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. Abstract 
The design of learning materials for the support of 
people learning science involves the application of 
theoretical learning principles, participatory design and 
support from practice. One of the key contemporary 
challenges is in making use of experiences in the 
variety of settings in which scientific knowledge can be 
built. The challenges involve not only making use of the 
connected world in which science can be studied for 
innovative learning designs but in tracking, interpreting 
and modeling the development of scientific knowledge 
and skills.  A case study of the use of mobile tools to 
support inquiry learning by collocated groups illustrates 
these challenges, and is used to discuss interpretation 
methods and future applications. Current work in 
progress on related projects is described. 
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Introduction 
This workshop contribution considers the settings in 
which students working together in the same pace at 
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the same time are learning and interacting with 
technology. New opportunities for science learners both 
in learning directly from immersion in their 
environment, learning with others and in connecting 
their learning between settings are presented by the 
introduction of technology. In the multidisciplinary area 
of Technology-Enhanced Learning (TEL) our aim is to 
make innovations to improve learning opportunities by 
the judicious use of technology.  

We approach this topic building on our experience of a 
five-year research programme on technology enhanced 
learning with eight large projects and ten thematic 
initiatives funded by the UK Engineering and Physical 
Sciences Research Council (EPSRC) and the Economic 
and Social Research Council (ESRC). One of the large 
projects is discussed in this paper, a substantive 
investigation into the role that technologies can play in 
enabling effective inquiry. Both the design of the 
learning technology ecology and the tracking of 
interactions in settings with a view to evaluating how 
learning happens are complex activities. Significant TEL 
innovations (see e.g. [1]) are developed and embedded 
over periods of years rather than months in such 
settings.  However it is possible for case studies of 
particular instantiations of TEL to be examined for 
insight. Design-based research expects researchers to 
‘systemically adjust various aspects of the designed 
context so that each adjustment served as a type of 
experimentation that allowed the researchers to test 
and generate theory in naturalistic contexts’ [[2], p4]. 
This approach to the design of TEL systems, where 
improvement cycles are supported by collection of data 
involving the multiplicity of data sources emerging from 
such complex learning settings. In the case study which 
follows our learners are collocated in classrooms and 

fieldtrips. However aspects of temporality are complex 
within and across settings. Although there are 
interactions over minutes or half a day, the challenge is 
to make sense of knowledge construction over longer 
periods of time [3]. 

Case study on personal inquiry  
The personal inquiry project (See Sidebar) 
In this case study we aim to explore how cumulative 
knowledge-building is orchestrated and resourced over 
the duration of an extended technology-mediated 
scientific inquiry learning activity by collocated students 
and teachers.  A key educational challenge is how to 
ensure that the overall educational experience for the 
students is one that is genuinely cumulative and 
reciprocal, rather than simply extended in time. The 
analytic work we present will explore how a teacher 
creates continuity between ideas and events across 
time and how they confront the complex issue of how 
to support and resource the development of linked 
‘chains’ of inquiry. 
 
We use the metaphor of orchestration to draw attention 
to the subtle interweaving of activities ideas and 
resources and the ways in which a teacher may make 
what are often moment by moment shifts between 
what is fore-grounded and what is back-grounded in an 
on-going activity. This metaphor captures the sense in 
which a teacher encourages and works with learner’s 
contribution in the context and pursuit of overall goals 
as part of a longer trajectory of meaning making. 

 
Analytic framework 
The approach we took to data analysis was based on 
the socio-cultural discourse analysis approach 



 

developed by [4]. Our analysis explores how teachers 
create continuity between ideas and events across time 
and how they confront the complex issue of how to 
support and resource the development of linked ‘chains 
of inquiry’. The affordances of the technologies in play 
distinctively enter into and resource the processes of 
connection building across phases of activity – such 
that from the learner’s perspective, the work they are 
undertaking begins to develop a cumulative quality in 
which specific activities, and their goals, began to form 
part of a greater whole - a purposeful educational 
‘journey’ through which they come to understand the 
nature and processes of inquiry learning. The challenge 
for teachers and instructional designers s in ensuring 
that this educational experience is reciprocal and 
cumulative: Most learning does not happen suddenly: 
we do not one moment fail to understand something 
and the next moment grasp it entirely ([5], p 123).  

So what we were looking for in our data were meaning 
making trajectories involving the progressive 
integration over time of resources and representations 
that were being (re)constructed and encountered, 
including those afforded by the use of the computer 
toolkit. The affordances of the Activity Guide 
constructed in nQuire resource the processes of 
connection-building across phases of activity [6}. 

Investigating Urban Heat Islands in Milton 
Keynes and Northampton  

The Geography project undertaken in partnership with 
a school in Milton Keynes whose teachers were 
interested in developing inquiry-based project work 
which their students could undertake for GCSE 
coursework involved students in the development of a 

personal inquiry on the topic of urban heat islands. It 
consisted of a school-based intervention involving 15 
year-old students’ use of a location-based inquiry 
learning toolkit ‘Activity Guide’.  A series of introductory 
lessons, intended to orient learners both to the project 
and to the technology, associated group-based field trip 
activities and an extended set of follow-on lessons, and 
informal after-school sessions, where students generate 
their personal research questions and associated 
hypotheses, work through their data, test their 
hypotheses and produce individual final reports were all 
involved in this study over 12 weeks. This project ran 
twice and involved around 78 students for the first 
iteration and 57 students in the second iteration [7]. 

A key challenge was how to ensure that the overall 
educational experience for the students was one that 
was genuinely cumulative and reciprocal, rather than 
simply extended in time [8]. The classroom preparation 
sessions, a one-day field trip and an extended period of 
data analysis resulted in a huge amount of data. We 
collected around 40 hours audio round 40 hours video 
(including classroom lessons, practice and field trip 
sessions). We collected teacher pre and post 
intervention interviews, student post intervention 
interviews, interviews with 4 parents. In addition there 
was an extensive collection of written material including 
exercise books, coursework journals and pieces of 
coursework, teacher’s powerpoint, handouts, course 
handbook, and marking scheme for the coursework 
assignment. In this case study we consider the 
question: How is cumulative knowledge-building 
supported and resourced over the duration of an 
extended inquiry learning activity? 



 

To demonstrate our approach to answering this 
question in the analysis which follows we takes the 
work of one focus group of students [P1, P2 etc] 
working with their teacher [IT]. 

The teacher commenting on the use of the ultramobile 
computer used during the activities noted the centrality 
of the device to their collaboration as follows: 

When they were out there [on the fieldtrip], it was just 
something to record their data on…then as the whole 
thing has progressed, lots of them have started to use 
it more, like a lot of them have been writing all their 
Word bits in it, and then copying that into their Word 
documents…. (Teacher interview) 

Classroom orientation 
Locating pupils activity and data collection within the 
overall enterprise, it’s a complex situation where 
students will be traversing several pre agreed locations 
in both towns, responsible for the production of their 
own coursework, and working in a small group to  
cooperate in collecting data each responsible for a 
particular data type. The teacher told the students 

The fact that we’ve got two places within close 
proximity, we can visit both on the same day,…gives a 
really good comparison…We’ve already got data from 
Milton Keynes…In fact in terms of data you’ll have ‘your 
data’ , your group’s data. You’ll have other classes data 
so You’ll have at least three sets of data from the same 
places taken at the same locations that you can 
compare…that’ll give you loads and loads of things to 
comment on.. 

The classroom preparation extends to a consideration 
of what the screens for interaction look like. 

On the fieldtrip 
The teacher here is coordinating groups completing 
their activity  
 
IT  Once you’ve collected your data and your group is 
ready will one person in your group put your hand up. 
That way you are ready to move on. 

IT  Before this it was the headquarters for Barclay card 
which is now on the outside of town. It’s a  lot taller 
than other buildings. That gives you an indication of the 
cost of land. People doing irradiance I would probably 
take it off these, erm, sort of paneled surfaces along 
here OK. You’ve got 4 minutes ..4 minutes 

The teacher is mostly acting as a timekeeper here 
(researcher and teacher combining to ensure pupils 
don’t miss key points of their recording. 

IT  Have you made a note about the fact that your 
minimum and maximum are from different surface 
types? 
P1  yeah 
P2  whoops (re-opens laptop )  
P1 I was just about to mention that 
(P2 pretends to softly slap P1) 
 
The intervention continues 
IT (comes over). Are you doing irradiance? 
P1 Yeah 
P2 It’s alright we’ve done it (IT holds hand out, P1 
points sensor towards it then IT moves away) 
P1 Oh interesting he was bleeding warm! He had plus 
point eight from his hand! 
P2 Sir, Sir you are a freak of nature, of infra-red nature 
(typing again ‘Will add to the urban heat island’) 



 

The teacher’s intervention worked as pupils used him 
as an object on which to relate infrared radiation to the 
contribution to the heat island effect. 

IT Just make sure that you’ve got anything that will 
help you when you’re thinking about the data that 
you’ve got Because when you come back and sit and 
look at this stuff you might think Oh I can’t remember 
what it was like. Anything that will jog your memory  

IT You need to add in there that it’s still a modern site, 
OK a lot of it is still glass in terms of materials which is 
either gonna reflect the heat. Its double glazed so its 
gonna stop all the heat within the buildings from being 
released. In terms of the market you do have a bit of a 
wind tunnel and also over head you’ve got major roads 
which give you quite a big source of pollution.  

IT here is reminding the pupils that the data collection 
activity cannot be isolated. They need to always be 
remembering to make sufficient notes on the context, 
emphasising the importance of observation and 
interpretation. 

IT Any pollution from here can be blown right up there 
to Campbell Park and in the other direction. You don’t 
have the same concentration you had in Northampton 
as we’ll go through this end, you’ll notice the buildings, 
the whole streets are more narrow, even down to the 
pavements are much more narrow. The buildings all 
tend to be higher. They tended to be much closer. OK 
you’ve got the opposite here. Wide open spaces, plenty 
of parking right outside the shops. And the materials.  

IT here links back to the morning field trip in 
Northampton, connects all observations together with 

land use, refers forward to ideas about what will affect 
data and timekeeps. 

Analysis sessions 
IT in this session orients the pupils towards reflection 
and data analysis, and picks up technical problems with 
moving data. 
IT What I want to do really is spend about 10 minutes 
reflecting on yesterday OK and...how I want you to 
structure data, using your data and eventually 
analysing your data…. 

IT Can I just have your attention please?...a lot of you 
are experiencing problems copying this folder onto your 
user area...I want every single person in this room to 
have the data folder saved on their area a scrubbed 
down condensed photo folder/ 

IT I like your idea here You have been thinking about 
what you are seeing… Make sure you save that in your 
course work area OK… 

IT Your job is really to get that across the route you 
took, the places you went, supporting that with images 
of each location and getting the data that shows the 
changes in temperature, wind speed, carbon monoxide 
and irradiance as you go along… 

Here again he is encouraging reflection and the 
students to focus on production of the storyline for their 
reports.  

IT I’m upping the pace. What I need to have done by 
the end of this week I need you to have presented your 
group’s data so that is your base map of Northampton 
and your base map of Milton Keynes with your data and 



 

average data with your images done and, this is the 
important bit, your class average data…can you all log 
on to the internet and we will give you a website where 
you can get your class average from? 

The teacher breaks down the task then goes on to 
emphasise the usefulness of looking across the data 
from the whole class and eliciting reflection on 
observations. 

IT Were the buildings close together? 
P1 Yeah 
IT Were the buildings higher than Milton Keynes, on 
average? 
P1 Yeah 
IT What about the roads? Were they wide or narrow? 
P2 Narrow 
IT Fairly narrow …Northampton very very northern 
(continues to describe city differences) 

The conversation continues in a very in construction 
and co-construction of argument. 

IT I think you need at the beginning why you are 
studying, why do geographers study urban heat 
islands…you need to refer to urbanisation, rural to 
urban migration. 
 
In this case study we have tracked how interactions 
between students and the teacher in the same place 
can be orchestrated to lead to learning. In particular, 
this case study deals with the interactions in the same 
place but consisting of both short periods of 
interactions and the extended temporality associated 
with activities designed to lead to learning. 

• … 
Conclusions 
Our analyses of the teaching-learning interactions, 
undertaken in this case study using socio-cultural 

discourse analysis. [4] suggests that through a complex 
series of recaps, elicitations and reformulations [9]. The 
teacher worked, in his talk, to create cohesion and 
continuity from what might otherwise be seen by 
students as no more than a series of disparate events. 
The teacher thus aimed to foster students’ 
understanding of the scientific inquiry process within a 
meaning making trajectory involving the progressive 
integration over time of the diverse semiotic resources 
and representations that were being (re)constructed 
and encountered, including those afforded by the use of 
the computer toolkit.  Trajectories may last mere 
seconds or minutes or may occur over much longer 
periods of time, as well as being picked up and 
resumed across separate occasions [9].  

We have illustrated in this paper how affordances of the 
Activity Guide implemented within the nQuire toolkit in 
the Personal Inquiry toolkit resourced the processes of 
connection building across phases of activity. We have 
illustrated how cumulation in which specific activities, 
and their goals, began to form part of a greater whole - 
a purposeful educational ‘journey’ in understanding the 
nature and processes of the inquiry learning cycle. 

Our work thus indicates that the affordances of an ICT-
mediated inquiry toolkit, can be, in the hands of a 
teacher skilled in the pursuit of inquiry, of considerable 
use in orchestration, enabling coherence and 
connection building to be successfully pursued. 

Other work in progress  
Further work with the nQuire toolkit has extended the 
platform and developed a mobile app Sense-IT which is 
currently being used in citizen inquiry settings ( see 
[10]. Further work on complex settings incudes two 
other projects Maseltov and SALSA are aimed at 

Personal Inquiry [6.7] 

Aim:	The main objective was 
to design new educational 
methods of scripted inquiry 
learning, implemented across 
devices including personal 
mobile technologies and 
shared classroom displays, 
and to evaluate their 
effectiveness in helping 
young people aged 11-15 to 
understand themselves and 
their world through a process 
of active scientific inquiry 
across formal and informal 
settings.  

Toolkit: 

‘Scripts’ or dynamic lesson 
plans in the form of an 
‘activity guide’ were 
developed to take the 
learners through a number of 
processes involved in the 
inquiry learning cycle. The 
nQuire platform developed in 
the project has been further 
developed into nQuire-IT and 
Sense-IT. 

More information:  

http:// www.pi-project.ac.uk 

http:// www.nquire-it.ac.uk 

 



 

understanding how a mobile app and a smart city might 
support second language learners with their language 
learning and social integration goals. The Maseltov 
project has developed an app with a range of services 
field tested in London, Madrid and Vienna producing the 
challenge of interpreting (http://www.maseltov.eu) 
[12].The SALSA(http://www.open.ac.uk/blogs/salsa/) 
is exploring how a smart city might support second 
language learners with their language learning and 
social integration goals, testing  beacon-based solutions 
to the challenge of providing highly contextual support 
and use networked mobile device [13]. 

Acknowledgements 
We are grateful to the UK research councils for their 
support for the TEL Teaching and Learning Research 
Programme.   

References and Citations 
[1] Scanlon, E. Sharples, M. Fenton-O'Creevy, M., 
Fleck, J. Cooban, C., Ferguson, R., Cross, Simon and 
Waterhouse, P. Beyond Prototypes: enabling innovation 
in technology-enhanced learning, TEL-TLRP, 2014. 

[2] Barab, S. and Squires, K. (2004), Design-Based 
Research: Putting a Stake in the Ground, The Journal of 
the Learning Sciences, 13, 1 1–14. 

[3]  Mercer, N. (2008). The seeds of time: why 
classroom dialogue needs a temporal analysis Journal 
of the Learning Sciences, 17, 1, 33-59 

[4]  Mercer, N. Littleton, K. (2007). Dialogue and the 
development of children's thinking: a sociocultural 
approach. London, UK: Routledge.  

[5]  Barnes, D. (1992). ‘The role of talk in learning’ in 
K. Norman (ed.) Thinking Voices: The Work of the 
National Oracy Project, London: Hodder and Stoughton. 

[6] Sharples, M.,  Scanlon, E.,  Ainsworth, S.,  
Anastopoulou, S.,  Collins, T.,  Crook, C.,  Jones, A., 

Kerawalla, .L,  Mulholland, P.,  and O'Malley, C. (2015). 
Personal inquiry: orchestrating science investigations 
within and beyond the classroom. The Journal of the 
Learning Sciences. 24(2) pp. 308–341. 

[7] Scanlon, E., Anastopoulou, S., Kerawalla, L., and 
Mulholland, P. (2011), How technology can support the 
representation of inquiry learning across contexts 
Journal of Computer Assisted Learning 27(6),  516–529  

[8] Alexander, R. (2004). Towards Dialogic Teaching: 
rethinking classroom talk, Cambridge: Dialogos. 

[9] Mercer, N.  (1995). The Guided Construction of 
Knowledge, London: Multi-Lingual Matters.  

[10] Baldry A. and Thibault P.J. (2006). Multimodal 
Transcription and Text Analysis, Equinox, London.  

[11] Herodotou, C, Villasclaras Fernandez, E. and 
Sharples, M. (2014). The design and evaluation of a 
sensor-based mobile application for citizen inquiry 
science investigations. In: Rensing, C.; de Freitas, S.; 
Ley, T. and Muñoz-Merino , P. J. eds. 9th European 
Conference on Technology Enhanced Learning, EC-TEL 
2014, Graz, Austria, September 16-19, 2014, 
Proceedings. Lecture Notes in Computer Science 
(8719). SpringerInternational Publishing, pp. 434–439 

[12] Kukulska-Hulme, A.; Gaved, M; Paletta, L; Scanlon, 
E; Jones, A. and Brasher, A. (2015). Mobile Incidental 
Learning to Support the Inclusion of Recent 
Immigrants. Ubiquitous Learning: an international 
journal, 7(2) pp. 9–21. 

[13] Gaved,  M.;Greenwood, R. and Peasgood, A. 
(2015). Using and appropriating the smart city for 
community and capacity building amongst migrant 
language learners. In: Proceedings of the Work-In-
Progress Track of the 7th International Conference on 
Communities and Technologies (Avram, G; De Cindio, F 
and Pipek, V. eds.), IISI - International Institute for 
Socio-Informatics, pp. 63–72 

 


