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Learning computing and computational thinking is now a mandatory part of the primary curriculum of many countries and there are a
range of different approaches to introducing the subject to young children. These early experiences of computing are important for
motivating and engaging pupils and, at their best, can spark a life-long interest in the subject. However, some pupils struggle to learn
computing and computer science and risk becoming disengaged — avoiding this happening is a key challenge for school teachers. This
paper explores some pedagogical features that show promise for enabling all pupils to succeed in computing, particularly those who find
it most challenging. The paper discusses a case study of computing education for pupils aged 7-9 where the pupils were taught using the
constructionist ‘Computing with Emil” scheme. It cites observation, interview, work sample and formal assessment evidence to discuss
features of the approach that were most successful in helping those pupils who struggle the most to learn computing. These included
setting accessible and motivating activities, providing opportunities for collaboration, ensuring frequent experiences of success, and using
multiple methods of recording.
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1 INTRODUCTION

“One of the challenges (but also the pleasures) of developing a totally inclusive learning environment within the
classroom is that, by their very nature, all children are different and have different strengths and needs” (Langston,
p339, [1])

Ensuring the progress of all learners in their class has been described as “by far the greatest challenge to teachers” [2]
and this is as true for computing as any other subject. The early years of schooling are crucially important for children and
early experiences can have a long-lasting influence on a child’s education and learning. With computing now a feature of
mandatory primary education in many jurisdictions, it is important that early experiences of the subject are positive and
allow all children to learn and be successful. This is particularly vital as continuation rates for young people taking
computing-related subjects beyond compulsory schooling remain low in many countries, including the UK, and this is
particularly the case for those from disadvantaged and under-represented groups.

In order for pupils to have a positive experience of learning computing, teachers need to recognize and cater for the
different experiences, strengths and needs of the children in their class. However, teachers can find this challenging [3]
and teacher perceptions and beliefs about pupils’ abilities are often gendered and biased [4]. This paper discusses one small
aspect of inclusive computing teaching: how teachers can ensure that they support the learning of the lowest attaining
pupils in their class. There is currently a lack of research and guidance for teachers on how they might to do this and the
paper aims to identify some potential avenues for future exploration.

2 ATTAINMENT IN COMPUTING

In any computing class, there will be differences in pupils’ levels of attainment [5] although it can be argued that
computing can be a “good subject for reaching out to learners who may not achieve in other areas” [6]. However, we must
be careful not to assume that pupils’ attainment in computing is necessarily due to a lack of aptitude or ‘ability’. In fact,
differing levels of attainment may just reflect how much opportunity pupils have had to experience computing outside of
school and this in turn will be influenced by a range of social and cultural factors. Differences in attainment can be related
to cultural capital or home language [7] or reflect wider social disparity and under-representation. In addition, teachers can
hold an unconscious bias that certain students cannot be as successful in computing, for example, due to a disability [8].

School computing teachers are very conscious of the challenges and difficulties that they encounter. In a survey of over
300 school teachers, Sentance and Csizmadia [3] identified that teachers found the range of attainment within a typical
class challenging. For example, some teachers felt that their students’ prior experience of programming differed and that
this was hard to cater for with one teacher quoted as saying “I have found the ability gap to be much bigger than any other
subject” (p480). Other teachers referred to these gaps between children’s attainment widening as some student progress
faster than others. The teachers in this study were able to identify specific aspects of computing that their pupils struggled
with and these included both concepts (e.g. variables) and approaches (e.g. problem-solving and thinking computationally).

Matching the material to be learnt to the needs and characteristics of learners can be considered an aspect of teachers’
pedagogical reasoning. Webb identifies several stages to pedagogical reasoning in teaching computing including selecting
teaching strategies, adapting these to the characteristics of students, and then tailoring those to the needs of individuals [9].
While some strategies for matching computing work to the needs of individuals have been proposed, for example, allowing
pupils to self-select from a range of different challenges [10], teachers are not always well equipped to ensure that they set
work that is at the right level of challenge for all their pupils and even experts can find it difficult to evaluate the complexity
and difficulty of computing tasks [11].



Instead of setting different levels of activity, teachers can also introduce learning opportunities that are designed to be
accessible to all pupils (having a ‘low floor’) while allowing pupils to demonstrate high levels of achievement (having a
‘high ceiling’) [12]. Such designs allow all pupils to develop agency, to engage with computing concepts and to take part
in programming activities. However, it is important that activities for young children promote both thinking and doing,
rather than just doing [13]. One approach that aims to encourage pupils to think deeply about computational concepts is
Computing with Emil.

Computing with Emil is a programming environment and systematic pedagogic approach for lower primary computing
[14, 15]. The Computing with Emil approach includes a programming microworld consisting of carefully designed
gradations of tasks; a pupil workbook; and a set of teacher materials. Pupils work in pairs using a laptop or tablet to
complete tasks in the microworld and work individually to complete tasks in the workbook. A key principle underpinning
the design of the programme is that “there is no space for lecturing” [14], learning takes place through pupils collaborating,
completing tasks and through whole class discussion scaffolded by the teacher. The software does not provide feedback so
that pupils are encouraged to discuss and agree whether or not a task has been solved [15]. In the Computing with Emil 3
unit used in this research, the key concepts covered are sequence, order and coping with constraints.

3 METHODS

The examples used in this paper are taken from a research project exploring the use of the Computing with Emil within
the context of the National Curriculum in England. This research was conducted in England during the 2022-23 academic
year and this paper draws on data from the project that relates to the lowest attaining pupils in the case study class.

The research was conducted in an English Primary School with a class of 26 pupils aged 7-9. As is usual in UK schools,
the school year is divided into six ‘half-terms’ and pupils learn different topics each half-term. For the purposes of this
project, the school agreed to teach the Computing with Emil 3 curriculum and this paper reports data collected from a half-
term of lessons — this consisted of 6 lessons each lasting between 40 - 50 mins. The lessons covered activities from the
‘World 1 - Emil the Collector’ unit which focus on concepts of sequencing and order. As the unit progresses, these activities
introduce various forms of constraint that pupils learn to appreciate and, sometimes, overcome.

Prior to the start of the Computing with Emil lessons, an initial assessment of computational thinking was conducted
using the TechCheck 2 Computational Thinking assessment [16]. This is a validated, unplugged assessment tool that uses
multiple choice questions that require no prior knowledge of computer programming. The question style does not resemble
the style of questions experienced in the Computing with Emil microworld or workbook.

The TechCheck assessment is based around Bers “Seven Powerful Ideas” [17] of developmentally appropriate
computational thinking: algorithms, modularity, control structures, representation, hardware/software, design process,
debugging. As a multiple-choice assessment, TechCheck assesses six of these computational thinking domains, omitting
‘design process’ as this “is an iterative and open-ended process with many solutions that cannot be readily assessed with
the short multiple-choice format” [16]. Validation studies of TechCheck with pupils of similar age to those in this research
sample had an average score of 11.58 [16].

During the lessons, data was collected through observational notes (including transcription of pupil speech). These
notes included observations of: pupils using the Computing with Emil software; pupils working in pairs; pupils completing
workbooks; contributions to whole class discussions; interactions between pupils and teachers. Copies were also made of
the exercises that pupils completed in their workbooks.



After the half-term sequence of lessons was completed, an interview was conducted with the class teacher — this was
recorded and transcribed for analysis. In addition, a second Tech Check Computational Thinking assessment was
conducted and compared to the results from the initial assessment.

The research study followed the British Educational Research Association’s “Ethical Guidelines for Educational
Research[18] and full ethical approval was given through the researcher’s institution’s ethical approval procedure. The
headteacher of the host school and the pupils’ class teacher were fully informed of the purpose of the research prior to the
start of the study and both gave written consent. The participating teacher was able to withdraw from the research at any
time during the study. Participation in the lessons was a compulsory part of the school curriculum for pupil but children
were free to withdraw from the formal assessments and gave oral assent to these on both assessment occasions.

4 RESULTS

4.1 Pupil learning

Over the course of the project, the pupils had just six lessons using the Computing with Emil curriculum but despite
the minimal amount of time devoted to computing, pupils made clear progress in their understanding of the concepts
intended to be learnt through the Computing with Emil syllabus and in the development of their computational thinking.
This was evident in the pupils’ workbooks where regular tasks showed how pupils were able to respond to more
complicated tasks and were able to cope with multiple constraints. It was also clear to the pupils’ teacher who remarked
on pupils’ learning in a range of areas including “logical thinking” and “critical thinking”.

The progress in computational thinking was demonstrated most clearly in the Tech Check assessments. Due to pupil
absence on either the first or second assessment date, 21 pupils attempted both the initial and final assessments. The average
score in the initial assessment was 9.9 out of 15 and the average score in the final assessment was 11.5 out of 15. Within
these, the greatest improvements were made by those pupils with the lowest initial score, for example, Pupil H made a 6
point improvement. Increases could be seen against all of the six computational thinking domains measured by the
TechCheck assessment (the greatest improvement was seen in the ‘debugging” domain — however, due to the small number
of questions in each domain and the size of the sample, differences between domains should not be overstated).

It would not be justifiable to claim that the measurable improvements seen over even this short period of time could be
attributed to any one feature to the approach. However, the data did identify several features that appeared to be significant
for some pupils and are worth further investigation, these included: accessibility of learning activities; collaborative work;
frequency of success; and use of written tasks.

4.2 Access to learning

The class teacher described the Computing with Emil approach as being “so much more accessible” and “child friendly”
than the other computing schemes that she was familiar with. She explained that this was because pupils were able to start
working on problems immediately and then ask themselves questions about why something they had tried didn’t work.

The ease of use and motivational potential of the software was also noted in observations — pupils were very enthusiastic
about the lessons and were excited to take part in them. The graduated series of tasks through out the microworld ensured
that pupils had a high level of success at the start of each sub-topic. This promoted pupils’ independence and enjoyment
of the activities.

The design of the activities and the teacher guide ensured that the materials were also accessible and easy to use for
teachers. One of the difficulties for generalist teachers when teaching computing can be a lack of detailed subject



knowledge in computing. In the interview, the class teacher remarked that although she would rate her computing
knowledge as “7/10”, her usual scheme of work was “almost too hard for my subject knowledge as a teacher...I find it
really difficult” and that this constrained her ability to engage pupils in her lessons. In particular, she remarked on the
“jargon” of computer science and not immediately knowing the answers to questions that pupils asked. In contrast, she
believed that the Computing with Emil lessons supported her to teach effectively.

4.3 Collaborative work

The class teacher interview and lesson observations both noted that during the paired work, pupils frequently
demonstrated sustained thinking and in-depth conversations about the tasks they were working on. The class teacher
identified that one of the benefits of the Computing with Emil lessons had been the pupils’ learning about working
collaboratively. In pairs, they questioned each other, found different answers to problems and found ways of agreeing or
disagreeing with their friends. This was the case for all pupils including those who were not meeting the age-related
expectations in other areas of the curriculum.

Observations showed that the paired activities also allowed pupils to support each other. In one example, recalled by
the class teacher, a pupil became frustrated when he was able to complete a task in multiple ways while his partner could
not. Within the Computing with Emil session, he was able to guide his partner with open questions but without just telling
him the answer. The teacher suggested that this was notable because the pupil had not been able to demonstrate this ability
in other lessons such as mathematics.

Observations of Pupil E, for whom English was not their first language, suggest that she was most successful when
working with support whether that was from paired partner, or in one lesson, an adult scribe.

4.4 Frequent success

Computing with Emil is designed around gradations of tasks and pupils complete multiple tasks in each lesson through
the microworld and/or their workbook. The small challenges were described by the class teacher as providing frequent
experiences of success so that pupils were “kept on board”. In the teacher’s words, pupils felt “We’ve achieved this. Now
we move on. This is a bit of a harder task, [we] achieve it again and we’re getting a lot more confidence and feeling like
‘oh actually I can do this’.” She also suggested that these short activities enabled pupils to “challenge themselves at their
own level”. This was also supported by the Teachers’ Guide that suggested extension challenges that could be set for
children to further deepen their understanding of a particular concept or to apply their knowledge in a more challenging
context.

This experience of frequent success built confidence even for pupils with additional needs — Child S had struggled to
engage with the initial TechCheck assessment, rushing through quickly without taking time to think about his response.
He achieved much more highly in the final assessment and was observed considering his answers carefully. The class
teacher explained that this pupil would often refuse to sit tests in other subjects and that this improved engagement reflected
his motivation throughout the lessons.

Observations also noted that there was occasionally a difference in how different groups of pupils tackled the small
exercises. Some exercises asked pupils to find multiple solutions to a particular task and while higher attaining pupils
tended to follow the task instruction, lower-attaining pupils were observed finding a single answer and then rushing onto
the next problem. This may require careful monitoring by the class teacher if finding multiple solutions is a key objective
of the lesson.



4.5 Use of written tasks

The class teacher noted that as the Computing with Emil lessons did not require a large amount of writing, this helped
cater for pupils in the class with special educational needs or who spoke English as an additional language. Sometimes,
however, even minimal written activities can pose an additional challenge for learners. For example, one pupil who was
observed demonstrating their understanding of sequencing in the microworld was unable to record their answer to the
problem accurately in the workbook. However, the class teacher believed that the level of literacy required by the
Computing with Emil scheme was lower than that of her usual computing scheme. She suggested it used less technical
terms and was less reliant on pupils needing to “infer lots of different skills”.

The Computing with Emil workbooks provide a rich source of evidence of pupils’ understanding and learning over the
sequence of lessons. They demonstrate how pupils used different methods to solve problems and, as the sequence of written
tasks become gradually more challenging, the workbooks allow pupils to demonstrate their knowledge and teachers to
identify pupil difficulties or misconceptions. The use of the workbook was an integral part of the Computing with Emil
method and pupils came to appreciate how this helped them learn. For example, in one observation a pupil who was finding
a problem in the microworld difficult, stopped using the computer and started to draw routes in their workbook, explaining
to the observer that this ‘helps me think’.

In the case of lower attaining pupils, written work in Computing could provide misleading information about pupil
understanding if deficiencies in literacy lead to the pupils reading instructions incorrectly or being unable to express
themselves accurately in writing. The workbook tasks include a variety of methods of gathering pupils’ responses that do
not require writing including drawing paths on screen-captured images and multiple-choice tick box responses. In addition,
even when writing is required, simple instructions and images can make it easier for pupils to demonstrate their
understanding even when their literacy levels are a barrier to their learning.

Which coin was last?
What was second?
What coin was collected second to last?

Which coins do you know of that are missing from Emil's shelf?

Figure 1: Workbook extract — Pupil N

Figure 1 is a single question from the Computing with Emil workbook. This was the first question in the workbook and
so the pupils’ first experience of the workbook question style. The task was set after pupils had completed the first set of
Computing with Emil activities on their computers. These activities introduced the Robot Emil system and gave the pupils
experienced of gathering ordered and unordered sets. In this question, the pupil had to interpret the image of Emil’s “shelf”
and use this to infer the order in which Emil had collected the coins.

Pupil N had scored 6 in the initial TechCheck assessment putting them in the lowest 25% of the class. However, as the
task above shows, Pupil N had understood that the order on the shelf matches the order in which the robot collected the



coins and could use this to identify the last and the second coins to be collected. As this was one of the objectives of the
first sequence of activities, Pupil N can be seen to have achieved this. But Figure 1 also shows that Pupil N took three
attempts to answer the first question — appearing to change only the spelling rather than their answer. In fact, the pupil’s
difficulties with literacy are clearly demonstrated in the question responses not only with the three (incorrect) spellings but
also in the unconventional “pe” for “pence” (usually represented “p”) and further misconceptions can be seen in the final
question where Pupil N seems to suggest that a ‘3p’ coin is missing — it is not there but no such coin exists.

The third question is also incorrect. When asked for the coin collected second to last, Pupil N has listed all the coins
collected from the second one to the last one. This might suggest that the term ‘second to last’ is unfamiliar to the child
rather than they unable to logically deduce which coin is collected immediately before the final one.

5 CONCLUSIONS

The relatively small amount of time devoted to learning computing over this study is typical of the amount of time that
a primary class in England might spend on a computing topic. Despite this, there is evidence that the pupils made progress
in their understanding of sequencing in computing and in their computational thinking. As the TechCheck assessment
questions were not in the style of the Computing with Emil activities, this might suggest some element of ‘near transfer’
of learning from one computational thinking context to another. Also, while the focus of these Computing with Emil
lessons were most closely related to the algorithms and debugging domains of the TechCheck assessment, there were
increases across all domains of Computational Thinking and this requires further investigation.

The study demonstrates that the Computing with Emil approach does allow teachers to support the full range of levels
of attainment in their class including those pupils with the lowest prior attainment. This may be due to several features of
the constructionist approach including the accessibility and appropriateness of the activities for pupils and for teachers; the
support provided through collaboration and paired activities; the opportunities for frequent success; and that written tasks
use multiple forms that minimise the need for higher-level literacy skills.

In particular, the activities demonstrated a ‘low floor’[12] that allowed all pupils to engage with computational concepts
and provided multiple ways for pupils to achieve and demonstrate their learning. It was particularly successful in providing
opportunities for thinking deeply as well as doing [13] and engaged pupils in ‘hard fun’ [19]. The large number of
graduated tasks and the fact that the software does not indicate whether a particular task has been completed successfully
served to slow down the pace of lessons allowing pupils to engage with ideas and concepts more deeply. Clearly designed
gradations of tasks also help to support teacher subject knowledge by scaffolding their understanding of progression and
difficulty in computing.

If teachers are going to ensure that all pupils, including those with lower prior attainment, are able to learn computing
effectively, then future curriculum and pedagogic approaches should be designed to achieve this. Further research is needed
to explore how these features of the Computing with Emil approach might be adapted in other approaches to teaching
computing but it seems likely that providing time and space for pupils (and teachers) to engage with computational concepts
and knowledge will be more effective that approaches that are more focused on introducing technical vocabulary and
introducing new concepts quickly without time for consolidation and practice.

In addition, teachers need to be aware that pupils’ literacy difficulties can lead to incorrect answers to computing tasks
and that they should not assume that these necessarily imply errors of logical thinking or reasoning. Using a range of
approaches to collecting written responses, such as drawing paths or multiple-choice responses, are less likely to be
influenced by pupils’ lower levels of literacy.
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