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ABSTRACT As data becomes an important part of everyday life, the ability for 
the average citizen to have some level of data literacy is increasingly important. 
With the rise of smart cities, citizens need to be able to understand and process 
the vast amounts of data being generated about them, their community and the 
city they live within. This paper describes an approach to teaching data skills in 
secondary schools using real life, complex, data sets collected as part of a smart 
city project. An inquiry-based methodology is applied to frame the activities. 
This paper describes the initial trial in a UK secondary school in which seven-
teen students aged 13-14 learnt about home energy consumption and the gen-
eration of solar energy from home solar PV, using smart meter data and satellite 
collected data that are currently part of smart city research. We discuss the ap-
propriateness of our approach and what it means for developing web-based plat-
forms designed to support teaching data skills in school. 
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1 Introduction 

The term data literacy generally refers to the ability to consume for knowledge, pro-
duce coherently and think critically about data [2]. A large number of skills are in-
volved in data literacy, including identifying sources of data, asking coherent ques-
tions of the data, analysing and interpreting data and using data as evidence to support 
an argument. What distinguishes data literacy from statistical literacy is the embed-
ding of data in a context through which the data is interpreted, and the use of data to 
solve real problems [5]. 

Data literacy is becoming increasingly important as a necessary life skill as in-
creasingly large datasets become commonplace. Data skills learnt against smaller, 
more traditionally sized datasets – such as those currently taught in United Kingdom 
(UK) secondary schools - cannot be easily extended and applied to larger, more ab-
stract data. In fact a whole new set of technologies and techniques must be learned 
[4]. A further problem in the UK is that data analysis forms part of teaching across 
many subjects within the national curriculum, but does not exist as a subject in its 
own right. 

In this paper we demonstrate a teaching approach to raise levels of data literacy in 
young learners by describing work in which real-life complex data sets were success-
fully used in a secondary school classroom as a teaching resource, to teach data litera-
cy in the context of a task looking at energy consumption. We identify some of the 



barriers to teaching data literacy using complex data sets in the classroom and some 
approaches to overcome these problems. Our experience suggests that with the correct 
support, these complex skills are accessible to secondary school students. 

2 An Approach to Teaching Data Literacy in the Classroom 

As large, complex, 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 them as a 
teaching resource in schools. We have had to draw upon existing learning methodolo-
gies to inform the initial design phase. Inquiry-based learning is a constructivist ap-
proach in which the learner is supported to take an active role in designing and run-
ning their own experiments [1]. An inquiry-based task generally follows a cycle of 
asking questions, hypothesis generation and experimentation, analysis of evidence, 
question answering and reflection. We have proposed a modification to a PPDAC 
cycle used for teaching statistical data analysis in New Zealand. This follows a cycle 
of Problem, Plan, Data collection, Analysis and Conclusion, normally starting at the 
Problem specification [6]. We suggest that when using the cycle with abstract, non 
personally collected data, the starting point should be the analysis of a carefully cho-
sen snap-shot of the dataset, leading to further questions and more in depth analysis 
across the whole set. Preliminary analysis of this approach has taken place in a prima-
ry school [7]. 

2.1 The Data 

The data sets that we are using have been collected as part of the MK:Smart smart 
city project. Two data sets were chosen which were both related to the topic of ener-
gy. One data set is focused on smart meter energy data detailing home energy con-
sumption of both the whole house and individual appliances across a period of time. 
This data set also includes solar PV generation data from the same homes in Milton 
Keynes. A second dataset contains satellite collected data that can be used to estimate 
the solar energy yield from existing or potential solar panels on the roofs of houses in 
Milton Keynes and which contains information relating to the cost of installation and 
expected return over different time periods. The examples we will use in this paper 
are based on real data, but for the purposes of publication have been completely 
anonymised. Both data sets are from external city-level infrastructure systems which, 
in the future, could be used in the classroom in real-time. 

2.2 Teaching Approach 

Our approach takes the interpretation of an existing visualisation as the first activi-
ty and for this to act as a seed for defining a new problem. We then use the idea of 
‘telling stories’ from the data to help interpretation by encouraging learners to identify 
the setting (when and where) of the data, the main theme of the visualisation and the 
actors (who may or may not be a person, depending on the dataset). Learners then 



continue to formulate questions around this same data set. These 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 questions the students have developed. 

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 have assisted in developing 
the approach.  

One possible problem is that students might find it hard to understand how the data 
was collected, which can make it harder to interpret [3]. We make a further sugges-
tion that learning might be supported through a personal data collection task that is 
related to the original data inquiry. Essentially, students first work with an existing 
large data set, then undertake a second phase where they conduct an alternative but 
related inquiry from their personally collected data. The purpose is to consolidate the 
learning of data skills and also to provide additional narrative and context for under-
standing the larger, more abstract, data.  

2.3 The activities 

A set of activities have been devised from the selected 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 satellite collected data to pose 
questions related to whether or not properties are suitable for having solar panels or 
not. The following section describes the process through which these activities were 
used in a secondary school classroom. 

3 CLASSROOM TRIAL 

The main aim of the trial was to elicit initial feedback on the developed materials 
and to gain an understanding of how teachers would use the resources in a real class-
room 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 ses-
sion. The focus of the evaluation is on 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’. In this paper we are only reporting on the results of our 
classroom observations. 

The classroom trial was conducted over two science classes at a publicly-funded 
secondary school with seventeen Year 9 children (aged 13-14). The classroom ses-
sions were led by the teacher with two researchers present to observe and help as 
necessary. 



3.1 Session 1 

The first session incorporated both energy consumption and solar generation data. At 
the beginning of the session, students took part in a whole-class discussion of a graph 
that plotted overall electricity consumption of a single house across a single day. Fol-
lowing on from this, students had to: 

1. Write a story hypothesising what activities might have been occurring on that day 
to explain the pattern shown in the graph 

2. Create 5 questions related to the data set that could test the story hypotheses 
3. Select two of these questions and construct semi-formal queries to extract data 

which could help the students answer that question 

The students had to first work on these questions in groups with regards to the elec-
tricity consumption data. Students easily identified the salient points from the graphs 
including the maximum and minimum times of consumption and the pattern of the 
graph. They were able to come up with a wide variety of theories from the consump-
tion graph, for example hypothesising that the data might be from a weekend because 
there was a large amount of consumption during the day, demonstrating a good un-
derstanding of what could cause electricity consumption to fluctuate.  

At this point the teacher initiated a whole-class discussion that went beyond the 
teaching materials. Focussing on a period of zero electricity use, she prompted the 
students to consider whether it was it a power cut or whether there were alternative 
explanations? Students ventured that it might have been a fuse-box failure or that a 
pre-paid meter had run out of cash. Interestingly, no student raised the possibility that 
the data could simply be incorrect. 

A wide range of questions were generated by the students including “Did the entire 
street have a power cut?”, “Does the house use the same amount of energy on week-
ends and week days?” and “How does the energy use change in winter?”. A number 
of questions went beyond surface-level interpretations. For example, “Do they have 
young children in the house?” – the students argued that by looking at microwave and 
kettle use that occurred overnight they could determine whether there was a baby that 
needed feeding. Such deep interpretations of the data were completely unanticipated. 
All 17 students managed to construct at least one semi-formal query that would pro-
vide data that could help answer the question they had posed. 

Having worked through the electricity consumption data with teacher intervention, 
students had to work independently through the same set of questions using solar 
generation data for a single property in Milton Keynes over a 5-day period in June. 

The solar data is less fine grain and has a clear repeating pattern of increasing dur-
ing the morning, peaking and then decreasing across the afternoon to a trough at 
night. The nature of the data meant that while students were capable of generating a 
narrative and questions regarding the data, the queries were all based on two themes – 
either comparing across different houses (e.g. “did all the houses produce a similar 
amount of electricity?”) or looking across a wider time-span (e.g. “does the house 
hold the same pattern in the winter?”). All 17 students managed to construct at least 



one semi-formal query that would provide data that could help answer the question 
they had posed. 

Informal post-session feedback from the teacher highlighted that the session had 
gone really well; she was surprised that one student in particular who wasn’t normally 
engaged was very engaged and encouraging other students. She also highlighted that 
through providing real-world local data that was not accessible to the school we were 
providing a very useful resource that made the session more interesting for students. 

3.2 Session 2  

This session started with students making their own graphs from electricity con-
sumption data based on their queries from session 1. This was done using Excel and a 
set of prepared data that had been curated based on the queries students had written. 
After 20 minutes students went through the same process using the solar generation 
data. Having gone through this process they were directed to explore an online tool 
that visualised 12 months of solar generation and electricity consumption data. Each 
plotted point was an aggregate of that days data. Students could select the house, type 
of data (consumption/generation) and date range. 

When comparing the two approaches, students preferred the online tool because 
“it’s easier” and “you can get more analysis done” but noted that it was limited in 
terms of forming more complex visualisations around plotting multiple houses on the 
same graph. Students queried the data much more rapidly using the online tool and 
constructed a wider array of questions beyond the scope of the immediate task (e.g. 
“Why are there consistent periods of no electricity consumption?”). This led to more 
in-depth interpretations (e.g. solar panels switching on when moving from the nation-
al grid vs. running out of money on a key meter).  

The next task involved interpreting satellite images of an estate in Milton Keynes 
with an overlaid data set that predicted the yield for producing solar energy in 1 year 
based on roof size, pitch and direction of roofs as calculated from the aerial photog-
raphy. Each aerial map was overlaid with yield data and was provided alongside a raw 
data table that contained several other attributes, including cost of installing the panel, 
and the estimated financial cost benefits. Students were asked to use the data to dis-
cover the relationship between roof area and yield and to understand how other fac-
tors such as pitch and direction influenced the yield. The students successfully identi-
fied which houses had the best yield and the relationship this house had with roof 
area, pitch and direction. One pair of students went further and noted that while one 
house had the highest yield, the up-front cost for the panel was much higher than a 
house that had a similar yield. This led to a discussion of how efficiency varies de-
pending on the time period you are looking at. 

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 used and how long for. The final task was for the students to 
design their own visualisation of the data they had collected for their homework. All 
of the students managed to construct a visualisation that accurately represented the 
data they had collected. 



Overall, across the session students demonstrated a very good ability to understand 
the data, create their own visualisations, interpret various visualisations and use their 
interpretation to generate further questions. 

4 DISCUSSION, CONCLUSIONS and FUTURE WORK 

Our approach, enacted through a mix of teacher-led, interactive and independent 
work was very successful. Our students demonstrated that they were capable of 
achieving the tasks presented to them, with the level of help that would be normally 
expected in a classroom. They demonstrated an ability to conduct their own queries, 
create visualisations and make accurate interpretations using unmodified complex 
urban datasets. Therefore, the outcome of this trial might be taken as an encouraging 
indication of the capabilities of students 

From our experiences it is clear that providing data with a local angle provides a 
great deal of interest to students. Using real-world datasets was considered to be in-
teresting by both the teacher and students as it is a resource they do not typically use 
and answers the common student question of ‘why do I need to know this?’.  

This trial is informing the development of a web-based platform called the Urban 
Data School which will provide teachers with access to big 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 large 
data sets, 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. 
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