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Abstract. Recently, there has been a growing interest inldeafory Learning
Environments (ELESs) in which learning occurs thiouguided exploration and
problem solving [1]. The characteristics of leamiwith ELEs can be seen to
share a number of common issues with inquiry leynin which students design
and carry out investigations in order to acquirevidedge about the domain under
investigation [2]. As part of the Personal InquiBl) project, we are developing a
software application, called Activity Guide, to gapt inquiry learning. Activity
Guide specifically aims to support: (i) students defining, organising and
carrying out their inquiry, (ii) decision makingaprogression through the inquiry,
(iii) movement between individual, group and cléseels, and (iv) authoring and
customisation of the inquiry. Decisions made inefelution of the toolkit have a
number of possible implications for ELEs, particlyan terms of task sequencing,
collaboration, teacher orchestration and authoring.
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1. Introduction

Recently, there has been a growing interest in&apbry Learning Environments
(ELEs) that facilitate learning by means of guidiegploration and discovery. The
form of learning promoted by ELEs has strong asdimgis with inquiry learning, in
which students design and carry out investigationeder to acquire knowledge about
the domain under investigation [2]. Many uses oEElcan therefore be thought of as
tools for inquiry learning that provide particutgpes of support for the learner.

Much of the work on ELEs has focused on simulationsmicro-worlds as the
environment within which learning takes place. $anly, in inquiry learning, a great
deal of research has been concerned with simutatwnmicro-worlds in which the
learner can operationalise (i.e. model) and test §imulate) their theories [3, 4, 5].
Advantages of conducting inquiry learning by meaha computer simulation include
making the phenomenon under investigation moresadgle than it may be in the real
world and simplifying or emphasising aspects ofdbenain in order to aid the learner
[6].

As part of the Personal Inquiry (PI) project we deweloping, through a process
of participatory design [7], Activity Guide to sump personal inquiry learning. The
role of Activity Guide is to help students form@aimanage and conduct a scientific
inquiry, with a specific focus on experiments cadrbut in personally meaningful, real
world settings.



Decisions made in the evolution of Activity Guidavie a number of possible
implications for ELES, particularly in terms of kasequencing, teacher orchestration,
collaboration and authoring. First, within Activit§uide, the inquiry is structured
around logical phases in order to assist navigatiefiection and transfer to other
inquiry activities. Second, temporal stages of ingare used to signpost progression
through the scheme of work and provide the teaelitér a flexible way of opening up
future activities. Third, activities and their réigwg products can be seamlessly moved
between the individual, group and class level ddjpenhow the inquiry has been
scripted. Fourth, teacher authoring is charactéra® prior inquiry stages within the
same environment thus alleviating the overheadsaofseparate authoring or
customisation interface.

In the next section we provide a brief overviewAativity Guide. The following
sections then focus on four issues of particuld@vence: structure of the inquiry,
progression through the inquiry, collaboration anthoring.

2. Activity Guide

The envisaged role of Activity Guide is as a genéool to facilitate learning by
inquiry. Previous research has highlighted the etspef inquiry learning that students
find difficult [3] and could benefit from softwarscaffolding [8]. In the context of
discovery or inquiry learning, de Jong and van idgen [3] distinguish between
transformative processes and regulatory procesbemsformative processes are
defined as those that yield knowledge during theuiry. Inquiry learners have been
found to have difficulties with a number of transfmtive processes related to
hypothesis generation, experimental design and daéapretation [3]. Regulatory
processes are those needed to manage the inqditgamers have been found to have
difficulties with processes such as planning, pesgrmonitoring and goal setting.
Quintana et al [8] make a similar distinction to avhhey refer to as sense-making
processes and process management. A third arefiiailty identified that can benefit
from software support is collaboration processeshé form of articulation [8], student
interaction and shared knowledge building [3]. @bdiration comprises also the
presentation of the inquiry to others as well aswing on others during the
performance of the inquiry. Quintana and Frishm@naldd the role of the teacher in
monitoring and guiding inquiry as an additional espthat can benefit from software
support. We can therefore draw from these four @spef inquiry learning that
Activity Guide will need to support:

Transformative processes, e.g. hypothesis formatiata analysis.
Regulatory processes, e.g. planning, monitoring.
Collaboration, e.g. articulation, knowledge builglin

Teacher support, e.g. monitoring and guiding tlogiiiry.

The Activity Guide instantiation of an inquiry isrigen by a formal inquiry
learning script. The script specifies how the imgu$s organised and presented, which
provides regulatory support to the learner. Thigxplained in section 3. The script
also determines how the content and availabilityhef activities of the inquiry evolve
over time, who can progress the inquiry and by wheans. This definition of how the
script progresses supports both learner regulatfaine inquiry and can also provide
the teacher with easy-to-use mechanisms for onciggl the inquiry. This is
explained in section 4. The script also specifiesghifts in activity between individual,
group and class levels. This is a central part oW hActivity Guide supports



collaboration and is described in section 5. Oyragch to enabling the authoring or
customisation of inquiries and therefore the undiegl script is described in section 6.

Our characterisation of scripts draws on CSCL $erjft0] in that they form an
actionable specification of the individual and gvactivity of the inquiry. At this stage
of development the scripts specify the step-by-gteqgression of the inquiry but not
the pedagogical schemas [10] or patterns [11] aflwvthey may be a realisation.

Activity Guide is built upon the Drupal frameworkd], an open source, web-
based, content management system. A core set édncusiodules developed for
Activity Guide produce the inquiry structure ancpbegpriate user and group access to
specific activities at any stage of the inquiry. dittbnal custom modules support
specific activities such as hypothesis formatiod data analysis. Therefore, building
on the Drupal framework assists the developmeatmbdular architecture for Activity
Guide with a high degree of interoperability. Thevwa toward open and interoperable
learning architectures is also a key motivationS#IL (Scalable Architecture for
Interactive Learning) [13] which is being developexla continuation of WISE [14], a
scaffolding environment for science inquiry.

Within Activity Guide, transformative processes amssociated with specific
activities and served by their additional moduleis paper will focus more on the
core generic modules that provide regulatory preegs collaboration and teacher
support rather than the modules supporting transitive processes for particular
classes of inquiry.

The Activity Guide interface is accessed throughed browser and is primarily
intended to be accessed either through an ultrakenob desktop PC. An important
practical requirement of Activity Guide is thatrieeds to be used both through a
networked client and locally. This is because mampuiries may require field work
where a network connection cannot be guaranteeceriRalevelopments in low-cost
ultra-mobile PCs allow this to be achieved usingtandard web architecture as such
devices can be used as a fully functional web-sededivering the web-based inquiry
to the local machine as well as being used asemtcto a central server. Custom
modules have been developed for synchronising lestwecal and central server
installations for specific inquiries [15] and a rmoigeneral module is under
development.

The ultra-mobile PC was also selected because denaa appropriate trade-off
between portability, for field-based activities,dahaving a sufficient screen and
keyboard capability for more involved forms of irstetion such report writing. The
ultra-mobile PC selected and used in the PI pragettte Asus Eee PC.

The Activity Guide has been used in various stamfedevelopment to support
three inquiry learning scenarios, each with betw&@m80 and 170 students. The topics
of the three inquiries were diet, microclimates] arban heat islands respectively. The
diet inquiry involves students in making predic8as to the nutritional quality of their
diet, testing these by keeping a diary of their Im@ad snacks and then using this to
calculate their nutritional intake. The urban hiestdands inquiry supports students in
making hypotheses as to how temperature may vamysscan urban area, taking
scientific measurements and observations, andubeny these to identify and explain
any variation in temperature. The microclimatesuing involves students deciding
where in the school grounds would be the best ilmeatfor different types of activity
(e.g. having a picnic, flying a kite) and then eoting scientific data (e.g. temperature,
wind speed) at different locations in order to thstr prediction. In the remainder of
this paper illustrative examples are taken fromrtiieroclimates scenario.



3. Structure of the inquiry

Within Activity Guide, an inquiry is defined in tas of phases, stages and
activities. An activity is a constituent task withihe inquiry, for example forming a
hypothesis, taking part in a discussion or coltegtiata at a specific location. A phase
is a set of activities forming a logical part oétmquiry process, such as planning the
investigation or collecting data. A stage is a terappart of the investigation such as a
lesson or specified period of independent studywinich a set of activities are
undertaken. A stage may comprise activities froffedint phases of the inquiry.

The phase structures defined and used in the thiede drew on an idealised
inquiry model developed from a review of the litewra [16]. This was then customised
to account for the requirements of each school. ddfmition of stages aligned with
the lesson and homework patterns of the schools.
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Figure 1. Activity Guide interface.

The structure of the inquiry is reflected in thetidity Guide interface (see figure
1). The phases and activities are used to formndmdgation panel, with phases
represented as containers of activities. The stagepresented as news items posted to
the home page. Each activity at any one time cam lame of four states indicating
whether the student can start, edit or view thevigt or whether it is currently
unavailable (see table 1). We took the decisioalign the status types with the access
rights for the particular piece of content ratheart using status types along the lines of



“to do” and “done” that are found in most task nmgemment applications. This was
because these task-based status types impliedathactivity once done could be
effectively discarded, having only a historicaledh how the learner reached the
current position in the inquiry. Our review of ingumodels and participatory design
work with the teachers indicated that generallyisiimg and revising prior activities
was advantageous and the interface should notditipldiscourage this.

Table 1.The four activity states used in Activity Guide.
/ You can start this activity

Pl You can edit this activity

| i,

You can view this activity

Not available yet

In designing the Activity Guide navigation panel vopted for a policy of
maximum visibility, in that all known activities euincluded in the inquiry structure
even if unavailable to the learner at that timeis s done in order to give the learner
an overview of what they will need to accomplishitia inquiry.

4. Progression through the inquiry

A workflow engine built on existing Drupal workflofunctionality is used to
manage progression through the inquiry. A swim-latyée representation of one part
of the microclimates inquiry is shown in table higis one of the notations that was
used during the design of the inquiry. It coversivities organised into four logical
phases over three temporal stages of the inquiryhe first stage of the inquiry the
learner creates a hypothesis, decides which sfiienteasures they need to take (e.g.
temperature, windspeed) and at which locationkénsthool grounds they need to take
these measures. Once started, these three astvit@me editable. Selecting locations
and measures creates a set of data collectiontextithat become available in stage 2.
These data collection activities do not exist uikie decision on locations and
measures has been made and are therefore absiemtstdrt of the inquiry. Once stage
2 has begun, the selected measures and locatiorentabe viewed in order to freeze
the design during data collection. During stageh®, learner can view their data and
select and annotate photographs collected onelktfip.

This illustrates the types of progression throulgé inquiry that Activity Guide
needs to manage. First, an activity has to refleanhges in its own status. For example,
if an activity had been started, then its statuspwbably need to change, for example,
to become editable or viewable. Second, creatingditing an activity can impact on
other activities by adding, removing or changingnth For example, the activities to
select measures and locations produce data colteattivities. Third, transitions from
one stage to the next can alter activities, byef@mple, freezing them (so that they can
be viewed but not changed) or making them availablidhe student. Generally, stage
changes are initiated by the teacher. This provides with an easy way of ensuring
that all students have reached the same pointeStagsitions within the script are



implemented as flexibly as possible [17] so astoatonflict with the pragmatics of the
classroom, for example, not freezing activitiesegsl necessary so that absent students

can catch up.

Table 2. Swim-lane representation of part of the microctiesascript.

Phase Activity Stage 1 Stage 2 Stage 3
sy | wooness | 1| 2| A 4| 4| 4
menoce | measre | 21| 2| | AL | I

oeatons. | 77| 2] || 1L
g:tlzliect my {Locations} / ﬁ i'/ i'/
dP;(te:ent my :QS;Z my data / iI/

;?tl)?gtgg)r/lhs / il/

A further technique used by Activity Guide to shenogression is the use of
information blocks. These embed within an activitformation from other activities
with which they have a strong dependency. An exangblthis is shown in figure 2.
Here, the learner is specifying their hypothesistifie experiment. Information blocks
showing the available measures and locations frdrittwthey can select in the two
other concurrent activities are shown to the riditis is to encourage them to think
about the dependency between their hypothesis aethoeh and help ensure a
consistency between them. These information blaales views on particular prior
activities of the inquiry (i.e. articulating posbmeasurements and locations). These

interdependencies are specified in the formal smpr&ation of the inquiry.
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5. Moving between individual, group and class levels

As well as managing progression through stagelseofitquiry, Activity Guide also
supports specified shifts between individual, clarg group levels. Figure 3 shows
movement between these levels for some of the eda#isat participated in the
microclimates inquiry. For these classes, decidiitat to measure and where was
taken as a class decision and entered by the tedohine same lesson, each student
made an individual hypothesis. In the followingses, data was collected according to
the selected measures and locations in groupsuofdiofive students. Each group also
took photographs of important features of eachtlonato be uploaded as a group
gallery. In the third lesson, students worked imtlrally on data analysis and
individually selected and annotated photographsftbeir group gallery for use in
their written report.

Decide what to measute

Class C Decide on our location,

Group O Collect data
dividual Wit hvpothesi View my data table
Individual C rite my hypothesis 7\ Select my photographs
/
Stage 1 Stage 2 Stage 3

Figure 3. Activities at the individual, group and class Isweithin the microclimates inquiry.

Shifts between levels were reflected in the AcyivBuide interface in two ways.
First, for activities on the group level any memioérthe group can log in and add
content to be shared with the rest of the groupyvéi@r to emphasise the group nature
of the activity, each was given a group name akddao use this to login when a stage
exclusively contained group tasks, such as stagkfigure 3. Second, the wording of
activities (e.g. the use of words “my” and “our”asvused to reflect the level of the
activity.

In terms of the underlying script, the level ofastivity is represented in terms of
its audience once created. The audience can béisgezither as individual, group or
class and is relative to the starter of that atgtiior example, if an activity that has a
group audience is started by a student then tHisbeishared with everyone in that
student’s group. Depending on the onward statubaifactivity, other members of the
group may be able to edit or view the content efahtivity. The audience levels of the
activity can be modified independently from the gdhaand stage structure to create
slightly different inquiries. For example, in theicnoclimates inquiry some classes
specified measures and locations on the grouprrétlaa the class level which could
be achieved by changing the audience settinghémetactivities.

Within Activity Guide, support for collaboration isxclusively task-related, for
example, providing means for data to be collectedyroups, aggregated on a class
level, or duplicated for individual use. Collabdoat in the form of an additional
communication channel outside the activity struet(e.g. generic instant messaging



facility) is intentionally not supported as thisutth be seen as a distraction from, or
alternative to, conducting the scientific inquiry Ibhe sender and/or recipient of
communication on that additional channel. This doeg mean however that
communication is seen as having a lesser or uraddsirole within inquiry. An inquiry
activity that involves, for example, interview, dission or debate, will be represented
as an explicit activity within the navigation andvie associated with it social software
tools as appropriate.

6. Authoring and customisation of the inquiry

Formally specifying an inquiry involving phasesags, interdependent activities
and collaborative components is a significant t&%krk on learning design illustrates
the challenges in representing a technologicahlagrscenario [18] even without the
additional requirement of that representation bainificiently complete and formal for
authoring purposes. Currently, the Activity Guidehatecture has a level at which new
inquiries can be scripted. We can envisage thisghased by technology designers in
participation with teachers, but not directly badbers.

Our approach to supporting teacher authoring ottocnisation is to provide
inquiries that have enough freedom and choicesimttieir script in order that, when
used, they can be instantiated into one of a famflyspecific inquiries. Teacher
customisation within the script is done using tlaene interface that a student uses
when specialising their inquiry. In the microclirmatexample, the students, either as a
class or a group, specified measurements and ¢osafor their investigation. Similar
types of decision can be made by the teacher inipnctages prior to the students
joining the inquiry, for example, deciding whetliee choice of measures and locations
should be done on an individual, group or claseglleVhis technique of specializing
within a pre-inquiry stage was used in the microalies inquiry to specify the lists of
locations and measures available to the studeguré&i4 (left) shows the activity of
adding one of the locations. This then featureth@anselection list within the student’s
activity (figure 4, right).
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7. Reflections

A number of decisions made in our ongoing develagnoé Activity Guide are of
potential relevance to ELE research. Evidence frndats has motivated and supported
many of these decisions [19].

Structure of the inquiryActivity Guide structures the inquiry around amher of
logical phases. This provides the learner with aganisation of the activities that
reflects more general phases of scientific inquilthis should aid the learner
identifying the role of groups of activities withthe overall inquiry and to potentially
transfer knowledge of structure and process adragsries that may differ markedly
in terms of the domain phenomenon under investigati

Progression through the inquinActivity Guide also presents temporal stages of
the inquiry and manages progression through thaipaccording to an underlying
script. Stages provide the teacher with an easyadebf bringing all students in a
class up to the same point. Stage transitionsmapéeimented as flexibly as possible —
opening doors to new activities but only closingodoto previous activities where
absolutely necessary to ensure the integrity ofrthairy. Management of progression
through the inquiry helps the student to more gaglentify what activities are
available at any one time. Dependencies betweeiviteed are supported and
highlighted in two ways. First, choices made iniati¢s dynamically propagate to
other activities, managing and showing how decsieffect future actions. Second,
information blocks emphasize important dependenmé&een the current activity and
other activities.

Collaboration Within Activity Guide, collaboration is embedded an integral
part of the inquiry structure. The shifting of adies and their associated data between
the individual, group and class levels is autonadlffc supported according to the
specified audience of activities within the scripbgin and activity names are used to
highlight for the learner the level on which anidty has been specified. Activity
Guide intentionally does not provide any additiorggneric communication channel
between students. Instead, collaboration is frammederms of the overall inquiry
structure.

Authoring Authoring the kinds of inquiries in which ActiyiGuide has been used
in trials, and which can be expected in many ctam®ss, requires the formal
specification of a significant number of attributd$ese include: activities and their
content, logical and temporal structures, deperidenibetween activities and shifts
between the individual, group and class. Due tolithi#éed time they have available,
we do not envisage teachers specifying such a fsattributes for a inquiry from
scratch, but rather using and customizing exisfimguires. Our current aim is to
provide sufficient choice in the specialisationinduiries such that teachers, in pre-
inquiry stages, can specify which inquiry they cé®drom the family of inquiries
afforded by that particular script. We are alsovjtimg a more expressive authoring
layer with which technology developers and educaiiists can co-design new scripts
from which families of inquiries can be created.
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