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Urban Data in the primary classroom: bringing data 
literacy to the UK curriculum 

As data becomes established as part of everyday life, the ability for the 

average citizen to have some level of data literacy is increasingly 

important.  This paper describes an approach to teaching data skills in 

schools using real life, complex, urban data sets collected as part of a smart 

city project. The approach is founded on the premise that young learners 

have the ability to work with complex data sets if they are supported in the 

right way and if the tasks are grounded in a real life context. Narrative 

principles are used to frame the task, to assist interpretation and tell stories 

from data and to structure queries of datasets. An inquiry-based 

methodology organises the activities.  This paper describes the initial trial 

in a UK primary school in which twelve students aged 9-10 years learnt 

about home energy consumption and the generation of solar energy from 

home solar PV, by interpreting existing visualisations of smart meter data 

and data obtained from aerial survey. Additional trials are scheduled with 

older learners which will evaluate learners on more challenging data 

handling tasks. The trials are informing the development of the Urban Data 

School, a web-based platform designed to support teaching data skills in 

schools in order to improve data literacy among school leavers. 
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Introduction 

The term data literacy is generally used to refer to a set of abilities relating to the use of data 

(Maycotte, 2014). These include the ability to identify sources of data, to ask questions of 

data, use appropriate tools for statistical analysis and visualisation of data, to use data as 

evidence to support an argument and to be able to understand and interpret the data that others 

use as evidence. It includes the ability to work with large, as well as small, data sets and to 

think critically about data, as it is encountered in every day life.  What distinguishes data 

literacy from statistical literacy is the embedding of data in a context through which the data 

is interpreted. The focus is on the task as a whole rather than the application of statistical 

methods (Vahey et al., 2006). 

Data literacy is becoming a big topic. The Employer Insights: skills survey (2015) found that 

27% of the biggest employers (> 250 employees) now use data analytics to support their 

work. But businesses also report that they cannot hire the data scientists they need to analyse 

their growing datasets and ensure their competitiveness (Bakhshi et al., 2014). The House of 

Lords Select Committee on Digital Skills released a report in February 2015 in which they 

suggest that digital skills, in particular data skills necessary to protect oneself online, are now 

‘necessary life skills’. They further argue the importance of ensuring that the majority of the 

population achieve an appropriate level of digital literacy to be full participants in the 

increasingly digital future. In a similar vein, the emerging topic of human-data interaction 

(HDI) investigates how the combination of personal data with other sources and lack of 

transparency in the applied algorithms affects individual’s ability to understand how their data 

is used, or misused. In addition to data owned and used by companies, open data initiatives 

are making data more freely available (Haddadi etal., 2015). A proposed use for open data is 

to drive bottom-up citizen-led smart city innovation, as well as provide additional resources 

for commercial enterprise (McAuley et al., 2014; Ojo et al., 2015), though it is hard to find 

evidence of this data being used outside organised hack events by participants with above-

average data skills. One particular issue is that much of the value of open data is created 

through identifying problems that it can solve. Whilst citizens are in a good position for 

identifying problems that impact on their own lives, open data itself offers little in the way of 

incentives for use, and it can also be hard to find relevant data (Jansen et al., 2012). Also, 

citizens are often relegated to the role of passive contributors who frame a problem whilst the 

action depends on others, such as government bodies (Cohn, 2008). As a consequence, there 

can be a lack of communication as to how citizen concerns have been addressed, leading to a 

disengagement of citizens with this process (Bertot et al., 2010).  

This leads to more general questions as to how education might support participatory design 

approaches, such as co-creation in smart cities (Sanders and Stappers, 2008; Nam and Pardo, 

2011). One model for engaging citizens in a design process is that of maker spaces in which 

citizens actively learn and work together to collaboratively design solutions. In understanding 

‘maker’ practice as an activity that can democratise technological innovation, Tanenbaum et 

al. (2013) identify how maker culture has led to an increase of technological literacies. These 

are supported through after school clubs in robots, electronics and programming basics. 

Maker culture is of interest to smart city innovation as it offers a possible space through 

which technology and data can come together within a single DIY toolkit. This can be realised 

only if the citizens have the means to learn, as needed, how to use data as part of their 

innovation process. 
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Taken as a whole, the need to truly empower both individuals and communities to design 

from and with data to solve their own local problems and realise the potential of bottom-up 

innovation, points to a need to raise the level of data literacy within society (Bhargava et al., 

2015). We propose also that in addition to the resources appearing in schools for teaching 

robotics and programming, so too should real complex urban data sets be taken into school to 

be used for teaching data literacy and to gain practical experience of designing with data.  

In this paper we describe an approach to improving data literacy in young learners by 

supporting them in hands on activities with complex, urban, data sets. We identify some of the 

barriers to teaching data literacy using these types of data sets in the classroom and some 

approaches to overcome these problems. We describe our initial trial in which primary school 

children interpreted data visualisation related to energy consumption and generation through 

solar PV. We describe the next phase of trials in which secondary students will undertake 

more complex data analysis of the same data sets. We propose that it is important to give 

learners the opportunities to gain practical experience of working with large data sets from a 

young age. We suggest that these types of tasks should be integrated into the standard 

curriculum in order to raise standards of data literacy amongst school-leavers, to give them 

more options within the future job market and to become more participating citizens in smart 

city innovation. 

The work described in this paper has been conducted as part of the MK:Smart project . 1

MK:Smart is developing smart technologies for the City of Milton Keynes (MK), UK, in 

three key areas: energy, water and transport. Central to MK:Smart is a data hub which is 

aggregating both specific project-related data sets and other open data sets. The data hub is 

then available as a resource for citizens to develop innovation projects, using data as 

evidence, and as an educational resource for use by schools. To this end we are developing the 

Urban Data School (UDS), a web-based teaching and learning platform through which 

teachers can access and contribute data and resources for teaching data skills in schools. This 

platform will facilitate the scaling up of our approach.  

Related Work 

This section describes learning approaches that have informed the development of our 

methodology for using urban data sets as a resource for teaching data skills in schools.   

Data analysis as inquiry process 

Inquiry-based learning is a constructivist approach in which the learner is supported to take an 

active role in designing and running their own experiments (Dewey, 1933). An inquiry-based 

task generally follows a cycle of asking questions, investigating through data collection, 

analysing/organising the data, discussing and answering questions and reflection (Figure 1). 

In a scientific inquiry, data is collected as evidence to test a hypothesis. A historical inquiry 

uses primary (first hand accounts) and secondary sources of evidence to create historical 

narratives.  

  http://www.mksmart.org/ 1
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Figure 1. A typical inquiry cycle 

PPDAC applies an inquiry-based approach to statistical analysis from data (Wild and 

Pfannkuch, 1999). PPDAC stands for Problem, Plan, Data collection, Analysis and 

Conclusion (Figure 2). This approach is taught in schools in New Zealand, where statistics is 

emphasised as a subject in it’s own right and is taught alongside (not as part of) mathematics. 

By contrast, in the UK, statistics is mainly taught in an abstract way as part of the maths 

curriculum. Whilst PPDAC is designed to start with a problem specification that leads to 

some data collection, it is possible to find examples of lesson plans that propose to start with 

an existing dataset and work backwards to understand what problems could be answered with 

the data, for example to look at noise mapping from UK noise data . Posing questions from 2

data is a key part of the PPDAC data inquiry cycle (Arnold, 2007). This approach emphasises 

the importance of context within statistical inquiry, for generating good questions to ask from 

the data and for interpreting the results of statistical analysis (Allmond and Makar, 2010). 

 

Figure 2. The PPDAC cycle 

  http://www.spatialanalysisonline.com/noise.pdf2
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A number of toolkits or task frameworks have been developed to support a data inquiry 

approach. Data Toolkit  provides a framework, tutorials and tools aimed at arts organisations 3

who want to work with young people in developing data-driven arts projects. Completed 

projects are loaded back to the site following a standard template, to be used as inspiration/

case studies for future projects. School of Data  follows a similar approach to the Data 4

Toolkit, but gives a stronger narrative by framing the task as a 'data expedition' and outlines 

how a 'data guide’ can structure the inquiry as a collaborative effort, assigning different roles 

such as ‘story-teller’ or ‘scout’. Participants might choose a role that will develop their skills 

in a specific area of the data inquiry. The intended audience for the School of Data are 

journalists, or citizens who want to learn how to use data more effectively. For schoolchildren, 

the MAINE data literacy project defines a data literacy framework for teachers and students to 

use real, but simplified, data sets in the classroom. The focus is on developing students’ skills 

in visualising variability in a data set using frequency plots and in describing variability in 

data. Similarly, the Kids' Survey Network provides a set of games and videos designed to 

teach children about conducting survey research by prompting students to design and conduct 

questionnaires to answer their own questions or address issues of concern in their 

communities. In Citydigits students engaged with data to answer questions about their own 

neighbourhood. In one of the tasks, Local Lotto, students analysed a selection of both survey 

data and financial data to form opinions as to whether the lottery was good or bad. Students 

were encouraged to tell stories about their findings, using their interpretation of the results of 

data analysis to back up findings. 

Narrative principles 

Whilst early research into data visualisation focused on developing and evaluating novel 

methods for creating visualisations and infographics for different data types, more recent 

research has been looking at how data visualisation can support storytelling as a way to 

communicate more naturally with and about data (Segel and Heer, 2010; Kosara and 

Mackinlay, 2013). Stories are a natural means through which people make sense of the world  

(Schank, 1990). Narrative has been shown to be particularly important to young learners in 

assisting recall (Wolff et al., 2007). Narrative provides coherence through the people and 

setting (time and place) of the story and the use of theme (Chatman, 1980; Tomashevsky, 

1965). Stories may be one way to provide additional context to data visualisations that can 

facilitate more ‘shared’ interpretation of what the presented information is intended to show. 

As Porway (2016) identifies, data visualisations on their own can be misleading and can be 

open to multiple interpretations, which may limit the extent to which they prompt questions 

and encourage people to engage with and explore the data for themselves. However, this leads 

to the further question as to what is meant by a data story.  Lee et al. (2015) propose three 

stages to storytelling with data, these are exploring data, constructing a story and finally 

telling the story.  

An approach to using Urban Data in the classroom 

The following sections describe how we apply narrative principles and adopt an approach 

based on the PPDAC inquiry cycle to support learners working with urban data sets.  

  http://datatoolkit.org.uk 3

  http://schoolofdata.org4
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Urban Data 

The MK:Smart project is aggregating a large amount of urban data. We define urban data as 

data that informs about environmental, social and economic aspects of urban life. It is 

typically generated by the activities of people living in a city. The data relates to a variety of 

topics, such as air and water pollution, energy and water consumption, crime, public and 

private transport, or car parking. Some of the data is available in the form of live data streams 

that are real-time indicators of the state of the city system (such as traffic flow). Such data 

streams can generate large data volumes that show variations across days, seasons and years, 

and – more often than not - are affected by data quality issues. They can cover a large 

geographic area and/or time-span. Urban data may be collected through sensors, smart meters, 

satellite imagery or mobile phones, or derived from surveys and questionnaires.  

Initial design and theoretical approach 

Schools have typically focused on teaching data skills from smaller, often personally 

collected, data (Kastens and Turrin, 2011). Since larger, more complex data (such as urban 

data) has not typically been available as a teaching resource, there is not yet a clear research 

base to assess the best approach to using this data as part of classroom teaching. Larger data 

sets can present unique challenges in terms of selecting, cleaning, critiquing, interpreting, 

visualising, storage and processing compared to smaller, less complex datasets. It is not clear 

whether skills learnt against smaller, personal, data sets in terms of selecting, cleaning, 

interpreting, analysing and communicating around data can be easily extended to apply to 

more complex urban data.  

To develop our approach for teaching data skills with urban data we have drawn upon existing 

learning methodologies to inform an initial design phase. When designing tasks with urban 

data we use narrative principles to:  

• provide a strong narrative to frame the task context.

• support  data  interpretation  to  tell  stories  about  and  across  one  or  more  data 

visualisations. 

• provide assistance for the structuring of queries to large data sets by thinking about 

setting, theme and actors.

The above can provide support to the different stages of data storytelling identified by Lee et 

al.  (2015), namely exploring data, and constructing and telling a story from it. 

To support this, we provide students real-life data sets to work from, and create activities 

within which they undertake genuine research as a way of providing context, rather than 

learning data analysis as a set of abstract techniques in a ‘dummy’ task context.  

We structure tasks as an inquiry process similar to PPDAC, but with some modifications to 

take into account specific issues related to using existing large data sets rather than small, 

personally collected data.  In our case, the starting point for the inquiry is the interpretation of 

an existing visualisation. This acts as a seed for defining a new problem (figure 3). We use the 

idea of ‘telling stories’ from the data to help interpretation, i.e. by encouraging learners to 

identify the setting (when and where) of the data, the main theme of the visualisation, which 

might be a changing variable and the actors, which are responsible for affecting the variable 
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through their actions. The actor may or may not be a person, depending on the dataset. 

Younger students are prompted to think about concepts such as time and place of data through 

prompts given by educators during group work and dialogues. These prompts are not pre-

determined, instead the teacher guidance notes propose the use these sorts of ideas to guide 

the discussion as needed. For older children, who are learning more independently, the 

prompts are more explicit. An example of a written prompt accompanying a graph showing 

energy consumption varying over a 24 hour period is to “write a story hypothesising what 

activities were occurring on that day and explain the pattern in energy consumption. Identify 

the time, place and actors in your story. The actors are influencing the level of energy 

consumption. Hint: when thinking about the actors, think of both the different types of 

appliances that were being measured and the behaviour of people in the house.”. This prompt 

has been used in lesson materials given to secondary school pupils. 

 

Figure 3. Modified PPDAC cycle, starting with the conclusions and using existing data. 

This approach is designed to overcome what we foresee as a ‘cold start’ problem, where 

learners could find it difficult to define questions that can be answered from a large data set 

without first forming some view of the data by interpreting existing visualisations. This view 

is supported by the teachers who assisted in development of the approach (see section 3.3.1). 

Learners then continue to formulate questions around this same data set. In this case, the 

questions are used to structure queries that will retrieve some part of the large data set that 

may then be used as evidence in answering the inquiry question.  

One possible problem with urban data in the classroom is that students might find it hard to 

understand how the data was collected, which can make it harder to interpret (Krumhansl et 

al., 2013). We hypothesise that learning from a large, abstract data set might be supported 

through a personal data collection task that is related to the original data inquiry. Essentially, 

students complete one or more cycles of an inquiry based around an existing large data set, 

then undertake a second phase where they conduct an alternative but related inquiry from 

their personally collected data. This is more like the traditional PPDAC scenario as shown in 

Figure 2. The purpose is to consolidate the learning of data skills and also to provide 

additional narrative and context for understanding the larger, more abstract, data set. In this 

paper we will later describe how such a task might be integrated into tasks that primarily 

focus on more abstract data – in this case smart meter data and data obtained aerially showing 

the potential of houses for fitting solar panels. However, this hypothesis will not be explicitly 

tested. Similarly, the paper will explain how narrative principles are used to prompt 

storytelling but the outputs at this stage are not formally evaluated, since the focus in initial 
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stages is to understand how the overall approach fits into a classroom session with this age 

group and to elicit very detailed feedback and insights from the teacher based on their 

expertise in engaging students with more traditional forms of data in the classroom. The aims 

of the trial are stated more fully in the section on the Classroom Trial.  

Developing lesson resources 

Teacher engagement 

We adopt a participatory design approach in which both teachers and students inform the 

development of methods and materials for teaching data literacy in schools using urban data. 

Currently we have engaged with teachers and students from 3 secondary and 1 primary school 

in Milton Keynes, with a focus on supporting learners aged between 8-18 years.  Engagement 

has occurred through a series of detailed face-to-face meetings and an iteration of materials 

and ideas. Teachers were recruited through project partners of MK:Smart and through 

previous projects at the Open University.  

Selection of data  

The data sets that we are using have been collected as part of MK:Smart project activities. 

Appropriate data for schools has been identified through the following process. All data sets 

were initially categorised by theme. Next, priority was given to data that had already been 

used within some well-defined smart city research projects, as there was already a clear set of 

questions that could be answered from this data and which could form the basis of 

constructing lesson materials. Finally, two data sets were chosen which were both related to 

the topic of energy. One data set is time-stamped smart meter energy data, detailing home 

energy consumption of both the whole house and individual appliances and also solar PV 

generation for approximately 70 houses in Milton Keynes over a 2 year period. This data set 

has previously been used to explore the gap between home solar generation and energy use 

and the potential for demand shifting to optimise use of locally produced energy (Bourgeois et 

al., 2014). A second dataset contains data obtained from aerial survey that can be used to 

estimate the solar energy yield from existing or potential solar panels on the roofs of houses in 

Milton Keynes, using a pixel-based analysis to identify pitch, orientation and surface area. 

The examples we will use in this paper are based on real data, but for the purposes of 

publication have been completely anonymised.  

Creating lesson plans  

A set of activities have been devised from the data sets for use in classrooms. The first activity 

uses the smart meter data set to pose questions around how and when energy is consumed in 

an average household and when solar panels on a roof are producing energy. The second 

activity uses the aerial collected data to pose questions related to whether or not properties are 

suitable for having solar panels. These activities are being tailored to different age-groups and 

teacher preferences and adapted according to feedback from trials. The overall session format 

consists of 1) Introduction to the topic 2) One or more data inquiries following the 

methodology described above 3) Conclusions. The following section describes the process 

through which these activities were used in a primary school classroom.  

!64



The Journal of Community Informatics   ISSN: 1721-4441

Classroom Trial  

The main aim of the trial was to elicit initial feedback on the materials and to gain an 

understanding of how teachers would use the resources in a real classroom setting. To allow 

the teacher full flexibility in choosing how to use the content, it was decided that evaluation 

should be through a mixture of classroom observation followed by more structured feedback 

by teachers and students at the end of the session. The focus of the evaluation would be 

related to a) how well students were able to interpret visualisations of complex data sets b) 

how easily the materials could be incorporated into regular classroom teaching c) the students 

engagement with and learning about the chosen topic ‘energy’.  The findings would also 

provide insight that would be used to develop the approach further for use in future classroom 

sessions. 

The classroom trial was conducted over two normal class sessions in two consecutive weeks, 

with twelve Year 5 students (aged 10-11). These students were in a maths group and were 

described by the teacher as being more used to being challenged with novel materials and 

approaches.  

The format and teaching materials were developed through close collaboration between the 

researcher and the teacher in the weeks leading up to the sessions being conducted. These 

consisted of a series of face-to-face meetings and detailed discussion of all materials that were 

to be used in the classroom, in addition to some email exchanges. Based on teacher feedback 

it was decided that primary students would primarily focus on the interpretation of existing 

data and visualisations, rather than conducting their own data analysis from scratch. In terms 

of PPDAC, this meant that when they reached the data retrieval step, this would involve the 

retrieval of ‘canned’ visualisations or tables. However, students would still be required to 

clean and find patterns in the data to answer questions. 

The classroom sessions were led jointly by the researcher and the teacher, with one further 

researcher joining in the role of formal observer. The observation strategy was discussed prior 

to the session. The role of the observer was to record student responses to questions during the 

‘whole class’, noting observations on students understanding of the questions and whether 

questions answered were prompted or unprompted. At some points, students worked in three 

smaller groups. In this case, each researcher acted as observer for one group following the 

same observation protocols. The teacher was tasked with supporting and observing the third 

group. To ensure that the students obtained maximum benefit from their sessions, the 

observers in the group work were also able to offer help and prompts as needed. This was 

particularly important given that these were young primary students. Given the close 

collaboration between researchers and teachers in the time leading up to the classroom 

session, the teacher had a very good understanding of the materials and it was therefore 

possible to discuss the types of prompts that could be given that would align well with the 

teaching approach, such as encouraging students to think of their own questions and 

supporting students in telling stories by thinking about settings and themes. The exact nature 

of feedback was not formalised, to allow whoever was supporting a group to use their 

judgement in helping the students as much as possible to complete the task.  
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Session 1 

Establishing the context: introduction to energy 

To introduce the topic of energy students were taken through a set of prepared slides. This 

was an interactive session, intended to elicit feedback from students about their knowledge of 

things related to how energy is produced, consumed and measured. Students were asked to 

name things that consumed electricity. Students worked firstly in pairs (6 groups of 2) and 

wrote their ideas down on a small whiteboard. Some of these whiteboards were photographed 

(figure 4). 

Figure 4. Naming items that consume energy 

Some of these ideas were then put forward to the group and discussed. Students identified a 

wide range of items that consumed electricity both inside and outside the home. Examples 

included ‘toaster’, ‘robot’ and ‘traffic lights’. The full list of items either written down or 

mentioned can be seen in table 1. Whilst there were a couple of odd responses (e.g. solar 

panels and satellites) overall students demonstrated a very good understanding of electricity 

consumption.  

Table 1. A list of items identified by the class that consume energy 

• Light bulb • Mobile phones

• Kettle • Tablet

• Microwave • Ipad

• Oven • Video games 

• Dishwasher • Wii

• Toaster • Camera

• Fridge • Solar panels

• Freezer • Electronic devices

• Washing machine • Satellites

• Iron • Robots 

• Electric vehicles • Hoover (Vacuum cleaner)

• Traffic lights • Car
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Next, students were asked to name some things that generate electricity and to discuss 

whether they were green or not. Students answered by putting their hands up. The first answer 

was ‘solar panels’ and the second answer was ‘pylons’. It was explained by the teacher that 

pylons are used to transport energy. After being asked again, one of the students mentioned 

that burning coal produces energy. Prompted towards the problems of burning coal one 

student identified that coal was a resource that could run out leading to problems in the future. 

The researcher discussed briefly about the impact on the environment from burning fossil 

fuels. Next they were asked ‘how can we generate electricity in a more green way?’ The first 

answer was that we can use ‘the sun, because it is so hot’. After being asked again they 

mentioned ‘wind turbines’ and ‘water’ as ways of generating electricity. Overall, it was 

established that students had a good understanding of the relevance of green energy, but 

needed some prompting to draw out their knowledge.  

Next there was a brief introduction led by the researcher about measuring electricity 

consumption through a smart meter.  

Group work 

Students worked in three groups of four students on different tasks related to energy 

consumption. The tasks were designed so that students would apply similar data skills within 

each group but would learn about a different aspect of home energy consumption or 

generation that they could then share amongst each other, to become teachers as well as 

learners of new knowledge. It was explained to the students that each group would be given a 

set of graphs and a question to answer. They should first look at just one graph to understand 

what it showed and to try and tell a story about it, then they should look at all the materials 

and try to answer the questions as a group. Each group would have a chance to present their 

findings back to everyone at the end of the session. The following sections describe the 

activities of each group in detail and how successful they were in answering their questions. 

Group 1 

Group 1 were asked to look at home energy consumption on a daily basis. The question they 

had to answer was: 

When is  a) most energy consumed b) least energy consumed in an average household. 

They were provided with graphs of daily consumption for 2 different houses, identified to 

them as house 4 and house 29. The first graph that they looked at is shown in figure 5.  

• Computer • Radio

• Laptop • Pylon (electricity mast)
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Figure 5. Whole house energy consumption in 1 day  

The observations of this group work are as follows: 

From the first graph (figure 5) students quickly identified that the graph was showing one day, 

from morning to evening and that the Y-axis represented electricity use. Students in this group 

offered, without having to be prompted, the view that the evening spike might be caused by 

‘people coming home from school at 7 or people working’. This demonstrates a good 

understanding of the time and place of the story, without any need for explicit prompting from 

the observer. Students were then prompted to explain what might be causing some electricity 

to still be consumed during the night. This encouraged students to consider the different times 

of day in which the data was being generated. From this prompt, students proposed that it 

could be people staying up in the night watching television. It was noted that students then 

needed an additional prompt to start thinking about different sorts of ‘actors’ in this scenario, 

specifically to consider ‘what appliances are in the home that don’t get turned off’. Following 

this prompt, one student suggested that fridges would be left on overnight and would use 

electricity. This suggests that students may need a little help to overcome the idea that actors 

are always people.  

Students were occasionally writing onto their whiteboard as they worked. Figure 6 shows one 

student who had drawn (and is seen rubbing out) the graph pattern and writing their theory 

about the pattern. This group demonstrated a good ability to provide narrative explanations of 

the data, with reference to setting, theme and different actors, linking changes in the graph to 

the story. 
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Figure 6. Interpreting graphs of energy consumption 

Students were prompted to look at further houses to see if the same pattern was happening. 

Students were given access to 8 days of consumption from House 4 and 8 days from House 

29. Students noticed that the pattern was normally the same but when looking at one that was 

different one student offered ‘House 29 is different. It could be Saturday. There are 8 days 

here.’; the implication being that because there were eight days then at least one of the days 

could be a weekend. Again, this shows a very good awareness of the narrative setting of the 

presented data and an ability to relate patterns in the data to events in the real world. 

Group 1 wrote down their ideas about how to answer the questions onto their whiteboards for 

presenting back to the group. These are shown in figure 7. 

!

!  

Figure 7. Creating theories of energy consumption 
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Group 1 presented their findings back to everyone. One of their graphs was shown on the 

projector. Students explained in this presentation that more electricity might be used overnight 

because people were ‘charging overnight’. They proposed that ‘not so much [electricity] is 

used in the morning or night because people are asleep and it is light in the day’. The teacher 

prompted the rest of the class to think about what the graph showed. Students suggested that 

the electricity used at night might be because of a fridge being on or because people were 

scared of the dark and left the light on.  

Overall, group one were observed to have a very good understanding of the graphs, were able 

to interpret them correctly with little prompting, form ideas about what was causing different 

electricity consumption at different times of day, again without prompting. However, they 

needed prompting to start looking at patterns across multiple graphs. The main suggestion of 

the researcher from observing group 1 is to only show graphs of consumption from one house, 

rather than two. It is further proposed that interpreting one graph to begin with was a 

successful approach and that in keeping with this approach it would be sensible to prompt 

incrementally adding more graphs to build up understanding. For example, to interpret and 

tell a story about one graph, that clearly identifies when and where the energy is being 

consumed (the narrative setting) and positing theories as to who or what is using it (the actors 

in the story). This could be followed by a presentation of a series of weekday graphs for the 

learner to discover a pattern of typical weekday energy consumption. When this pattern is 

established a graph of ‘weekend’ activity can be shown. 

Group 2 

Students were given graphs of energy use by both a washing machine and a fridge, over a 

short timescale (hourly) and over a longer timescale (daily – over 3 months). Group 2 were 

asked the question: 

Do appliances use the same energy as each other? As themselves? Which appliance uses most 

energy overall?  

The observations of this group work are as follows. At the beginning of the activity the 

researcher noted that the students were looking to the graphs and questions but without 

making any comment. Then they started to look at the “hourly timescale” washing machine 

graph and the researcher prompted them towards what happens when you switch on the 

washing machine, particularly discussing if the level of noise is always the same while the 

machine is working. The researcher felt that they easily understood that it varies during 

washing machine use and that this variation is related to the level of energy consumed. After 

this they guessed what could have happened in each graph. The researcher felt they 

understood the fridge graph very well, correctly interpreting why sometimes it is possible to 

find some peaks in the energy consumption. They referred to the fridge in terms of using or 

not using it. They said that the peaks are caused ‘when you are using the fridge’ referring to 

when you are opening and closing it, but they were not particularly explicit. They also 

mentioned that the base level occurs for example at night ‘when you are not using it’. 

Students were observed to note that the washing machine and the fridge have different ‘base 

energy’ levels. They then moved to ‘daily timescale’ graphs, talking again about the base 

energy consumption level and explaining that the fridge is always used while the washing 

machine is not. Overall, the explanations given by students tended towards narrative 
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explanations, but in this case a little bit more prompting from the researcher was required to 

identify some of the narrative principles to start from, e.g. prompting about a particular 

‘event’ of turning a machine on.    

The researcher asked why there are some fridge and washing machine graphs that look so 

different to each other and the group correctly answered that is because of the difference of 

timescale, being hourly in the first graph and daily in the second. The only real difficulty that 

the researcher noted was when talking about total energy consumption, particularly in two 

aspects: The students understood what the Y-axis represented (energy consumption) but they 

did not check the values when comparing appliances and they assumed that all the graphs 

were in the same scale. The researcher had the impression that they didn’t completely 

understand that energy consumption corresponds to the area under the graphic. 

In presenting back to the group, the students proposed that fridges use the most energy 

overall. They requested that the graph of 3 months of fridge electricity consumption was 

shown to the class and contrasted against the washing machine use in the same period. They 

suggested that in the washing machine someone turns them on and off and the fridge is on all 

the time. 

Group 3 

Group 3 were given graphs showing the generation of solar energy in 5-day periods in both 

June and December, for three different houses. The first graph that the students interpreted is 

shown in figure 8. Group 3 were asked: 

What factors affect the amount of energy generated from solar PV? 

Figure 8. Graph showing generation of solar energy for 5 days in December. 

Group 3 were supported by the teacher, who had not been briefed on the observation 

protocols. For group 3 we have the verbatim presentation back to the class, as below: 
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‘We had three different houses and house 15 measured 5 days of generating electricity in June 

and 5 days in December. We found out that on house 15 it generates the most electricity than 

house 29 on the same days by just a couple of thousands.’ 

The teacher then prompted to ask what could explain this, the student replied: 

‘The solar panels near their house might be huge or they might have different ones but in 

House 29 they might have smaller ones and it might not be that good.’ 

The teacher prompted what might explain the difference between June and December, the 

student replied: 

‘In June because you got more hours of the day there’s more sun -  more chance of sun, and 

the solar panels need sun to create electricity and in winter its normally rainy and cloudy and 

snowy so not normally so much sun and not too many hours where the sun is shining.’ 

Closing 

To conclude the inquiries, students were shown a graph highlighting the gap between energy 

generation from solar PV and consumption (figure 9). Students were led by the teacher in a 

discussion related to how most households consume energy in the evening whereas solar 

energy is generated in the daytime. Students discussed the possibilities of storing energy. 

Students were asked about which buildings are the more suitable to install solar panels. They 

identified hotels, cinemas and schools. Finally the teacher asked how many solar panels their 

school has and they correctly identified that it doesn’t have any.  

Figure 9. The gap between energy consumption and generation from solar PV. 

Students were given homework to ‘Be a Smart Meter’ and make a note of their energy 

consumption habits between that session and the next. 

Session 2  

Introduction to the data 

This session started with a recap of the previous week where students offered up summaries 

of what they had learned. It was explained to students that this week instead of looking at 
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Smart meter data for individual homes they would look at data sets obtained from aerial 

survey.  

Group work 

Students were allocated to the same groups as the previous week. In this session, each group 

was working on the same tasks. The tasks involved interpreting aerial images of an estate in 

Milton Keynes with an overlaid data set that predicted the yield for producing solar energy in 

one year based on roof size, pitch and direction of roofs as calculated from the aerial 

photography. For each aerial map with overlaid yield data there was an accompanying raw 

data table that contained several other attributes, including cost of installing the panel, and the 

estimated financial cost benefits. 

In one map and table there was data for existing panels and in the next there was data for 

potential installations (Figure 10). Students were asked to use the data to discover the 

relationship between roof area and yield, to understand how other factors such as pitch and 

direction influenced the yield and then to consider the different types of information they 

could get from the two data sets (aerial image and data table). Next, students were given the 

data for their own school and were asked to consider whether it was cost effective for their 

school to have solar panels. As in the previous session, a teacher and researcher a visited the 

groups to help with any difficulties and to observe their progress.  

Observations made while students were undertaking the task indicated that students were able 

- in most cases without help - to make the relationship between the data in the table and the 

data on the map, using both sources interchangeably to answer questions. One student 

remarked that ‘I prefer map because I like looking at pictures’ whereas another offered ‘I 

liked the table it’s easier to see the data’.  

Figure 10. Potential solar panels on the estate 

When prompted to identify something that could be seen in the map that didn’t appear in the 

table, one student (wrongly) suggested the pitch of the roof. Another student then correctly 

identified that it was possible to see trees in the aerial image and the trees might get in the 

way of the solar panels. Students did not write down the answers to questions in this session 

but were asked to summarise their feedback, therefore there is no quantitative data relating to 

how well students answered the question for identifying the best and worst houses on the 
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estate for producing solar panels. However, the observations of the researcher was that 

students had correctly identified good and bad houses from the map, and further that students 

who preferred looking at the data in the table could easily find the highest and lowest figures 

for yield and understood that these were used to answer the question. 

After the first half of the session, students were asked to explain what they found out. Their 

responses were recorded verbatim and are given below: 

‘We found out that if the house roof are slanted then they have the most chance of 

getting the most electricity but if they’re flat they probably get a bit but not as much.’ 

‘If you had a 4 sided roof it would be harder to put solar panels on because sometimes 

the sun doesn’t come from that side so not all roofs are ok for putting panels on.’ 

‘It’s best if the solar panels are facing south because that’s the direction of the sun in 

the day.’ 

‘Even if you buy these really big expensive solar panels it might not make much of a 

difference it might be a waste of money.’ 

Students were then prompted to look at the data for their own school in the potential 

installations map. This required students to use additional columns in the table relating to the 

predicted cost of panels and estimated savings over 1 or 20 years.  Students required some 

prompting to start looking at this additional data, and also needed an explanation of what the 

new columns meant. This information had been given in the form of a key for all tables, so 

students needed to be reminded of this. Students had 15 minutes to look at this data and then 

were again asked to discuss whether the school should get solar panels or not. The verbatim 

responses were: 

‘I think we should but only in the classroom and foundation (*referring to specific 

buildings/roofs in the data) because the other ones are kind of useless because there 

are so many children in the school not at their house using electronics.’ 

‘I think we shouldn’t consider because it would be really a lot of money it would be 

over 10,000 just for one.’ 

‘We can get a lot of energy because the roof is bigger so we can fit a lot of solar 

panels on.’ 

‘Another good thing because the benefits of installing them would be good because 

we could produce more electricity in summer because days are longer.’ 

‘Even though it would cost a lot of money if we put several solar panels on our school 

it might be worth it because of the stuff we’re getting back.’ 

Overall, students demonstrated a very good understanding of the essential purpose of the 

dataset and were able to use the data to answer the questions. 

The students had also been given homework to ‘be a smart meter’ and had been keeping data 

diaries during the week between sessions where they recorded what appliances were being 
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used and how long for. Students were asked to note when they spotted something that was on, 

but not being used.  They were also asked to keep an ideas log of ways to save energy and 

water. Only 7 students returned their data diaries. Figure 11 shows a word cloud of the most 

recorded appliances.  

Figure 11. Word cloud of appliances that students recorded energy use for. 

In addition, according to the data, the top three appliances that were identified as being on but 

not used were: 

• TV

• lights

• computing devices (laptop, apple computer….)

Three students submitted ideas through their ideas log. Overall, these demonstrated a good 

awareness of what is needed to save water and energy. The most popular suggestions were: 

• turn lights and TV off when you leave the room 

• turn off tap when not being used 

• shower instead of bath

• re-use water

• turn chargers off when not in use

Post session feedback 

The teacher provided their own feedback after the session by answering a semi-structured 

questionnaire supplied by the researcher. The teacher was also asked to elicit feedback from 

the class in whichever manner they felt would get the most honest response, this was to avoid 

bias in responses given directly from students to the ‘unknown’ researcher.  11 of the 12 

students were available to give feedback. The following is a summary of this feedback. 

Students were asked what they found easy/hard. Responses can be seen in Table 2. 
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Table 2. Post session student feedback. 

In addition, seven students thought that the sessions were ‘well thought out and useful / well 

organized’. Five students said the sessions were ‘good, but I would have liked another 

session, so we could have gone a bit more slowly and/or learn a bit more’. Two students 

responded that some of the materials were hard to understand. 

When asked what key points they had taken away, five students responded that ‘solar panels 

are really good, especially if your roof gets lots of sun’ and one student replied that ‘some 

homes could generate a lot of energy but don’t’. Two students said they would ‘try not to 

waste so much energy’ and two more said that ‘saving energy would help a lot’. 

Students were asked ‘How has it changed your understanding of energy use?’ They replied: 

• People use lots more energy in the evening 

• I realise that the TV uses lots of energy and it could run out quickly 

• I realise that saving electricity is important 

• If you leave the TV on without watching it then it wastes energy 

When asked if the sessions had changed how students used energy, two responded ‘yes’, five 

responded ‘a bit’ and four said ‘no, it had not changed’.  When asked how their behavior had 

changed students replied: 

• I switch things off more now 

• I don’t charge my iPad for as long now 

• I turn off chargers and lights when my family leave them on 

• I didn’t realise how I was wasting energy, so now I switch things off more when I don’t 

need them 

• Sometimes I turn things off now when people aren’t using them 

• When my phone is charged I turn the socket off. 

The teacher feedback was based on their own knowledge and experience of the students who 

participated in the sessions. The teacher was asked ‘How much do you think the students 

enjoyed the sessions?’ on a scale of 1 (not at all) to 5 (very much). The teacher responded 

between 4 and 5. When asked ‘what do you think students found easiest?’ the teacher replied 

Easy Hard
No 

response

Coming up with ideas and suggestions about what things meant and 
showed

5 1 5

Understanding the graphs 6 3 2

The homework 3 3 5
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‘understanding the graphs and the differences they showed; making reasonable suggestions 

about what the graphs showed – or not’. When asked ‘what do you think students found 

hardest?’ the teacher responded ‘A couple found it all quite challenging, and a few found it 

hard that the graphs were so different from what they are used to seeing. I think putting all 

this in two lessons was hard for some.’ However, the teacher felt overall that the materials 

were pitched appropriately for the age-group, with the proviso that less able Year 5 students 

might need to work in groups with at least one more able student to help them along. The 

teacher suggested that one additional session would have been helpful to allow students to 

learn at a slower pace. The teacher expressed interest in having access to the raw data if it 

were available through the Urban Data School, but felt that they would probably still use 

paper copies of visualisations for analysis and only have digital representations when the 

whole class was looking at something. The teachers final comment was that the session was 

‘Interesting and useful, and I was pleased with the way the pupils coped with some 

challenging ideas and concepts, many of which are well beyond what they usually deal with.’ 

Teacher feedback 

In the work so far and through discussions with teachers we have received the following 

feedback: 

• Nearly all teachers mention that they are interested in using the Milton Keynes data as it 

has a local angle and provides more interest for students. 

• Teachers are very keen to use the data as much as possible ‘as is’, not to ‘dumb down’ the 

teaching.  

• Teachers think that using real data will help them to answer the common question of 

students ‘why do I need to know this?’ 

However, through these discussions we have also identified a number of potential barriers to 

using large data sets in the classroom. These include: 

• Lack of teacher confidence/expertise in using larger, more complex data sets. Teachers are 

keen to use the resources but prefer to have the researcher in the classroom as ‘back up’ 

rather than use resources unsupported. 

• Even with researcher assistance, teachers show a strong preference towards doing only 

data interpretation of existing visualisations rather than data analysis. Issues included the 

need to organise computer access in subjects where they typically weren’t used (e.g. in a 

science or geography lesson), the need to procure software, lack of expertise in using the 

software, general preference for paper-based rather than computer-based teaching. 

Discussion 

Twelve year 5 students were tasked with answering questions using visualisations of complex 

data sets as evidence. These students demonstrated that they were capable of achieving the 

tasks presented to them, with some level of help that would be normally expected in a 

classroom. Completing the tasks contributed to a developing understanding of the chosen 

domain of energy and prompted students in many cases to reflect on their own behaviour. 
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Previous studies looking into behaviour change for energy consumption have focused on 

providing insight directly into the home, such as making outputs of smart meter displays more 

salient and therefore making it easier for households to monitor their consumption 

(Hargreaves et al, 2010). Whilst this can be effective, not all homes have smart meters, and it 

tends to be the parents that look at and monitor energy use and use this knowledge to try to 

influence behaviour of younger household members. One exception to this is in homes with 

teenagers, who are more likely than younger children to pay attention to energy consumption. 

These homes have been shown to have greatest energy savings compared to other types of 

household when presented with displays for monitoring energy use (Gronhoj and Thogersen, 

2011). Within our study we find a possible alternative for engaging younger household 

members to reflect on their energy use, through classroom activities with genuine smart meter 

data that shows patterns of activity the students can then relate to their own lives and home 

energy consumption. Research shows that children have some amount of influence over their 

parents’ household habits, although this varies depending on individual family circumstances 

and attitudes towards environmental concerns (Fell and Chiu, 2014).  

Starting the PPDAC inquiry cycle from the conclusions did not appear to be a disadvantage. 

Whilst students did later collect and interpret their own data, in initial activities the students 

looked only at the more abstract smart meter data. From this, students demonstrated that they 

were able to make valid interpretations and tell nice stories from the relatively sparse 

information given in the visualisations themselves, despite not having gone through the earlier 

stages of planning, data collection and data analysis. This could be attributed to the use of a 

strong narrative theme of ‘home energy consumption and generation’ which they could use to 

provide context to the task and which related all of the different data sets used. Students 

demonstrated that they were able to tell stories about the data and to think in terms of the time 

and physical location of the data, e.g. talking about activities that take place in a home at 

certain times of day.  

The overall approach has been designed so that students must demonstrate some pre-defined 

set of domain-independent data skills as they complete a task in a specific domain. The study 

described in this paper focused on only a very small aspect of data literacy - that of 

interpreting visualisations of complex data sets - in the context of a task focused on increasing 

energy literacy. It should be noted that the data and visualisations used were not modified and 

as the teacher identified, these are not the types of materials or concepts the students normally 

use. Therefore, the outcome of the trial might be taken as an encouraging indication of the 

capabilities of students of this age with respect to this specific data skill. Whilst it should be 

noted that these students were considered the more capable within their year group, which 

could have implications for the generalizability of these results with respect to primary 

students, the teacher was confident that the same task would work in the same year group 

using mixed-ability groups.  

In order to extend the approach with respect to increasing data literacy, it will be necessary to 

support the learning of additional data skills, particularly those that are problematic when 

working with larger datasets. These include formulating queries for data selection, cleaning 

and visualising large data. In this regard, it might be expected that if primary student are 

capable of interpreting the data then older secondary school students, with similar support, 

would be able to go one step further in conducting their own queries and creating 

visualisations.  
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Future Work 

The next step will be to evaluate the same materials in a classroom session with secondary 

students. In this case, students will be given the identical task of storytelling from a single 

visualisation. However, these students will then be tasked with using this story as a basis for 

posing further questions. For example, a student interpreting a graph of home energy 

consumption might ask questions about whether the pattern of consumption they observe in a 

single day is repeated in that same household on different days, or they might want to 

investigate the pattern across multiple households. Students will then use this to guide the 

formulation of a query to the dataset, which they will then visualise. Students will interpret 

across the set of visualisations they produce to answer a question. The focus in this trial will 

be on assessing the types of questions that students ask and whether they are good questions 

that are testable with the data, or not. A supplementary focus would be what are the technical 

or conceptual difficulties students encounter when conducting their own data analysis and 

how could this be better supported through technology? Students in this trial will be tasked 

with demonstrating additional data skills with the complex datasets, namely selecting, 

cleaning and visualising the data themselves, and accessing much larger portions of the 

dataset than the younger students. We will also aim to more formally validate some of our 

assumptions with regard to the use of narrative principles for framing queries and the use of 

PPDAC to support inquiry, specifically the idea of starting at the conclusions stage for 

existing data sets, then prompting students to conduct their own data analysis to contextualise 

and consolidate the learning. To this end we will identify a set of formal criteria for assessing 

data literacy skills, such as ability to ask good questions from data, or ability to critique data, 

ability to write stories about data to contextualise it in terms of the real-world. This will draw 

on a more formal definition of data literacy that has been developed concurrently with this 

work. 

We will evaluate the approach across a number of classrooms and elicit feedback directly 

from participating students, which will inform the future design of the Urban Data School. We 

will expand the resources of the UDS to include activities focused on more general data 

analysis techniques, such as cleaning data, identifying outliers, critiquing data, combining 

data sets, or understanding issues of privacy. We will investigate the possibility to scale up the 

approach to teach data literacy in different contexts and, more crucially, to different parts of 

the UK. 

Finally, we hope to investigate whether the same approach and materials can be adapted to 

support communities of adult informal learners to develop data literacy skills, for example as 

part of ad-hoc skills development towards ‘making’ with data for smart city bottom-up 

innovation.  

Conclusions 

An approach to teaching data skills in schools has been developed based on principles of 

narrative and inquiry-based learning. The data is presented in the context of a smart city topic, 

to support learners to make connections between the data and a real life environment and to 

provide an opportunity for learners to gain experience in using real, complex, large data sets. 

A set of materials has been developed for teaching data skills in the context of a topic about 

home energy consumption and generation from solar PV. These have been delivered as a 
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concrete lesson plan in a primary school to twelve students aged 9-10 years. Students were 

observed as they undertook the tasks, to be able to make accurate interpretations of 

visualisations of real-life data sets and to tell good stories about what they showed. This 

suggests that taking an inquiry-led, narrative-based approach is suitable for teaching primary 

aged students some data skills, specifically those related to data interpretation. We propose to 

replicate this with older students who will undertake more complex data analysis, with much 

larger portions of the data set, and demonstrate additional data skills such as selecting, 

cleaning and visualising data. The trials are informing the development of a web-based 

platform called the Urban Data School which will provide teachers with access to large data 

sets and the lesson plans, tutorials and other resources required to use them in the classroom. 

We suggest that if, as we have demonstrated, young learners are capable of working with 

more complex data sets than they are currently encouraged to engage with, this provides 

evidence for the argument to create a provision within the UK curriculum for this topic so that 

future generations will leave school with better levels of data literacy. This in turn can impact 

on the readiness of future generations to engage with effecting social change through data. In 

the interim, there is the possibility that a similar approach could support adult learners to 

improve their familiarity and ability to work with data in identifying and developing solutions 

to solve their own, local, problems. 
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