 3

	Sally had just finished an interview with the researcher, who had been interviewing her about programmable toys. In the interview Sally had tried to make the toy Bee-bot move in a circle, and had been puzzled when she was not able to. When the interview was finished she asked if she could play with the toy for a while. She took the toy away by herself and tried to make it dance. While doing this, she experimented with the buttons and discovered what each did. She sat down next to the toy and watched its actions from various angles, lying beside it and manoeuvring the toy. After approximately ten minutes, “I can do it!” she called, and with great delight rushed to show the researcher how to make the toy move in a circle (see Figure 4).


Aged five years old, and in her first year of school, Sally had participated in a study on programmable toys (Highfield, Mulligan & Hedberg, 2008). In this vignette we see Sally experiencing a moment of cognitive conflict, where (during the pilot interview) the toy did not act in the way she had planned. While exploring in play this moment of cognitive dissonance gave her an opportunity to re-think her intentions, reflect and revise her program to have the toy move in a circle.

A Bee-bot, used here, is a small programmable toy. It has four buttons for inputting movement as follows:

	
Forward one ‘step’ (approximately 10 cm)
	
Backward one ‘step’ (approximately 10 cm)
	
Rotate 90° to the right
	
Rotate 90° to the left


Sally demonstrated understanding of the forward and backward step in her earlier interview, but had incorrectly ascribed meaning to the left and right arrows. It appeared she had assumed that the right and left arrows would move the toy in a sideways motion, sliding it to the left or right. Whilst playing, she experimented with the function of these buttons and discovered that they rotated the toy. This discovery meant that she was then able to have the toy execute a complete 360° rotation, or “make a circle”.

Sally engaged in a number of mathematical processes while playing with the bee-bot; particularly transformational geometry (linear motion and rotation) and problem-solving. In successfully programming the robot Sally also demonstrated semiotic processing, assigning an initial (incorrect) meaning and then re-assigning a correct meaning to the arrow symbols used in programming the toy. Sally was also able to pick up and manipulate the toy, she was able to lie beside it and watch its’ actions from various angles. This increased level of interaction enabled alternate problem-solving strategies.
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	 Figure 4: Sally inputting a program into the Bee-bot


Sally’s problem-solving strategies relied on experimentation and examples of trial and error, reflection, and action on reflection were observed. The reflective process Sally engaged in would appear to be somewhat inherent in the use of programmable toys and her learning appeared to advance rapidly as a consequence of cognitive dissonance (when the Bee-bot performed in an unexpected manner). Sally’s manipulation of the toy and her ability to manipulate and physically interact with it also appeared to enhance her problem-solving skills.
Discussion of findings

Each of these vignettes demonstrate technologies that expose children to mathematical processes at an early age and have potential to advance learning trajectories and in turn impact on mathematics teaching. However, it is unclear how mathematical processes are explored, understood or assimilated by young learners. It is plausible that the features of these toys merely expose children to concepts that “wash over” the child without application or understanding. It is also possible that the concepts embedded in the use of the toys are significantly too advanced or too abstract for many young children. 

The language children used in each of these vignettes was analysed. Vignette 1 and 2 each had at least two participants and so communication was possible. Vignette 3 provides an example of a child playing alone, with some limited conversation with the researcher. In each of these contexts the children sought conversation whilst using these toys and none engaged with this technology in a solitary manner. Language was dominated by commentary (describing what was occurring) and procedural assistance (telling the other person what to do or how to do something). Mathematical language was more prevalent when an adult was present, particularly when they made an attempt to scaffold learning by participating in the play.

The essential role of scaffolding by the teacher needs to be highlighted here. While it seems possible that these toys have the potential to afford new learning, these opportunities need to be effectively and appropriately harnessed. Scaffolding, by a teacher, parent, or caregiver, may enable young children to access and processes this new knowledge. For example, in the darts game, where the concept of doubling and tripling is introduced, if an adult was to provide simpler more relevant examples, this concept would be more accessible. There is also potential to mathematise some of this play, for example while using Kidpix the children could have been encouraged to identify and count units of repeat and then discuss similarities and differences. 

The concept of mathematising and scaffolding young children’s play is problematic in that we also have to consider the role of play. If one of the key points to young children’s play is self-direction, then to harness every situation, or mathematise every game would be inappropriate and would undermine the freedom of self-direction. We may however be able to identify key “teachable” moments, many of which are afforded by technological play.

Implications for Further research
Techno toys provide an opportunity for early mathematics learning, affording access to advanced concepts and processes much earlier than traditionally expected. Each tool provides unique opportunities that may or may not be easily or effectively harnessed. Each technological toy also needs to be examined for its motivational features and potentially distractive elements as these tools have been developed to interact with the child incorporating sounds, lights and animations. However, these multimodal qualities may also interfere with effective learning of concepts. 

Young children’s access to advanced mathematical concepts has consequences for teaching, learning and curricula. While it cannot be assumed that all children will have access to these types of toys, it is possible that several children in a class have engaged with these tools and so may have developed, or begun to develop mathematical concepts and skills beyond the teacher’s expectations. Incomplete or inaccurate development of advanced concepts in early learning is a further challenge for educators. Further research is needed to investigate these tools and the role that technology plays in early mathematical play and development.
These findings directly impact on studies in progress, where a range of programmable toys, including the Bee-bot, will be explored more fully. A design study will investigate mathematical and problem-solving processes of 35 children, aged four to eight years, while using these toys. Microgenetic analysis of eight embedded longitudinal case studies will employ video stimulated recall interviews to more closely investigate meta-cognitive processes and mathematics learning, in both play and structured classroom settings.
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� Each vignette will be presented using digital media.






