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Abstract

We suggest that education in developed countries can illustrate a paradox: despite many claims of technology improving learning and classroom practices, the overall perception of student abilities is not one of startling progress. We discuss this by applying the economics analogy of the “resource curse” to education, suggesting that an abundance of technology can actually correlate negatively with outcome. Our situation in a “regional” technology-focused university is that students are not, in general, motivated or inspired by technology. We report a case study of a “more with less” approach in two classes, one computer science and one communication. These two units have traditionally been seen from different teaching and learning paradigms, so our work also addresses the challenge of integrating student-learning experiences across a curriculum by targeting higher-order thinking skills. We are starting from scratch both literally and figuratively, since we are employing the Scratch programming environment developed by MIT for young children. This paper presents our work with Scratch and reports how students employed various skills despite not being explicitly instructed in them. We discuss implications and outline concrete future research directions
Introduction

Higher education (HE) across much of the globe has recognised the need to adopt “new” pedagogies that incorporate “constructivist” approaches, such as developing curricula on Vygotskian-type platforms to justify the use of  new technologies: that is, specific content-based activities should be used to structure learning, rather than allowing direction to be dictated by the resources that happen to be at hand (Papanikolaou & Grigoriadou, 2009). In Japan, recognising the need to offer “alternative” approaches to teaching and learning has been slower, especially in the “pure sciences”. Much has been made of the technological prowess of Japan, but evidence is appearing (as early as the sixth grade) that learners are deficient in understanding “why it is” or “how to explain why it is” (Government survey reported on NHK News, November, 2009). 
While the emerging approaches can and should be encouraged across teaching and learning strategies, in alternative programme designs, and most fundamentally throughout organisational structures and administrative policies and procedures (Goode, Willis, Wolf & Harris, 2007), we have come to believe that the use of technologies in education in developed countries is increasingly illustrating a paradox: despite the many claims that technology improves learning and classroom practices, the perception of student abilities is not one of the same startling progress. We recognize that there may be many causes for this, including budgetary or practical limitations that make it difficult to provide the teacher training necessary to maximise the potential of deployed technology. But we wonder whether education may actually be suffering from a “resource curse”
: abundance of technology may actually correlate negatively with performance. For example, Becker and Reil (2000) report that only a small proportion of educators in the United States are using ICT in ways that enhance technological fluency and maintain interest. Even the British Educational Communications and Technology agency (BECTa) has stated: “The evidence shows that a number of factors, other than access to good resources, are crucial if ICT is to become embedded in practice and raise standards.” (BECTa, 2001, 2002; also see Oppenheimer, 1997, for a dated but still pertinent discussion). 
The “modern” learner is faced with an increasingly complex life in which they must continually balance multiple demands placed on their time and attention, whether they derive from work, family (Goode, Willis, et. al., 2007) or social networks. These learners have, by and large, grown up with new technologies as a part of their everyday life. However, there is a growing body of anecdotal and research evidence that suggests that “skills” such as multi-tasking (widely advanced as an imperative of modern life) can actually be associated with decreased performances (Ophir, Nass & Wagner 2009). We naturally acknowledge that ICTs can provide opportunities for empowerment, knowledge creation, and life-long learning, but we are cautious, believing that un-critical development and implementation does little to advance learners’ critical enquiry, analytical skills, or understanding (Sakamoto 1992, Field 2003). In our context, we believe that we see a resource curse with two main aspects: 1) students are not, in general, motivated or inspired by technology, and 2) there are poor performance outcomes when using technology, partly because students do not have the necessary higher order thinking skills. Our paper is an account of in-field attempts to address these problems at a technology-focused university by returning to “scratch” - literally and figuratively, since we employ the Scratch programming language developed by MIT for young children. We emphasise that we are expressly not attempting to force a “learning from the West” approach onto our Japanese students, rather being interested in the actual dynamics when blending “traditional” learning with any form of ICTs (see also Frank & Field, 2006 & 2007).
Background: Japanese Education and our Context
Our institution, Future University-Hakodate (FUN), is a “regional” public university located on the northern island of Hokkaido in Japan that claims as a future aspiration “The re-invention of Japan's tertiary education system” (from http://www.fun.ac.jp/en/general/index.html, “General FUN Information”). Technology is an integral part of the University philosophy: for instance, the graduate school has a research network of cameras and RFID sensors designed to allow automatic analysis of how people use the space. The general information page also states that the University has “human values” as one of its foundations, and that it “focuses on applying new worldviews based on deep understanding of ICTs.” 

Nevertheless, as Pellowe (1999) has already argued elsewhere, most first year students entering university in Japan each April have little technical knowledge about ICT. The stereotypical image of  Japanese students may be that they grow up with technology as a ubiquitous component of their everyday life, but the reality is often far removed, as Japanese students often reach university lacking effective meta-cognitive strategies for understanding how to learn (Holmes, 1999). 
It is maybe no surprise that each year’s student intake is perceived to have falling standards, and particularly to have little technical knowledge about ICT. Apart from specialty and private secondary schools, very little programming or interface design is included in the Japanese school curriculum. For example, high schools provide courses approved by the Ministry of Education, Culture, Sports, Science and Technology that are aimed at improving technological literacy, but in most public schools, the curriculum covers only typing, and how to use word processor and spreadsheet software, usually Microsoft Word and Excel. Basic HTML or webpage creation may also feature. The result for us at FUN, a technology-focused institution, is that many students every year have little working knowledge about the major they have chosen to study. Informal surveys of first year students show that less that 10% claim an interest in working in the technology industry in their future (or even an interest in computers or programming before entry), yet approximately 68% of our graduates are employed in the “IT service industry”, the majority of whom are “Systems Engineers”.
Notwithstanding claims about “human values”, the strong sense is that Japan itself, and our institution, has a focus on technology that little considers the relationship between the learner, the learning environment, and learner behaviour (a la Social Cognitive Theory attributes), or how behavioural learning patterns emerge and influence how students approach and engage with the content (a la achievement goal orientation). “Remedial” work on meta-cognitive strategies is destined to be an unrewarding task for any teacher in isolation within an institution, yet there are also inevitable problems in coordinating across a curriculum, such as the “mutual incomprehension when specialists from different subject domains try to collaborate” (Woods, 2007, p.854). Our work is currently being conducted at the micro-level (specific units within courses) to consider what “skills” (such as thinking, technological, learning, or communicative) can be reinforced across disciplines, which we believe is critical for our students. We attempt this mindful of the difficulties associated with “transfer” (see Billing, 2007; Perkins & Salomon, 1992; Tanaka, 2005), reporting here our ongoing efforts as a case study.
Background: Technology and Scratch
We have in the past advocated an approach of removing as much technology as possible from education in order to concentrate on developing thinking skills (see Frank & Field, 2008). The responses to this in dedicated workshops—where we were free to go to the extremes of teaching only with tools such as balloons and spaghetti—encouraged us to try a similar mindset in our day-to-day classes. We therefore thought in a “more with less” way in one computer science unit (Artificial Intelligence) and one Communication unit. As we were required to follow the general syllabus, particularly with the AI unit, it was necessary to find “technology” to meet very different teaching requirements. We needed a tool to satisfy the conflicting demands of extreme simplicity, the flexibility to meet very different content-based demands, and also ideally the provision of enough structure to support potential later integration with other portions of the curriculum.
These considerations led us to the Scratch programming language developed by the Lifelong Kindergarten Group (http://llk.media.mit.edu/) at MIT Media Lab. Since this is an environment developed for young children, it met our desire to maximally simplify the classroom, while still implicitly allowing us to challenge thinking in skills such as programming and communication. The Scratch web site says:
Scratch is a new programming language that makes it easy to create your own interactive stories, animations, games, music, and art…Scratch is designed to help young people (ages 8 and up) develop 21st century learning skills. As they create and share Scratch projects, young people learn important mathematical and computational ideas, while also learning to think creatively, reason systematically, and work collaboratively. (http://info.scratch.mit.edu/About_Scratch)
Scratch has both an English and a Japanese platform (amongst others), which lowered one of the competing learning demands (language) that are placed upon the students’ learning repertoire. Additionally, apart from the programming concepts, Scratch incorporates strong design components and can equally be “applied” to the learning context of students whose ambition it is to have a career in Design Technology.
Starting Communication from Scratch
In the second semester of 2008 (September to February), the “Communication II Practices” unit enrolled 62 first-year students in three classes, which met once a week in groups of approximately 20. In their first class, all students completed (in Japanese) a preparatory survey in which only six students responded that they had previous programming experience. Since all students had in fact completed in their first semester a C and an HTML programming unit, we must recall from above our discussion of the disjunction between technology itself and learner behaviour.  For the vast majority of our students, gaining programming credits was an educational hurdle that they had successfully cleared without equating it to the actual attainment of any programming “experience”.
A scaffolding approach was adopted throughout the Communication unit. Three distinct and incrementally more difficult tasks were presented and each “end-product” carried a percentage of the final grade. The initial task was for the students to download Scratch to their laptop computers (which are compulsory purchases for every student on entering FUN) and complete a rudimentary action (make the default sprite character of a cat move) during class time. With a 100% “bug free” download, and with most completing the “cat moving” task relatively trouble-free, students were asked to make a three-minute story of their own creation. With two exceptions, the results followed a mediocre pattern of minimal effort to satisfy the requirements. Simply put, students used the pre-set characters, and used low-level thinking to create minimally required output.
The second task extended the first; programming of a five minute original story – without using Scratch’s pre-set characters. The results were marginally improved only because the majority of students took the time to create their own artwork and were beginning to display higher order thinking in their plots. For the third task, the students were to program a five-minute instructional story, promotional story, or music clip around one of several themes that included technology, maths, and science, for primary or junior high school students. For more than one-third of the class
, there was evidence in the “end-products” of significant improvement in their thinking and skills (design, action, movement, timing, communication, and language).
We acknowledge that it is difficult to claim “learning” in this unit as the rubric established for the student work was predominantly based around “communicating a story to a target audience” rather than on objective “programming and technical skills”. Moreover, there were no entrance and exit proficiencies that could be measured against each other. Nevertheless, the improved quality and content of the work was so clear that we were encouraged to develop a more structured approach to using story-telling software, helping students by providing high-level descriptions of different available techniques (see Conclusion). 
Starting AI from Scratch

The AI unit was an introductory class offered by the “Intelligent Systems” course for second-year students from a different course (“Complex Systems”). In the first semester of 2009 (April to July), evaluation for the unit was based on three projects to be created in Scratch: 
1. An introduction of some AI background, such as AI history, AI philosophy, AI and society, culture (e.g., films), or current research and trends.
2. An instructional description of a core syllabus topic, which included: search, game-playing, knowledge representation, frame systems, semantic networks, and planning.
3. An interactive experience implementing some AI theory or algorithm, or giving some insight into “intelligence” or how people think.

Only around 10 of approximately 60 students acknowledged any previous experience of Scratch. The first homework was to make an animation that used at least two sprites, at least two backgrounds and at least one noise. Students were then introduced to “chunking and sequencing” as a storytelling model and asked to storyboard an idea for Project 1, which after feedback they then turned into Scratch. Following this initial experience, students were formed into groups to develop the final projects collaboratively over the remainder of the term (one Project 1, one Project 2 and one Project 3 per group). All the projects went through numerous iterations, with feedback from both teacher and other students via a Moodle class home page.
How the brain makes sense of the world (“the brain’s stories”) was taught as part of the unit, so the concept of “narrative” arose naturally. Further, AI learning algorithms highlight the primacy of feedback from the environment, so the importance of learning through actual experience was emphasised both theoretically and in practice (each class including significant participatory elements), and students were strongly encouraged to make their Scratch animations interactive.

The positives of this process were that students found it valuable to be working on materials that would actually be used by their successors in the following year to understand AI (this was stated as a goal of the Scratch projects). Out of the 48 completed final projects, 14 are useful in this way (around 29%). Some highlights include an animation of John Searle’s well-known Chinese Room argument concluding that “Strong AI is impossible!” and an interactive map-colouring challenge of Australia illustrating constraint satisfaction problems.
Nevertheless, students evidently found it hard to escape from the simplicity of the most easily programmed Scratch narrative structure: a straightforward conversation between two agents. There is little that is authentic about a story of two characters greeting each other “Hi! What happened?” “Please tell me about the Frame Problem!” “Sure.”  Of the 48 final projects, 11 were animations in this dialogue style (around 23%), and a further 7 animations (around 15%) devolved even more, transposing the students’ conception of education directly into their own “teaching” efforts and just showing a teacher agent presenting material. Only 13 projects (27%) incorporated interaction, which we found disappointing, given the emphasis of the class. However, we analysed the collected Scratch code of the assignments and found that the students overwhelmingly relied on a limited subset of the Scratch functionality, sufficient for the movement of sprite characters along a fixed timeline. Control structures such as loops were largely avoided for anything other than the isolated animation or resizing of characters. Just 4 projects (around 8%) used loops in the logic of the story, with requirement for repeated actions often instead being dealt with by repeatedly copy-pasting identical chunks of code. Only 7 projects (15%) made use of variables. Given that no emphasis was placed on Scratch internals during the class, it was maybe to be expected that students would follow a path of least resistance in this way, particularly since the specialty of the students taking this unit did not include programming (all first year students at FUN follow one curriculum, which introduces them to programming, but then select a focused course of study for their remaining three years).
Discussion

Probably most important to emphasise is that in neither unit did the teachers give explicit instruction on how to use the technology itself. Instead, we were able to focus primarily on the iterative process of improving the content. This was largely thanks to the key feature that a Scratch program with “bugs” still “runs” without producing errors: the flow or the movements or sounds are just different to expectation. This instant feedback allows students to genuinely experience a develop-test cycle, in a way that they typically do not with conventional programming languages (especially, our students are liable to simply give up when faced with a screen of English error messages). It was thus possible for us to partially address the first aspect of our resource curse: the students were sufficiently able and motivated to learn about the use of the new technology for themselves, at least to the level of becoming functionally able to meet required goals.

As for the performance portion of the resource curse, we have been encouraged by the reactions of other faculty to the student Scratch output, many of which have been described as being at the high end of the overall output of our students. We acknowledge that so far our rubric for suggesting “success” is far from any rigorous conclusion, and we are not fans of “outcome as result” thinking. What we see here instead is a potential framework for addressing the complementary axis of “learning as result”. The nature of the “storytelling” task is easily transportable over multiple classes in a curriculum, giving rise to opportunities for reinforcement and crossover, and for a focus on the meta-cognitive skills that can be shared. That Scratch is actually a programming language is also a real attraction at a technology university, where programming must be taught and yet significant numbers of students ordinarily have problems with relatively basic concepts, such as nested loops. In particular, Scratch’s primary control method is message passing (between blocks of code connected to different sprites), which gives the students experience of a feature of relatively high-level “Object Oriented Programming”. This kind of programming is normally introduced in the second year at FUN, suggesting that Scratch could be a platform for gaining preparatory, implicit experience. (Note, though, that the “dispersed” nature of Scratch code can make “eyeballing” a student project tedious, if many sprites have their own associated code blocks in separate windows). 
As a further benefit, we witnessed that the tasks we set the students also provided a way of challenging their inbuilt assumptions about the process of learning and education itself. Although a significant amount of output relied on a simple presentation of a linear sequence of prepared texts by some Scratch agent(s), students were able to compare these against other projects that used genuine interaction to give a more direct experience of a concept. 

Finally, a worry that initially occupied us was whether university-level students would view Scratch as being somehow beneath their level. Happily, this was not the case, with one student even writing in feedback “I thought that six year olds of foreign were great”.

Conclusion
This paper has outlined our continuing efforts to enhance the learning opportunities for Japanese technology students, focussing especially on the need to cross disciplines, to enhance students’ meta-cognitive skills, and to acknowledge and deal with the possibility of resource curse negative correlations between available technology and student desire and ability to actually use it. Our hope is that this case study may encourage others to think similarly, and join us in creating a new story to frame student thinking and learning.
For our part, we are now working on how to better integrate Scratch into a curriculum by narrowing the initial focus to just the storytelling/narrative aspect. To do this, we have used Stop Action Motion (SAM) animation (www.samanimation.com). This can produce animations from pictures taken by a bottom-of-the line digital camera (only 640x480 pixel resolution is necessary), thus allowing more freedom, and finessing entirely for the time being any issues of “programming”. By first giving students this direct experience, supported with theory on story, they may be even better prepared to deploy their thinking skills when starting from Scratch, or encountering other technology. Potentially, we could all avoid the resource curse.
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� The resource curse is a phenomenon noted in economics and international relations where countries with an abundance of natural resources nevertheless perform worse than poorer neighbours. Extra wealth can lead to lower growth rates, greater volatility, more corruption, and, in extreme cases, civil war.


� Although assessment criteria were outlined, the parameters were somewhat ambiguous (e.g., language, mood, plot) to allow for individual preference and variety. It is therefore difficult to allocate a discrete statistical result and it is acknowledged that grading contains a subjective bias.
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