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Abstract: In this paper, we propose that a computer education program aiming to build computer fluency should consider behavioral (e.g. skills), cognitive (e.g. conceptual understanding) and affective (e.g. attitude) components. A curriculum was formulated accordingly and implemented in a pilot school. Data was gathered from 45 elementary school students (average age 9.1 years) using Young Children’s Computer Inventory to assess the impact of the course on students’ attitudes. Findings indicate that students understood the potential gains following from the use of the technology and enjoyed the activity. Computer did not adversely affect motivation to study and creative tendencies of the students. In addition, students perceived that they learn more from using a computer than writing or passively sitting in front of a television. Besides, they preferred to work on computers and found it less difficult than writing. 

Introduction

In the twenty first century, computer and Internet skills have acquired the relevance of life-skills and become benchmarks of literacy along with the traditional 3Rs- reading, writing and arithmetic. Schools have largely taken the responsibility for equipping the new generation with the technical skills. Lim, et.al. (2002) postulate that integration of ICT into the school curriculum is instrumental in developing a culture of thinking, lifelong learning and social responsibility. It is particularly important for developing countries to invest in computer education as this can be instrumental in building indigenous technological capability and greater independence in the long run (Hawkridge, 1990). 

In India, less than 10 percent of all the schools have a computer and these are skewed in favour of urban areas (26.41%) while the rural areas (6.66%) are marginalized (Mehta, 2005a & 2005b). Even when computers are considered for study in schools, the emphasis is largely on acquiring the technology (computers) per se and there is little deliberation on what should be on what should be taught at each level. The national and some state education boards have defined a course for high school, but kept the content fairly open for elementary and middle school levels. In the absence of clearly defined computer science curriculum, computers could be relegated as entertainment devices. On the other hand, a systematic curriculum can develop technical skills, clarity of though, and nurture positive attitude towards the technology. This paper outlines the essential components of computer science curriculum for elementary level along with the empirical evidence to support the affective component. The next section presents a background of the different approaches in designing and teaching of the computer science course. This is followed by a description of the proposed model for teaching computers. Following this, data on the impact of the curriculum on students’ attitude is presented.  

Background

Hawkridge (1990) identified different reasons for including computer science in schools. Depending on what is the rationale in a particular education system, societal (need of information based society), vocational (prepare for a career), pedagogical (enrich learning experience with technology) or catalytic (change the education process) approach is adopted in designing the curriculum and its teaching. The developed countries of the West adopt a pedagogical or catalytic approach. Computer education in UK schools during the 1980s was founded on the notion of teaching with or through computers rather than about computers (Cloke & Al-Ameri, 2000). In the United States, the ACM proposes guidelines on what should be taught in K-12 to help kids become active participants in the process of technology education. Efforts have been geared to address the requirements of school students to become fluent with the technology. The past decade has witnessed expansion of operating systems (example: Sugar) and programming languages (example: Scratch) for children. Scratch (Peppler & Kafai, 2005) and Alice (Cooper, Dann & Pausch, R. (2003) are examples of 'head fake' applications where students learn to program and refine algorithmic thinking without realizing that they are learning. These applications enable kids to become creators rather than consumers of edutainment applications.

However, developing countries, such as India focus on imparting computer skills to prepare students for particular vocations. Alternatively called computer science and information technology, the course consists of mainly office applications and some exposure to World Wide Web. Thus all efforts are directed to teaching students to become expert 'users' of the technology, leaving little or no time to mentoring them to become 'creators' of technology. This is in contrast to Hawkridge's idea that the developing countries should invest in computer education to build indigenous technological capability and greater independence in the long run. We propose that developing countries can adopt an eclectic approach that considers a combination of societal, vocational, pedagogical and catalytic approach. Such an approach should aim to build computer fluency and focus on behavioral, cognitive and affective aspects. This paper presents a framework for framing a computer science course. In addition, it presents empirical evidence for the affective component of the proposed curriculum.

The Study

Framework for building computer fluency amongst school students

Becoming fluent with computer technology implies capacity building in three areas, skills to use the technology, conceptual understanding and algorithmic thinking and positive attitude towards computers. Thus, computer education program needs to consider three components. First, the behavioral aspect focuses on observable aspects and considers acquisition of skills to become efficient user of the technology. This includes computer skills (e.g. basic features of the operating system, word processing), information literacy (e.g. search, filter and synthesize information) and computer ethics – health and safety (e.g. share resources, ergonomic aspects such as right posture, eye/hand exercises to avoid social and health hazards). Second, the cognitive aspect considers the non-observable aspects and lays emphasis on general mental capacities (e.g. problem solving skills, reasoning capacities) and computer science fundamentals (e.g. programming, digital representation of information). Romeike (2008) reports that the core of computer science is problem solving and elaborates on the ‘challenge cycle’ to teach computer science concepts. For a novice learner, behavioral and cognitive aspects of computer fluency can be reinforced through hand-on experience, computer games, puzzles and ‘head fake’ applications such as Scratch or Alice. Third, the affective component considers emotional factors such as encouraging a positive attitude towards computers, Internet and the information process, enjoying the process of inquiry and gender sensitivity. Support for this component is based on educational research that learning is not just a rational act; but also has emotional connections (Hasher in Romeike, 2008). This means that in addition to acquiring skills and conceptual understanding, we need to consider how a student feels about the technology. Figure 1 presents the conceptual framework for preparing a course in computer science aimed at develop fluency with the technology.

In this paper, we study the impact of the proposed syllabus on: a) students’ attitude towards computers, b) learning related dispositions such as creative tendencies, motivation and study habits. We also assess whether computer use by primary school students has any negative side effects such as loss of touch with reality or diminished concern for the welfare of fellow human being. In addition, students’ compared using a computer, reading a book, writing and watching television for preferred activity, difficulty level and learning tools. Participants of the study consisted of 45 students from Grades III, IV and V (average age 9.1 years). Data was gathered using the 52-item Young Children’s Computer Inventory (Knezek & Christensen, 2000). This instrument measures elementary school children’s attitudes on seven indices – computer importance, computer enjoyment, motivation, study habits, motivation, creative tendencies, attitude towards schools and empathy. The average scores of the students are presented in Table 1. 

It was found that the implemented curriculum of computer education resulted in positive attitude towards computers as students understood the potential gains following from the use of the technology and enjoyed the activity. Computer did not adversely affect motivation to study and creative tendencies of the students. Similarly, it did not have diminishing effect on the feelings of empathy amongst the students. Besides, students reported a positive attitude towards school. Thus, introducing computer education at elementary school had no adverse effect on the students. On the contrary, it yielded positive gains in the form of positive attitude towards the technology. These findings indicate that the course has impacted the affective component and are on the way to becoming fluent with the technology.

Paired Comparisons

One part of the Young Children’s Computer Inventory (YCCI) had students indicate their preference among reading, writing, using a computer, or watching television. For each of the questions, six comparisons are presented between the four activities. Computer preference is assessed by the question ‘Which would you rather do?’  Computer difficulty is assessed by question ‘Which would be more difficult for you?’  Computer as learning took is assessed by question, ‘Which would you learn more from?’ The rank sum method of scaling (Dunn-Rankin, 1983) was used to determine significant differences among the objects preferred, the objects judged for greatest learning potential, and the objects judged by the students for greatest difficulty. Students’ preferences are illustrated in Figure 2. 

It was found that students preferred working on computers over writing (p<0.01). The students find watching television to be the less difficult than using computers (p<0.05). However, writing is reported to be significantly more difficult than using a computer (p<0.05). Students preferred to learn from computers over writing (p<0.5) and watching television (p<0.01). The other findings indicate that reading is preferred over writing (p<0.05), students preferred to learn from reading over writing (p<0.05) and watching television (p<0.01). Thus, increased use of technology for education is supported by students’ perception that they learnt more from using a computer than writing or passively sitting in front of a television. 

Conclusion

In order to build computer fluency, it is essential to nurture a positive affect towards the technology along with building conceptual understanding and skill levels. It is found that the proposed course strengthens the affective component of computer fluency. 

Limitations of the study

This study needs to be replicated on large and more diverse sample in order to be more representative. Comparative analysis with a control group that did not take a computer course and/or followed other syllabus and teaching content can provide a more conclusive evidence for the impact of the implement course. Further research can study the impact across gender, grade and achievement levels. 
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Figure 1: Proposed Framework for Computer Science Curriculum











Table 1: Average score of students on the YCCI (N = 45)

	Sub-scales
	Example from the scale
	Average scores
	Possible range

	Attitude towards computers
	38.61 (SD =4.09)
	11-44

	Computer importance

perceived value or significance of knowing how to use computers
	I can learn many things when I use a computer.
	20.50 (SD =2.97)
	6-24

	Computer enjoyment

amount of pleasure derived from using computers
	I enjoy lessons on the computer
	18.11 (SD =2.05)
	5-20

	Motivation to study
	34.87 (SD =5.24)
	11-44

	Motivation

unceasing effort; perseverance; never giving up
	I enjoy working on a difficult problem.
	16.11 (SD =2.75)
	5-20

	Study habits

mode of pursuing academic exercises within and outside class
	I study by myself without anyone forcing me to study
	18.76 (SD =3.23)
	6-24

	Creative Tendencies

inclinations toward exploring the unknown, taking individual initiative, finding unique solutions
	I find new things to play with or to study, without any help.
	41.56 (SD =6.06)
	13-52

	Attitude towards school

perceived value or significance of school.
	I really like school.
	12.98 (SD =2.78)
	4-16

	Empathy

a caring identification with the thoughts or feelings of others
	I worry when I see a sad friend.
	31.93 (SD =4.31)
	9-36


Figure 2: Preferences of students
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Computer ethics – health & safety


share resources,  exercises to avoid hazards related to computer  use, Internet safety





Computer skills 


skills that are currently essential, e.g. database, internet, basic OS features








Computer science fundamentals


- how and why applications work, programming, modeling and abstraction, digital representation of information, ability to navigate information structures and limits of IT.





General mental capacitates


- algorithmic (step-wise) thinking, abstract reasoning, organization and problem solving skills, information handling (what-if analysis, know-why, know-how), collaboration 
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positive attitude towards computers, Internet and the information process


appreciate and enjoy the process of enquiry, so that students learn to learn
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*The term fluency and its description are adapted from the National Research Council, Computer Science and Telecommunications Board, Being Fluent with Information Technology (Washington, DC: National Academy Press, 1999).








0





100





0





0





100





100





Prefer to do





Find more difficult





Learn more from





Write


(28.09)





read a book


(58.50)





use a computer (67.355 %)





watch television


(24.43)





read a book


(45.16)





read a book


(68.12)





use a  computer


(50.35)





use a computer


(70.30)





write


(79.99)





write


(38.49)








watch television


(22.96)





watch television


(45.93)








