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Abstract 
This paper outlines issues that warrant attention in the professional development of 
teachers of programming to young children. 

To teach programming well, teachers must themselves have a good understanding 
of, and confidence in using one or more programming environments appropriate for 
young learners. Curriculum policy and intentions are important. Much of the 
successful work in children's programming has occurred in settings where an 
integrated approach to curriculum is taken. Pedagogical techniques for teaching of 
programming need to be considered. Successful approaches generally show a balance 
between guidance and discovery, with apprenticeship, consultation, collaboration and 
other techniques working well in various situations. Teachers of programming need to 
understand the development of skills of collaboration and consultation. This is 
important in continuing their own professional development as well as in fostering the 
collaborative working strategies supported by programming in classrooms. Discussion 
of programming's relationship with more general problem solving, possibilities of 
transfer of learning from programming to other areas of the curriculum, changes in 
learners' attitudes to errors, the encouragement of learners' reflection and thinking 
about thinking, and effects on learners' self confidence and feelings of empowerment 
in learning, are also important components of teacher preparation in this area. 
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1 INTRODUCTION 

This paper draws on the literature on children's learning of programming, and on 
interviews with successful teachers of programming at elementary school level, to 
outline issues that warrant attention in the professional development of teachers of 
programming to children. 

2 KNOWLEDGE OF PROGRAMMING 

To teach programming well teachers need knowledge and experience sufficient to 
have understanding of, and confidence in, one or more programming environments 
appropriate for young learners. Johanson (1988) relates the best of programming 
instruction with teacher knowledge of programming concepts such as recursion. This 
view is supported by Pea, Kurland and Hawkins (1987) and Leron (1985) who stress 
the importance of teachers having intensive training in the programming language 
being taught, avoiding teacher expectations being limited to drills on language 
features (Dalbey and Linn, 1986). Leron also warns that poorly prepared teachers tend 
to concentrate on the language and its syntax, ignoring the instrumental, instructional, 
and social environments postulated by Kurland, Clement, Mawby and Pea (1987). 
Subject knowledge and teaching skill are thus essential qualities of the teacher of 
programming. Pea and Kurland (1984a) emphasise that it is by interactions with 
skilled teachers that skill in problem solving and planning develops. 

Teachers of programming to young children need to be competent programmers at a 
level sufficient to guide their pupils and to set challenges for more advanced pupils. 
This requires sufficient knowledge to be able to recognise challenges, and to provide 
whatever intervention might be necessary. It is highly unlikely that these attributes 
will be acquired in traditional teacher education learning environments. Depth of 
knowledge is best achieved in context and when there is a recognised need to gain 
further insights into programming and, importantly, into teaching strategies that 
encourage children to become independent learners. Teachers and student teachers 
must be able to choose and establish programming contexts that will foster new types 
of relationships among children, their teacher and subject matter (Papert, 1980). 

Pea acknowledges the importance of a supportive culture in the implementation of 
the Logo language in schools and emphasises the importance of teachers being able to 
create a culture that fosters the development of thinking skills through a judicious use 
of examples, student projects, and direct instruction (Pea, 1984). Likewise, Johanson 
(1988) and Glaser (1986) exhort teachers to develop a complex school culture in 
which computers play significant roles in helping students to engage in higher-order 
thinking. Papert, Pea, Johanson, and Glaser all emphasise the development of a 
culture where higher order cognitive skills can be fostered in association with 
programming activities. 
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3 CURRICULUM POLICY AND INTENTIONS 

The teaching of programming must take place in the context of curriculum policy and 
intentions. Papert (1985) advocates a method of teaching programming that is guided 
by curricular intentions different from the norm. Traditional methods of teaching 
programming are inconsistent with the curricular aims associated with Logo. Walker 
and Schaffarzik (1974) suggest that failure to achieve intended outcomes may relate 
to the possibility that programming instruction did not embody specified objectives of 
the wider curriculum. They also note that mastery of syntax and programming 
principles dominates instructional time and thus effectively dominates the curriculum. 
Similarly, Clements (1986) notes that it was curricular intentions embodied in Logo 
instructional procedures that accounted for the effects found. Johanson (1988:15) 
argues that, not only must there be curricular intent, but that programming should be 
significant in its attachment to bodies of content. 

Our studies reveal that integration of programming into traditional subject areas (for 
example, mathematics, science, social science) is much favoured by the teachers of 
programming and the wider body of teaching staff. It is considered that integration of 
programming across the total school curriculum not only establishes a relevant 
context for programming activities but also provides a sharp focus for the children and 
enhances the range of learning experiences. This suggests that explicit curricular 
intentions, particularly with respect to metacognition and refinement of thinking, are a 
likely cause of the effectiveness, or otherwise, of instruction in programming 
languages. Research since the early 1980s indicates that integration of programming 
activities into existing curricula not only supports those curricula but provides 
relevance and context. 

Integration does not happen spontaneously. Considerable expertise in programming, 
curriculum development and leadership is required if integration is to be successful. 
Teachers, and particularly student teachers, need considerable assistance in 
developing skills and techniques in integrating programming into various curricula. In 
addition they need to be provided with a repertoire of different types of programming 
activities for children of different ages, abilities and interests. Perhaps the most potent 
form of assistance is given by exemplary activities within in-service and pre-service 
training contexts. 

4 PEDAGOGICAL TECHNIQUES 

The broad question of how much and what type of instruction is best has been hotly 
debated (Papert, 1980; Pea and Sheingold, 1987). At one extreme, direct instruction is 
the major teaching mode. At the other, there is almost no direct instruction. However, 
the literature does identify some key factors within social and classroom 
organisational contexts, culture, and teaching practices that serve to enable the 
programming process. These factors are supported by both quantitative and qualitative 
research. The pedagogical techniques suggested include balance between guidance 
and discovery, the adoption of an apprenticeship system, and extensive consultation 
and collaboration. 
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On the issue of the balance between guidance and discovery Mandinach ( 1987) 
reports that explicit instruction generally facilitates skill acquisition, while indirect 
instruction is more likely to result in transfer. Unfortunately, explicit teaching of the 
language is both commonly accepted and potentially counterproductive for the 
transfer effects sought (Johanson, 1988). Nevertheless, Pea and Kurland (1987) note 
that while explicit instruction and the associated fact learning approach to 
programming are unlikely to result in complex cognitive changes, so is unsupported 
spontaneous exploration. The literature also strongly suggests the need for 'significant 
self-direction' (Johanson, 1988); too much teacher-imposed structure not only makes 
projects seem arbitrary and uninteresting, but is also less likely to evoke students' 'full 
attention and involvement' (Kurland, Clement, Mawby and Pea, 1987). Leron (1985) 
suggests that it is a major educational challenge to find ways by which teachers can 
help children without sacrificing 'the spirit of meaningful and exploratory learning'. 
He suggests that making available a study guide helps children learn powerful ideas 
through partial direction and prompts them to reflect on their results, but 
acknowledges that his suggestion is a quasi-Piagetian approach to learning. He argues 
that while there is a resultant trade-off of some of the freedom inherent in a Piagetian 
approach, there is a deeper understanding of the ideas behind the programming 
activity (Leron, 1985). Finding the 'right' balance between guidance and discovery is 
crucial. Johanson (1988), echoing the advice of Papert and others, warns of the danger 
of directing children into learning the syntax and structure of a programming language 
and its possible interference with the intended goal of problem solving skill 
development. Lehrer (1993) emphasises that exemplary instruction should focus on 
design skills rather than syntax and semantics. 

The teachers within our study moved from what could be regarded as an 
unstructured approach to one that was slightly structured. In essence their approach 
was to give sufficient direct instruction in the initial stages to enable children to begin 
individual projects with some success. Using Logo and HyperCard, it was found that 
children needed very little instruction before they were able to begin to work 
independently. Then children were encouraged as the need arose, individually or 
collectively, to draw further on the teacher as a resource. Teacher assistance took the 
forms of questions to assist children to reflect on their problems; encouragement for 
them to interact with and seek advice from other children; suggestions to consult 
reference manuals; and small group explanations or demonstrations. At all times the 
teachers ensured that their input was just sufficient to bring the children to a level 
where they could continue unassisted. An important aim was that children continued 
to have a strong sense of being in control and having ownership of their project. 

Another technique that has been suggested is the adoption of an apprenticeship 
system. Pea and Kurland advocate this as an effective, even the best way of teaching 
programming (Pea and Kurland, 1984c). 

A third approach involves extensive consultation and collaboration. Some 
researchers suggest that there is a danger that collaboration results in the borrowing of 
code without the student understanding what the code does, or why. Kurland et al 
(cited in Pea and Sheingold, 1987) warn that' ... an over reliance of other people's code 
that is beyond the understanding of the borrower is unlikely to lead to a deeper 
understanding of programming'. However, our research suggests that the use of 
borrowed code may be a crucial stage in learning to program and one that is enhanced 
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by the collaborative process. Our studies have revealed that the borrowing of code 
occurs among school pupils and teacher education students alike and that such a 
practice equates, in the first instance, to the use of a 'tool'. Contrary to the warning that 
the borrowing of code might not promote deeper understanding of programming, 
teachers and lecturers in our study believe that the practice of borrowing code may 
ultimately enhance understanding of programming concepts. 

5 OTHER FACTORS 

Papert and Pea, perhaps the best known representatives of what are ostensibly 
polarised views relating to the educational value of programming for young children, 
have identified several other key pedagogical factors that facilitate the successful 
integration of programming into elementary schools. These include allocation of time 
(Papert, 1980; Pea and Kurland, 1984) and access to computers (Papert, 1980). 

Johanson ( 1988) emphasises that depth and duration of exposure are essential to the 
development of operational thought and that these probably have 'not been achieved in 
empirical studies to date'. Kurland et a! bemoan the fact that: 'Even after two years of 
study, many students had not learned enough to have any hope of transfer effects to 
other disciplines or problem areas' (Kurland, Pea, Clement and Mawby, 1986). More 
specifically, Pea and Kurland (1984b) and Kurland, Mawby and Cahir (1984) 
comment that 'achievement of expert programmer status takes enormous amounts of 
time - perhaps 1000 hours'. Pea and Kurland (1984a) also comment that we cannot 
expect the benefits of programming to emerge in the space of a year. Papert's views on 
the importance of extensive exposure to computers are well documented. Neophyte 
programmers need regular, on-going and extensive opportunities to program. 

6 CONCLUSION 

Traditional in-service and pre-service courses for teachers tend not to teach 
programming. Where they do there is a tendency to teach through exercises in syntax. 
Such an approach is counter-productive. What is much more likely to succeed is an 
approach that embodies knowledge of pedagogical approaches that have worked well 
in classrooms, a strong emphasis on philosophical and educational underpinnings, 
significant self direction, a balance between guidance and discovery, and a changed 
role for the lecturer. A compelling argument for teachers having a knowledge of 
programming sufficient to integrate it into the curriculum is that programming is one 
of the few ways in which children can take control of their academic environment and 
experience a sense of empowerment. As one teacher said "Being able to program is 
like being in charge of magic". 

Discussion of the arguments that have been made for the teaching of programming 
to young children, including programming's relationship with more general problem 
solving, possibilities of transfer of learning from programming to other areas of the 
curriculum, changes in learners' attitudes to errors, the encouragement of learners' 
reflection and thinking about thinking, and effects on learners' self confidence and 
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feelings of empowerment in learning, are also important components of teacher 
preparation in this area. 

There is a widespread view that programming can bring unique educational benefits 
to elementary school children. If those benefits are to be manifest in educational 
outcomes within schools then it is suggested that teacher education courses be 
informed by the literature on approaches and practices that work well in classrooms 
and that all elementary school student teachers be exposed to programming activities 
as an essential part of their training. 
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