
 

Using immersive augmented reality to guide families’ observations 
and visualizations of pollinator habitats in outdoor spaces 

 
Lucy R. McClain, Heather Toomey Zimmerman, Susan M. Land, Lillyanna Faimon, Yu-Chen Chiu, 

Stephanie Bowles and Charles A. Keith 
lbr118@, haz2@, sml11@, lkf5240@, yxc599@, stb5366@, cqk5548@ psu.edu 

Penn State University 
 

Abstract: Immersive AR technologies can support students’ learning processes and deep 
engagement with outdoor science pursuits, yet few studies explore these technologies with out-
of-school learners. We analyze how immersive AR features built into an outdoor-based mobile 
app shaped nine families’ learning experiences as they explored pollinator habitats. Preliminary 
findings revealed that immersive AR scanning tools built into the Pollinator Explorers app 
guided families’ observational practices of real-world objects through virtual overlays 
representing pollinator habitats. 

Introduction and conceptual framework 
Prior work on the use of immersive augmented reality (AR) technologies in outdoor spaces (i.e., hiking trails, 
schoolyards), posits that when designed using situated learning pedagogies, apps can support students’ 
engagement, learning processes, and problem-solving skills (e.g., Georgiou & Kyza, 2017). Whereas this prior 
work has mainly focused on student populations, we aim to better understand how family learning processes 
(Ellenbogen, Luke, & Dierking, 2004) are shaped by outdoor-based immersive mobile AR (MAR) technologies, 
particularly because family groups comprise the majority of visitors to informal learning sites (Bell et al., 2009).   

Eberbach and Crowley (2017) define disciplined noticing as “a critical dimension of observational 
practice and involves learning to detect the signal from the noise” (p. 24). In alignment with this prior work, we 
aim to provide families with a mobile learning experience that guides them to pick out and scientifically observe 
the different components of a pollinator habitat while being physically situated within the dynamic and complex 
space of an outdoor learning setting. With the addition of immersive MAR technologies into our mobile app 
designs, we strive to elevate these observations so that families are supported to “see the unseen” through digital 
elements overlayed onto real-world phenomenon (Zimmerman et al., 2021). As such, we ask the following 
research question: How did a learning-on-the-move app’s immersive AR features shape families’ learning 
experiences and observations of pollinators and their habitats? 
 
Methods: Context, participants, and data 
Using a design-based research methodology (Sandoval & Bell, 2014), we explore this first iteration of a learning-
on-the-move MAR app designed to foster observations of healthy pollinator habitats at a rural nature center in the 
northeast United States. The Pollinator Explorers app is focused on a specific type of pollinator—solitary bees—
and what they need to thrive in a forest and meadow habitat (where this app tour was situated). Families in our 
study used the app to tour six different stops around the outside perimeter of the nature center and collected 
evidence (through photos) of what these native bees need to live and thrive in this habitat. Two of the six tour 
stops included digital augmentation of science phenomena (i.e., bee nests inside of logs, microscopic pollen grain) 
layered over real-world objects to further families’ observations and immerse them in more deeply understanding 
bee needs and habitats. We focus here on the immersive AR design features at the log nesting tour stop. 

Nine families agreed to participate in the research (29 individuals; 14 adults, 15 youths). Families’ self-
reported racial affiliations were White (93%) and Black or African American (10%). Children (female: 47%, 
male: 27%, did not report: 27%) were primarily between the ages of 5-12 (73%). Family groups individually 
participated in the Pollinator Explorers tour for an average of 43 minutes. Families were provided with an iPad 
pre-loaded with the app, and screen-recordings were enabled throughout the duration of each family’s tour 
experience. Additionally, one individual per family donned a GoPro video camera attached to a baseball cap to 
collect audio-visual data from the perspective of the learner. We implemented video-based qualitative analysis of 
the GoPro data using an interaction analysis framework (Jordan & Henderson, 1995) to understand the families’ 
talk and gestures as they related to their experience with the first design iteration of the app. The research team 
created detailed narrative accounts of each family’s tour with the app with a focus on moments when the app 
facilitated families’ real-world observations of pollinator habitat components around them. The first author vetted 
the narrative accounts and selected to analyze families’ interactions at Stop 3 (Log Nesting Locations for Solitary 
Bees) due to the immersive nature of the AR technology embedded within the app design at this tour stop. 

ICLS2022 Proceedings 2000 © ISLS



 

  
Findings  
From an analysis of the full video dataset, 100% of families completed the immersive AR activity to visualize 
potential bee nests inside of real logs at Stop 3. This design feature aided families’ observational practices in two 
ways. First, families were guided to find an example of a potential bee nest site by locating two side-by-side logs 
nearby on the ground. After locating this real-world object, families next used the AR scanning tool in the app to 
“see” what a bee nest inside the logs would look like. In several families, we noted that affective responses (e.g., 
apprehension about a potential bee nest site) signaled immersive moments where the digital augmentation blurred 
with the real-world phenomena. In Table 1, two examples from our dataset portray the ways in which two family 
groups interacted with the immersive AR activity (bold font represents family talk related to real-world 
observations and app use; italicized font denotes our analytical interpretation of the data). 
 
Table 1  
Two Families’ Interactions with AR Technology to Support Real-World Observations of Bee Nests 

Dad Simon and sons, Peyton (12) and James (8) Mom Sharon, Dad Ryan, Nicholas (8) and Eli (2) 
Peyton: Wait. And we will scan them to learn more. 
Oh, we're here. [app supports location of bee nest 
site] I don't want to go there if there's a nest. 
[affective response signals an immersive learning 
experience: the potential for a bee’s nest in the logs 
became real through the AR scanning tool] 
Dad: Stand up here and see what it does. Scanning. 
Oh, that's cool. 
Peyton: Oh my gosh. 
Dad: Oh, so that's where the nest is? Oh, wow. 
[digital AR supports connection of science content 
with real-world observation of bee nest site] 

Mom: Oh, that’s cool. Look at that, it’s showing us 
what’s inside. Here, let’s go closer so we can look 
at the real thing.  [digital AR supports connection of 
science content with real-world observation of bee 
nest site] 
Nicholas: Is it really active right now?   
Mom: I don’t know.   
Nicholas: I’m scared it’s active. [affective response 
signals an immersive learning experience: the 
potential for a bee’s nest in the logs became real 
through the AR scanning tool] 
 

 
Discussion and implications 
Our preliminary work with the Pollinator Explorers app suggests the potential for guiding families to be more 
disciplined observers within these rich authentic learning environments (Eberbach & Crowley, 2017). We posit 
that the immersive blending of real-world phenomena with virtual augmentations—an activity previously argued 
to facilitate high school students’ learning (Georgious & Kyza, 2018)—deepened families’ scientific observations 
and awareness of surrounding bee habitats and behaviors. Future iterations of our work will expand upon these 
immersive AR experiences in different outdoor learning spaces to broaden our understanding of outdoor family 
science learning with MAR technologies. 

References 
Bell, P., Lewenstein, B., Shouse, A.W., & Feder, M.A., (Eds.) (2009). Learning science in informal environments: People, 

places, and pursuits. Washington, D.C.: National Academies Press.  
Eberbach, C., & Crowley, K. (2017). From seeing to observing: How parents and children learn to see science in a botanical 

garden. Journal of the Learning Sciences, 26(4), 608-642. 
Ellenbogen, K. M., Luke, J. J., & Dierking, L. D. (2004). Family learning research in museums: An emerging disciplinary 

matrix? Science Education, 88(S1), S48–S58. https://doi.org/10.1002/sce.20015 
Georgiou, Y., & Kyza, E. A. (2018). Relations between student motivation, immersion and learning outcomes in location-

based augmented reality settings. Computers in Human Behavior, 89, 173-181. 
Jordan, B., & Henderson, A. (1995). Interaction analysis: Foundations and practice. Journal of the Learning Sciences, 4(1), 

39–103. https://doi.org/10.1207/s15327809jls0401_2 
Sandoval, W. A., & Bell, P. (2004). Design-based research methods for studying learning in context: Introduction. Educational 

Psychologist, 39(4), 199–201. https://doi.org/10.1207/s15326985ep3904 
Zimmerman H. T., Land S. M., Grills, K., Chiu, Y.-C., Faimon, L., McClain. L. R., Williams, J. (2021). Mobile Augmented 

Reality in the Backyard: Families’ Outdoor Spaces as Sites of Exploration about Pollinators. The International Society 
of the Learning Sciences. 

Acknowledgements 
Thanks to our development team of Nick Rossi, Mitch Lang, and Brad Kozlek. This project was made possible 
in part by the National Science Foundation, grant #1811424. The views, findings, conclusions, or 
recommendations expressed in this article do not necessarily represent those of the National Science Foundation.  

ICLS2022 Proceedings 2001 © ISLS


	00_Cover
	01_1_TOP
	01_2_TOP
	02_PREFACE
	03_Acknowledgments
	04_Table of Contents
	05_Long Papers
	COVER
	Paper 1
	Paper 6
	Paper 8
	Paper 23
	Paper 39
	Paper 51
	Paper 64
	Paper 66
	Paper 76
	Paper 82
	Paper 86
	Paper 95
	Paper 128
	Paper 135
	Paper 142
	Paper 151
	Paper 157
	Paper 171
	Paper 172
	Paper 173
	Paper 179
	Paper 200
	Paper 205
	Paper 234
	Paper 235
	Paper 238
	Paper 248
	Paper 251
	Paper 263
	Paper 266
	Paper 284
	Paper 299
	Paper 303
	Paper 329
	Paper 339
	Paper 344
	Paper 367
	Paper 368
	Paper 394
	Paper 398
	Paper 406
	Paper 408
	Paper 420
	Paper 422
	Paper 437
	Paper 447
	Paper 463
	Paper 464
	Paper 466
	Paper 471
	Paper 473
	Paper 477
	Paper 478
	Paper 499
	Paper 515
	Paper 527
	Paper 530
	Paper 535
	Paper 542
	Paper 543
	Paper 544
	Paper 558
	Paper 565
	Paper 576
	Paper 584
	Paper 593
	Paper 595
	Paper 597
	Paper 599
	Paper 603
	Paper 613
	Paper 614
	Paper 627
	Paper 631
	Paper 661
	Paper 678
	Paper 686
	Paper 689
	Paper 692
	Paper 693
	Paper 694
	Paper 696
	Paper 700
	Paper 704
	Paper 707
	Paper 710
	Paper 711
	Paper 712
	Paper 714
	Paper 716
	Paper 727
	Paper 728
	Paper 739
	Paper 747
	Paper 760
	Paper 795
	Paper 823
	Paper 826
	Paper 842
	Paper 867
	Paper 870
	Paper 872
	Paper 877
	Paper 884
	Paper 888
	Paper 890
	Paper 898
	Paper 916
	Paper 923
	Paper 938

	06_Short papers
	COVER
	Paper 10
	Paper 14
	Paper 15
	Paper 19
	Paper 31
	Paper 41
	Paper 43
	Paper 58
	Paper 60
	Paper 68
	Paper 69
	Paper 73
	Paper 81
	Paper 85
	Paper 88
	Paper 90
	Paper 98
	Paper 102
	Paper 107
	Paper 118
	Paper 119
	Paper 123
	Paper 149
	Paper 159
	Paper 161
	Paper 162
	Paper 174
	Paper 175
	Paper 176
	Paper 185
	Paper 188
	Paper 193
	Paper 202
	Paper 203
	Paper 204
	Paper 217
	Paper 224
	Paper 225
	Paper 226
	Paper 227
	Paper 237
	Paper 239
	Paper 260
	Paper 264
	Paper 269
	Paper 276
	Paper 278
	Paper 283
	Paper 304
	Paper 308
	Paper 312
	Paper 317
	Paper 319
	Paper 328
	Paper 334
	Paper 341
	Paper 342
	Paper 347
	Paper 352
	Paper 353
	Paper 355
	Paper 357
	Paper 361
	Paper 370
	Paper 375
	Paper 381
	Paper 384
	Paper 389
	Paper 390
	Paper 400
	Paper 402
	Paper 414
	Paper 415
	Paper 417
	Paper 423
	Paper 425
	Paper 429
	Paper 446
	Paper 457
	Paper 460
	Paper 467
	Paper 469
	Paper 475
	Paper 479
	Paper 481
	Paper 483
	Paper 484
	Paper 488
	Paper 490
	Paper 497
	Paper 500
	Paper 507
	Paper 508
	Paper 509
	Paper 510
	Paper 511
	Paper 513
	Paper 516
	Paper 518
	Paper 531
	Paper 537
	Paper 545
	Paper 546
	Paper 547
	Paper 550
	Paper 551
	Paper 555
	Paper 560
	Paper 561
	Paper 562
	Paper 567
	Paper 571
	Paper 572
	Paper 574
	Paper 575
	Paper 589
	Paper 590
	Paper 600
	Paper 605
	Paper 607
	Paper 609
	Paper 611
	Paper 621
	Paper 625
	Paper 630
	Paper 634
	Paper 635
	Paper 638
	Paper 646
	Paper 648
	Paper 650
	Paper 653
	Paper 668
	Paper 676
	Paper 680
	Paper 683
	Paper 684
	Paper 715
	Paper 719
	Paper 720
	Paper 722
	Paper 723
	Paper 724
	Paper 726
	Paper 733
	Paper 734
	Paper 741
	Paper 742
	Paper 751
	Paper 758
	Paper 759
	Paper 763
	Paper 764
	Paper 768
	Paper 771
	Paper 778
	Paper 779
	Paper 781
	Paper 782
	Paper 783
	Paper 787
	Paper 788
	Paper 796
	Paper 803
	Paper 805
	Paper 806
	Paper 809
	Paper 810
	Paper 819
	Paper 820
	Paper 821
	Paper 822
	Paper 824
	Paper 827
	Paper 828
	Paper 830
	Paper 834
	Paper 836
	Paper 837
	Paper 846
	Paper 863
	Paper 868
	Paper 874
	Paper 885
	Paper 889
	Paper 891
	Paper 893
	Paper 896
	Paper 897
	Paper 900
	Paper 901
	Paper 902
	Paper 903
	Paper 905
	Paper 913
	Paper 920
	Paper 921
	Paper 932
	Paper 935
	Paper 939

	07_Symposia
	COVER
	Paper 108
	Paper 208
	Paper 240
	Paper 358
	Paper 373
	Paper 374
	Paper 401
	Paper 436
	Paper 445
	Paper 493
	Paper 586
	Paper 588
	Paper 628
	Paper 756
	Paper 762
	Paper 817
	Paper 873

	08_Posters
	COVER
	Paper 17
	Paper 18
	Paper 21
	Paper 22
	Paper 24
	Paper 25
	Paper 26
	Paper 28
	Paper 36
	Paper 37
	Paper 46
	Paper 47
	Paper 48
	Paper 52
	Paper 56
	Paper 57
	Paper 61
	Paper 71
	Paper 77
	Paper 89
	Paper 96
	Paper 106
	Paper 115
	Paper 120
	Paper 121
	Paper 129
	Paper 130
	Paper 139
	Paper 141
	Paper 144
	Paper 146
	Paper 152
	Paper 158
	Paper 163
	Paper 169
	Paper 170
	Paper 177
	Paper 178
	Paper 189
	Paper 190
	Paper 195
	Paper 196
	Paper 198
	Paper 214
	Paper 218
	Paper 220
	Paper 222
	Paper 223
	Paper 228
	Paper 229
	Paper 245
	Paper 247
	Paper 254
	Paper 256
	Paper 257
	Paper 259
	Paper 267
	Paper 272
	Paper 274
	Paper 281
	Paper 287
	Paper 288
	Paper 295
	Paper 296
	Paper 297
	Paper 300
	Paper 307
	Paper 310
	Paper 320
	Paper 321
	Paper 327
	Paper 331
	Paper 338
	Paper 340
	Paper 351
	Paper 354
	Paper 359
	Paper 372
	Paper 377
	Paper 380
	Paper 385
	Paper 386
	Paper 391
	Paper 392
	Paper 393
	Paper 395
	Paper 399
	Paper 403
	Paper 404
	Paper 412
	Paper 418
	Paper 419
	Paper 431
	Paper 433
	Paper 438
	Paper 442
	Paper 444
	Paper 449
	Paper 455
	Paper 458
	Paper 465
	Paper 472
	Paper 474
	Paper 489
	Paper 498
	Paper 502
	Paper 505
	Paper 512
	Paper 514
	Paper 517
	Paper 521
	Paper 523
	Paper 528
	Paper 533
	Paper 536
	Paper 541
	Paper 548
	Paper 549
	Paper 552
	Paper 553
	Paper 556
	Paper 559
	Paper 563
	Paper 568
	Paper 570
	Paper 573
	Paper 579
	Paper 582
	Paper 587
	Paper 591
	Paper 592
	Paper 598
	Paper 604
	Paper 606
	Paper 612
	Paper 619
	Paper 623
	Paper 632
	Paper 633
	Paper 637
	Paper 644
	Paper 645
	Paper 649
	Paper 651
	Paper 671
	Paper 672
	Paper 679
	Paper 685
	Paper 690
	Paper 695
	Paper 697
	Paper 698
	Paper 702
	Paper 703
	Paper 705
	Paper 706
	Paper 713
	Paper 717
	Paper 731
	Paper 736
	Paper 745
	Paper 746
	Paper 748
	Paper 757
	Paper 761
	Paper 770
	Paper 774
	Paper 775
	Paper 776
	Paper 789
	Paper 793
	Paper 799
	Paper 832
	Paper 835
	Paper 838
	Paper 844
	Paper 845
	Paper 848
	Paper 850
	Paper 861
	Paper 865
	Paper 871
	Paper 875
	Paper 881
	Paper 887
	Paper 899
	Paper 906
	Paper 907
	Paper 909
	Paper 918
	Paper 922
	Paper 925
	Paper 926
	Paper 928
	Paper 930
	Paper 931
	Paper 936

	09_Author-index
	10_ISLS A4 Flyer_blue background

