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Collective Engagement in a Technologically Mediated Science
Learning Experience: A Case Study in a Botanical Garden

Fariha H. Salman, Heather T. Zimmerman, Susan Md] Renn State University, University Park PA 16802
Email: fxh139@psu.edu, heather@psu.edu, sland@psu.e

Abstract: This paper presents an interactional case study Th@e Investigatorsa research
study designed as a technologically mediated téamcarboretum where children aged 7-11
collaboratively learn about the characteristic deas of different types of trees. Throughout
the tour, children are facilitated by a Naturakstd use mobile technology (e.g., iPads) to
focus on specific characteristics of trees on ttaich screens while observing the trees and
discussing about them. This analysis focuses amapgactivity where children use a mobile
app to identify amystery tree analyzed through video-based Interaction Analy3ise
findings reveal a collective engagement afforde@ lopordinated interaction between sensory
modes (verbal, gaze, touch, spatial) and mobilenelogies (iPads, AR content). The purpose
of this analysis is to help researchers and edtgattlize the analytical concept of the
collectivewhen designing or examining mobile learning atiggi outside of school.

The Tree Investigatorsresearch and design project investigates scieaaenihg within technologically
enhanced outdoor informal learning institutionsig)Lsuch as nature centers and arboretime® Investigators
includes a field tour at an arboretum where farsii@d children are facilitated by naturalists tbadxmratively
learn about the characteristic features of differtypes of trees. Throughout the tour activity,ldten are
accompanied by their families and are encouragedeéanobile technology (e.g., iPads) to discusstientific
characteristics of trees as they observe treesamhbysis in this paper focuses on the coordinatfosensory
observations, interactions, technology, and sciesm@ent when children were facilitated to use abiteo
application to identify an unknown tree, called thgstery treeThis paper contributes an account of collective
engagement, coupled with learners’ sensory intienast as a theoretical tool that can aid in theassh and
design of mobile computing to support out-of-schieatning in ILIs.

Conceptual Framework

This paper focuses on interactions between legrmeabile computers, and an outdoor learning cetdger
exemplify a collaborative educational design whinbludes learner-centered pedagogy relevant tailegr
outside of school. With this focus, our work draas two theoretical literaturesollective engagement
(Thomas & Brown, 2011) and learners’ interactiorithwechnologies. The structure of our mobile |é&agn
activity includes learner-centered, small groupagegnent facilitated by a Naturalist where learmeosk on
authentic problems to acquire new scientific infation as part of a visit to the Arboretum at PetateS

The learners’ activities occur within the contekemerging technologies, which present a potefuial
analyzing what Thomas and Brown (2011) call ¢bélective which is a highly collaborative problem solving
system relying on the complex, real time coordomatiof various resources — including people, skills,
technologies, and interactions. The concept ottikectiverelates to the framework of distributed intelligen
(Pea, 1993, White & Pea, 2011) whereby intelligeiscgeen as spread across social and materialroesoun
the same vein, “collective intelligence” is enlitamongst the eleven core social and educationidd $br
children in the emerging participatory culture bé tfuture (MacArthur Foundation, 2006, p. 4). Alsarious
attempts at re-imagining education, such as thetr€efor Educational Research and Innovation (e.g.,
‘Schooling for Tomorrowand Future of Higher Educatidl direct educators towards a future where leagnin
will require cross-disciplinary expertise encompregsamnultiple ways of knowing. Concepts like distribd
intelligence and theollective enable researchers to understand that these laultgys of knowing do not
reside within the individual; rather, knowing loeatitself in the dynamics of coordinated interatiof human
and technological resources. An important charatienf thecollectiveas emphasized by Thomas and Brown
(2011) is that the collective is “defined by anieetengagement with the process of learning” (p. while
“providing access to an increasing number of ressgimanaged by a technological infrastructure58).since
it is “well designed to facilitate peer-to peer rigag, their raison d’étre” (p.53). We rephrase sthe
characteristics as: (1) active engagement with|éfaening process and (2) accessing multiple huneth a
technological resources.

It is important to note that collective engagemienbkes the concept of multimodality or multiple
semiotic modes (Hodge & Kress, 1988; Kress, 200%8sK, et al., 2001; Lemke, 2002) from the fieldofial
semiotics. Kress et al. (2001) explains multiplede®within learning “when learners actively engadgg all
modes as a complex activity in which speech orimgitrre involved among a number of modes” (Kresal.et
2001, p.1). The importance of multiple modes inrnéag specifically science literacy is furthered bgmke
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(2002) who asserts that all meaning resides iniriteggration of complex material systems that spenoss
temporal, spatial scales which can be seen as sem@source systems—separable only analyticallye O
semiotic resource is digital technology (Baldry &ilfault, 2006) that combines and unfolds other e&mi
resources in new and innovative ways (O'Hallord009). Researchers (e.g., Mann & Reimann, 2007) also
emphasize the role of mobile learning technologissmediating tools—acting as a cultural intermadiar
between the learner and his or her social and palyshvironment. In keeping with this view, we amstand
that mobile technology serves as a semiotic regdiarcfamilies’ meaning making.

Studies (e.g., Kahr- Hgjland, 2011; Sung et &1 where out-of-school learning activities ugliz
mobile technologies have recommendations that aligin characteristics of theollective Sung et al. (2010) in
their museum-based study found that students w@simgbile problem solving guide system fared welieinms
of interactions and learning-related discussiorshrK Hgjland’s (2011) findings from a science cerdtudy
favor a narrative-based exploratory design for nmegfnl technological scaffolding. However, both dites
lament learners’ disengagement with the exhibite] a lack of deeper analysis, especially whenziriij
technologies. They recommend a detail-oriented gtleshat explicitly directs learner's attention tonge
specific aspect of the materiality (e.g., textumetual size) on-site in order to engage learnerg-idepth
discussions and careful study of the exhibits giadtof a focus on just the technology (Hsi, 2003).

Research Question
How do mobile computers interact with sensory séimimodes to support collective engagement of lesarn
while exploring trees in an ILI?

Methodology

Setting and Participants

The study is set at the Arboretum at Penn Statmtanical garden that displays trees from acrossatbrld.
The Arboretum at Penn State is a 370-acre ILIg#tdres 35 acres of groomed gardens, a childrendeg
focusing on Pennsylvania natural history, and ahgobwth stand of hardwood trees with walking gailhis
ILI offers an outdoor space that could be desigtedenable a participatory, immersive science lerni
experience. This aligned with thigree Investigatorsintent to focus on informal spaces where familias ¢
enjoy and learn from in situ scientific phenomeealated to trees.

Ten families were recruited for ti&ee Investigatorstheywere members of a nature center close to
the Arboretum. The families were strategically stdd: (a) as heavy users of ILIs and (b) becaustneif
affinity for outdoor experience of life sciencesurGstrategic selection of ILI visitors is aligned tesearch
practices commonly used in empirical museum studigg, Allen, 2004; Leinhart, Crowley & KnutsorQQ2).

The Tree Investigatorproject uses Augmented Reality (AR) to bring webdshmedia to a smart
phone or tablet such as an iPad. In designing thigilenwebsite (Zimmerman, Land, McClain, Mohney,oGCh
& Salman, 2013), we aligned with recommendations fiwobile computers on (a) the importance of
personalization to the learners’ agendas (Kearsiegl., 2012), (b) brief just-in-time interactioritivthe device,
to facilitate learning through conversation (Hs03; Kahr-Hgjland, 2011), and (c) matching the nees’
expectations of the experience to the affordanéabendevice (Looi, et al., 2010; Sung et al., 2018fter
interacting with the mobile website, learners waresented with a cumulating task to identify a regpgtree.

Data Collection Techniques

Data was collected in the Fall of 2011 with 10 fiesi (25 participants) including 15 children agedo711.
Data collection occurred on weekdays when the dshwere closed for teacher professional developmiere
research team organized families in smaller grougsch were each facilitated by a Naturalist durthg 60-
minute tour for each group. Videos of each of tHeekl tours were recorded, resulting in 5 hoursesforded
data. The video data were transcribed into appratéip 150 single-spaced pages of text.

Data Analysis Procedures

In accordance with our research question, a vigesgt Interaction Analysis was conducted (Derry.eP@10;
Heath & Hindmarsh, 2002; Jordan & Henderson, 199%®xplain the interaction between the childreessory
modes and mobile technological modes (e.g., appRRk&content) in identifying a mystery tree as a edlive
engagement enterprise. Interaction Analysis aligmitld the research question as it seeks to “ingagti human
activities such as talk, nonverbal interaction @hd use of artifacts and technologies identifyirmgytine
practices and problems and the resources for $b&itions.” (Derry et al., 2010, p.1). Also, intetian analysis
is best suited to ethnographic approaches (Heathinfimarsh, 2002), and the video-recorded field wiuthe
Tree Investigatorsfollowed ethnographic methods. These analyticalcpdures allow for capturing the
complexity of interaction in its various steps unding: video review sessions, cannibalizing, traipsion,
selecting events, and extracting fragments; theseescribed below.
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Data analysis involved reorganizing the video-basadscripts into multimodal transcripts (Kress et
al., 2001), which included the descriptive dimensiof the sensory modes like gaze, speech, and mstyre
and positioning. Reorganizing the transcripts tghhght both verbal and nonverbal elements allovilesl
researchers to make analytical insights relatedottective engagement. Both verbal and nonverbpeets
were recorded using time as an anchor. Anothegrait of data reorganization was preserving therautional
sequence in which sensory modes appeared (ethe i&ction preceded the verbal or if the mobile a@s
being used in conjunction with a sensory mode sigctalk or touch).

The criteria for recognizing instances asentsaccording to Jordan & Henderson (1995) are
“coherence in some manner” along with “official begngs and ending” (p. 20). Heath, Knoblauch armdf L
(2000) add an additional criterion that eventsvalfor the “enabling retrieval of critical informat” (p. 313).
Using these principles, the learners’ engagemetit thie mystery tree task episodes each formed veet.e
The events selected for analysis in this paper wégrelated to collective engagement aroundriistery tree
task episodes, which totaled approximately 100 me#wf video, and (b) focused on the video sectieere
the interaction between sensory and technologicales were visible. The segments were identifiecdas
the problem solving event of recognizing six sdieglly relevant tree features (i.e., branchingtems,
leaves/needles [shape, arrangement, margin/edgéf, elements [color], flowers [shape, color]); $skesix
scientifically relevant tree identifiers were indkd on theTree Investigatomobile website and app. ThéS
Treesapp was used during the mystery tree task whishanainterface that presents the identifying festwof
trees to support identificatiotJS Treesis designed so that the user sees multiple pessiplions for each
feature and can select one option after observiagfeature on a real, virtual tree or an imagéheftree. The
selected options are then configured as possideidentities in the app’s database.

This paper presents one analysis of one mystegytask event, within which seven segments are
presented to explain the interaction between thm&rs’ sensory modes (e.g., gaze, touch, verpatiat) and
the available mobile technologies (mobile app, ARtent) in the process of collective engagemeidentify a
tree. The seven segments are those identifyingriesmthat are noticed by the group in this pardicelent; the
seventh segment is where the results are discuskedover, the order in which these segments appélacts
the participants’ learning agenda during theirexdive engagement.

Data and Findings
From the analysis of the data, we found the twaarttaristics of theollective(Thomas & Brown, 2011) in the
interactions of the children equipped with bothsseg and mobile technological resources in theréd
education design of the mystery tree activity. Vifstfanalyze the interactions within each of theese
segments while referring to the data transcriptsxtNwe discuss the event as a whole, guided bytviioe
characteristics of the collective: (1) active erggagnt with the learning process, and (2) accessiulgiple
human and technological resources.

The collective engagement event using the mobilepzder began when the three children, Lydia
(aged 8), Emmy (aged 8), and Greg (aged 11), wareduced to théJS Treesapp to identify a tree’s
scientifically relevant features as a means totiflean unknown tree (i.e., mystery tree). The Nalist only
intervened where the children needed facilitationthe first two segments (below), Greg expresagibsity
about the flower (line 867) whereby the Naturalised the AR content to show a digital photographhef
springtime flower (lines 867-893) and fruit (Iin@87-911), to the learners.

267. [00:39:17.21] Greg: How do you figure cut the flower?

868. MNammlist: Right So when you 're ready for the flovwern you an come over here- or the fruic
269. both the fruitand the flower I'm gonna have to showyou using this special thing.

870. Lydia: [walks over and sits down next to Natmrmlist & Greg where a laptop and AR tags
871. are laying) Thisis what I think

g872. [00:39:33.23] Namralist: Sco. [picks up large AR mg) For the flower- I'm- right now what
87 3. I'm going todois angment the flower and the fruit for yow. And by asugmenting I mean I'm
874. gonnause adigial representation of. um. the fruit and the flower to show you so that

875. wyoucan- because right now [points up at tree), it's the fall and so we can't see those two
876. featuresand so I have to show vou using this.

S00. Natmrlist: So there's the color of that fruit [holding AR tag in front of laptop]
g0il. [00:41:03.09] Lydia: (taps iPad screen) There!

902. Nawmralist: Did you getit? Everybody got it?

903. Rachel: You got the fruit. Emmy?

904. Emmy: Yezh, I think so.

S905. [00:41:08.14] Namralist: Alright. Great. So let's see- | think we 're all good with that. [(shuts
906. laproplid) I'm going to shur this up so thatitdoesn't get whaevern dirgy (laughs)

907. Lypdia:And this righthere! What about this right here? [peint iPad screen tovwards Naturalist
908 and pointing with finger at a place on the screen)
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909, Natrslist: Right So thatis the flower shape, do vou think- whidh one of thosze three do you
910. think thatflowerlocked like?

911. Lydia: (taps screen) Right here.

The third segment (below) includes a conflict thadse between the children due to different péssib
trees showing up as possible mystery tree solutiomgheUS Treesapp, which meant that there was some
confusion in identifying the tree’s salient featirds a result, the Naturalist suggested the tbréleren to
“work together to see what we selected” (line 9489 guided them to look at the ‘leaf shape’ (li2®)Rin the
fourth segment. The video transcript shows thatttilelren reached a consensus about the leaf shéjeh the
Naturalist reinforced (lines 921-923). The fifthgegent shows a transition towards the branchingciire
(lines 929-932). The children chose ‘opposite’ lbaWS Treesapp after a sensory engagement with the tree on-
site and after they confirmed this observation vetith other. For example, Lydia, moved closer tongno
look at her iPad screen and asked “What did you do® 928), Figure 1. They touched and unfoldbd t
leaves to observe and feel the branching patteghawn in Figure 2. Even before the Naturalist dskem to
pull down a “branch with leaves to take a closeklo(lines 923-924), Figure 3 shows the childreteaded to
the branching structure by moving closer to the,tts holding their gaze on the leaf pattern.

919, Mamrslist: / /let's zll sort of work together to see whatwe selected (walks to and s=nds by tree).

920. [00:41:54.16] Naturalist: Let s lock first at the leaf shape (3 youth gather around treewith
921. Naturalist). What did, um,what did- let's see (leans over to lock at Greg's iFad screen). Okay!

922. Lydia: Righthere? (Naturalist locks at Emmy's screen then Lydia's)

923. Mamrslist: Uh huh Yeah! I think that, [ think yer hittin' the nail right on the head (pulls
924. down branchwith leaves for youth to take a closer lock], cuz if vou kind of unfold it, it
925. looks-itlockslikethatone! (points at Lydia's screen)

926. Lydia: Mm hmm!

927. [00:42:13.15] Naturslist: [ think that's right, ckay!

928. Lydia: (to Emmy) What did youdo? (leans over tolock at Emmy's screen)

929. Maturslist: Soo. (looks at Greg's screen) And everyone picked the opposite brandh- yeah!
§30. Wow! Good job you guys! Okay, so. so vou can see here that it ic in fact opposite hranching,
931. [helding bare branch cut and peinting towards the node) thoss two branches came right

932. outofthe same_point right there. What's the next cne? (leans over to lock at Emmy's
933. scoreen) What's the next one?

934. [00:42:33.02] Lydis: Over here?

Greg, Lydia, and Emmy used thkS Treesapp on the iPads together to support their obtervand
identification practices. Once the children verbadi their identification, the Naturalist also peuhtat the trees’
nodes to draw attention to the 3-dimensional, dctitee specimen. Here, the learners coordinated the
interactions between the sensory modes (i.e., toolbbervation) and the mobile technology, as theyed
back and forth between them. The learners’ sensepgrience involved gaze, gesture, touch, and vatich
helped the children to identify and confirm theraraing structure. The mobile app presented theliail with
specific options of branching structure, which imnt focused their attention on the scientific atped the
mystery tree. The constraint of the app channéied hoticings (Kellah, 2010; Yew & Schmidt, 201®)the
scientific knowledge that is relevant in this ldaghmoment—in keeping with mobile technology pedagthat
enables domain-specific thinking strategies andwkedge. The three children interacted with the dyita
screenthat empowered them to navigate at their own ackinterest (Thomas & Brown, 2011) and also gave
them the relevant results at the end of their eawggmt. This app’s process of dynamic assessmigatsdirom
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picking identity markers on the static paper (asibhook) and is an important learner-centeredbaitii of a
mobile computing environment for ILIs.

The sixth segment (below) began with confusion allwe leaf margin (i.e., the texture of the edge of
the leaf). Unlike the fifth segment above whereréheas a consensus about the branching structure as
‘opposite’, two of the three children, Emmy and laydvere confused about the ‘look’ of the leaf niar&ince
the field tour is happening during autumn, the oldetumn leaves have a different shape and texhae
younger summer leaves, which td& Treesapp featured. The children’s sensory experienicetbem that the
leaves were “kind of bumpy” (line 936) and the diéin confirmed their observation by alternatingalestn
feeling the leaves and rereading the options onrtbkile app. The Naturalist encouraged their cowtilon of
these sensory and technological modes, and sheconfimed Greg’s selection (line 939) when he apphed
her to show that hif)S Treeddentity “match” (line 938). The Naturalist knew that thediBaensional on-site
leaf had a time restriction that called for mangtian of a fourth dimension (i.e., time of yearheSlirected the
two confused children to consider a different ‘lookthe older autumn leaves when she said that gotten
crinkly and they are not as green anymore” (lind)9&he attended to this instance, connectingrtbe ook’
of the autumn leaves with the ‘before look’ of tienmer leaves. She said: “I think it's crinkledamul so it
looks like there's a- there's a tooth to it buttually think that it's probably smooth when thaves- actually |
can augment that too” (line 946). At this point thegmented image of the leaf is shown to the aildro that
they have a technologically accessed experientgeecsummer leaf.

936. Emmy: | think it's kind of bumpy (reaches up to touch aleaf on the tree)
937.Namralict: You think it's kind of bumpy...
938. Greg: | have one match (tilts iPad screen towards LEM)

939.[00:42:43.13] Naturalist: Ahh! [ think [smiles and nods at Greg) you might be on the right
G40, track //

941. Lydia: //It's kinda. .. [touching a leaf)

942. [00:42:48.24] Naturalict: You lmow what? [ think that, it's acually pretty smooth, [ know- you
%43. guys do have a very sharp eye looking at that, because it does, a little bit, be muse it's gotten
944. crinkly, and they're not as green anymore, [ think it's crinlded up and so it looks like there's
945. a- there's a tooth to it, but I acmally think that it's probably ancoth when the leaves-

946, acually, | can augment that, too. (Rachel laughs off camera)

947. [00:43:12.07] Natralist: Lemme show you the green leaves [(walks back o laptop on ground),
948. so we can- you don't have to take my word for it

949. Rachel; It's a little kit harder when they're old and die.

950. Namralict: Exactly [walls back to group carrying bagwith AR tags)
951. [00:43:25.23] Naturalist: (opens laptop lid) Alrght.

952. [00:43:42.02] Naturalist: Hellooo? [(moving AR tag around in front of laptop).
953. Rachel: oohh.

954. [00:43:50.05] Naturalist: 5o, what do vou think?

955. Lydia: I'm riight. (aps iPad screen)

956. Namralist: Oop!

957. Lydia: (sits up and looks at LRM]) Thic

958. [00:43:55.11] Naturalist: (singing) Technology. There we go.

959. [00:43:58.14] Naturalist: 5o whaddya think? Greg, what did you pick?
%60. Greg: | picked oval.

The transitions in the above segments illustrate mobile technology afforded a rich layering of
realities, by varying time. The support in coording sensory and technological modes and using eoted
reality to show variation over time, all contribdtéowards the collective engagement at the Arbametu
Particularly, in the seventh segment (lines 947)9@te use of AR, coupled with on-site observatiamsl

information from the app where the children themsglcompare and self-assess their own identificadi®
when Lydia exclaims “I'm riiight” (line 955) and @g identifies the leaf shape as “oval” (line 960).



Discussion

The discussion section is organized by the twonddi characteristics of theollective (Thomas & Brown,
2011) to examine the interaction between mobilénetogies and sensory semiotic modes to enableativié
engagement of learners within an informal educatiesign. We focus on two key areas of theory:atjve
engagement with the learning process and (2) accesuiltiple human and technological resources.

Active engagement with the learning process

The collective engagement of the three learnersntrtbat they each took on an active role as thélpno of
identifying the mystery tree unfolded naturally (K&, 2010). The learners’ interactions in the rapgttree
activity reflect the individuals’ learning agendagiich were encouraged by the learner-centeredydexi the
integration of the Naturalist's pedagogy with tlmmtent from the mobile computing environment. Elchner
accessed the sensory and technological semiotitiness. Sometimes the children worked individualtyile
next confirmed with their group members (line 928)le other times, they attended to their group membgrs b
looking at what they were doing but picked theirnoaption without confirmation from the peers (li888).
Throughout the activity, each learner exhibitedaative engagement not only in identifying the mggteee,
rather in making sense of the identification prabley “riddling one’s way through the mystery” (Tham&
Brown, 2010: p.9). This multimodal, collective sermaaking was seen when Emmy and Lydia were confused
about the ‘look’ of the autumn leaf margin callingkind of bumpy” (line 936). They did not confirhe US
Treesselection of the leaf margin until they were sure~ebmparing the feel of the leaves to the optiomshe
US Treesmobile app. The three children also involved theuldist in facilitating their thinking about this
particular tree’s feature. Incorporating supportsf the adults on-site showed how learners engaggdely
by utilizing all available resources to identifyetimystery tree according to their personal learriggnda,
which Thomas and Brown (2010) refer to as tinkeriithin the design of the activity, the Naturabsted as a
facilitator guiding them with their thinking procesy her talk or by introducing AR content as testbgical
semiotic resource@ines 942-946). This tinkering support becomestm@sble when Greg expressed curiosity
about the flower (line 867) since the tree had lowérs as it was autumn; here, the Naturalist ubedAR
content to access a digital photograph of the gfirive flower (lines 867-876) and fruit (lines 90019.

Moreover, the learners’ active engagement was @éfbby the structure of the mystery tree activity
which takes a manageable form as it presented liyited) the available identifying features: brammah
patterns, leaves/needles (shape, arrangement,mpdrgit elements (color), flowers (shape, coley)means of
the mobile app. Also, the repeated use of the ssimiéeatures across modes supported the learnenses
making since the children had already encountdredet ideas in the earlier part of the ArboretunreHthe
technology afforded by thdS Treesapp aids in structuring the problem such thatlees could access it in its
composite and manageable parts that were linkedh¢o children’'s prior knowledge. In keeping with
recommendations (Kahr- Hgijland, 2011; Sung et 2010) that utilized mobile technologies in engaging
activities, this channeling directed the learnatténtion to specific features of the tree’s matiyi (e.g., leaf
texture, color, shape.) so as to afford both engage with and identification of the tree. Also,ghepeated six
feature structure functioned as a pedagogical wi@reby one iPad screen became the reference fpoiatl
participants (including the Naturalist) when corgiag together from where they depart into their qwocess
of mystery-solving. Interestingly, this occurredoaints of transition from one tree feature tonleat- example:
line 934 when Lydia asked: “over here?” and all attendedhéo iPad screen. This was in response to the
Naturalist's directive of: “So, what's the next &idline 933) after they identified the branchirattern.

Accessing multiple human and technological resources

The interaction between the available semiotic ue=ss at the Arboretum allowed the three learnadsthe
Naturalist to move back and forth between the ssnswodes and technological modes. Throughout the
learners’ participation in solving the tree ideictition mystery, they do not appear to be conscimiuthe
resources used in their collective engagement—esfetheir reliance on their own sensory modes whe
observing the trees. This overlooking of their (fesis) sensory modes was also revealed in thetpost-
interviews where when the children reflected orirtegperiences mentioned only the device as thehelping
them identify the mystery tree. For example, ong beported that “I could never figure that out vaith
looking all around that app on the iPad”. Acrosk the learners, the children only noticed the rofe
technological modes in this activity. Lemke (20@8¥erts that we never make meaning with only theurees
of one semiotic system and we glide through théuarsemiotic systems in “relatively automated Waps2)
and this study reaffirms his claim that learners uarious systems but perhaps without notice. rEgy-7
above capture this pattern: the children first Ekip the features on the app [see gaze onscragme H],
then they moved closer to the tree to look at diqudar feature [see spatial move and gaze on entsee,
Figure 4 & Figure 5], next they looked at the aggians [see gaze onscreen, Figure 5] followed lighong
and feeling that feature on the tree specimen pieltimes at the Arboretum. When the children wemefused
about the leaf margin, each child not only toucbeéd leaf multiple times but the children also tedland
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observed multiple leaves on the tree for confiroratji.e., touching concreteness and confirmatiaough
sensory modes in Figure 6]. After this sensory icovdtion from the leaves at the Arboretum, the drieih
picked one option on the app [i.e., technologicaldeiapp]. This process of engagement followed éurth
confirming and getting to know what their peers daelected [see Figure 1] as illustrated when Lileren
who were not sharing an iPad were seen to go leaat confirm and check their selection such dma 928
when Lydia asked Emmy; “what did you do?” This donfng of specimens on-site and on others’ app agdwi
was a more frequent move when a tree’s identifygagures had a seasonal or time restriction (degiduous
leaves, flowers, fruits).

Kress’s (2005, 2001) and Lemke’s (2002) perspestesplain these children’s engagement patterns as
the inter-semiotic processes through which semidtinices integrate to create meaning wherein theég is
empowered to make choices of which semiotic modest The children also approached the Naturaligt w
used augmented reality (AR) to bring certain tesgdres to the children to technologically enhahedearning
experience [i.e., technological mode/AR, see Figlir& he AR materials brought a digital ‘summereirno the
Arboretum to be superimposed on the ‘autumn tiBBehging together multiple seasons allowed for mptete
identification of the mystery tree. In summaryotighout their experience at the Arboretum we hehawvn
that these three children moved smoothly back ariti from sensory to technological modes to acoessled
information to identify the tree. In the context this study’s findings, we posit this as learnestwice of
representational modes within the framework ofdbkective engagement.

Figure 6 igure 7

Figure 4 Figure

Conclusion

This exploratory study analyzed the interactionsvben various semiotic resources in the contexarof
informal educational project at the Arboretum anhfP&tate. It shows how learners move across ressuaied
modes to develop their own paths towards colleltivéentifying a mystery tree. The collective (Tham
&Brown, 2011; 2010) was much more than just thirg&oen working together; it included the childreraking

decisions about what was included in that collective., which resources and how to use them) wiimileering

through the problem. Our findings, guided by théinileg characteristics of the ‘collective’, includearners’

active engagement in utilizing human and technellgiesources. Our interaction analysis of modaiditions
revealed the visible paths and choices of semieiources that these three learners picked to sudveystery
tree problem. Technological resources used in tildyscame across as powerful semiotic modes tliatdzd

problem analysis (e.g., the interface of mobile afiending to focused features and the rich lageoiirealities
afforded by the AR content). This study adds to woderstanding of mobile technologies used as raiteg
tool within the context of informal science eduoativhen analyzed as a collective, learners takegaoof their

own learning paths as they coordinated interadhetween sensory modes (e.g., verbal, gaze, topeliah

and mobile technologies (e.g., iPads, AR).
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