

https://www.frontiersin.org/journals/communication
https://www.frontiersin.org/research-topics/21524/remote-online-language-assessment-eliciting-discourse-from-children-and-adults
https://www.frontiersin.org/research-topics/21524/remote-online-language-assessment-eliciting-discourse-from-children-and-adults
https://www.frontiersin.org/research-topics/21524/remote-online-language-assessment-eliciting-discourse-from-children-and-adults
https://www.frontiersin.org/research-topics/21524/remote-online-language-assessment-eliciting-discourse-from-children-and-adults
https://www.frontiersin.org/journals/psychology



https://www.frontiersin.org/journals/communication
https://www.frontiersin.org/
https://www.frontiersin.org/about/contact
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/



https://www.frontiersin.org/journals/communication
https://www.frontiersin.org/
http://doi.org/10.3389/978-2-8325-5142-4



https://www.frontiersin.org/journals/communication
https://www.frontiersin.org/






https://www.frontiersin.org/journals/communication
https://www.frontiersin.org/journals/communication#editorial-board
https://www.frontiersin.org/journals/communication#editorial-board
https://www.frontiersin.org/journals/communication#editorial-board
https://www.frontiersin.org/journals/communication#editorial-board
https://doi.org/10.3389/fcomm.2024.1463182
http://crossmark.crossref.org/dialog/?doi=10.3389/fcomm.2024.1463182&domain=pdf&date_stamp=2024-08-01
mailto:wenchunyang@xjtu.edu.cn
mailto:angel.ws.chan@polyu.edu.hk
mailto:gagarina@leibniz-zas.de
https://doi.org/10.3389/fcomm.2024.1463182
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fcomm.2024.1463182/full
https://www.frontiersin.org/research-topics/21524/remote-online-language-assessment-eliciting-discourse-from-children-and-adults/magazine
https://www.frontiersin.org/journals/communication
https://www.frontiersin.org



https://doi.org/10.3389/fcomm.2024.1463182
https://doi.org/10.3389/fcomm.2022.820564
https://doi.org/10.3389/fcomm.2022.798143
https://doi.org/10.3389/fcomm.2023.919617
https://doi.org/10.3389/fcomm.2022.841543
https://doi.org/10.3389/fcomm.2022.798143
https://doi.org/10.3389/fcomm.2023.919617
https://doi.org/10.3389/fpsyg.2023.989499
https://doi.org/10.3389/fcomm.2023.919617
https://doi.org/10.3389/fpsyg.2023.989499
https://doi.org/10.3389/fpsyg.2022.797602
https://doi.org/10.3389/fcomm.2022.798196
https://doi.org/10.3389/fcomm.2022.820564
https://www.frontiersin.org/journals/communication
https://www.frontiersin.org



https://doi.org/10.3389/fcomm.2024.1463182
https://doi.org/10.3389/fpsyg.2022.832831
https://doi.org/10.3389/fcomm.2022.841543
https://doi.org/10.3389/fpsyg.2022.897031
https://doi.org/10.3389/fpsyg.2022.916214
https://www.frontiersin.org/journals/communication
https://www.frontiersin.org



https://www.frontiersin.org/journals/communication
https://www.frontiersin.org/journals/communication#editorial-board
https://www.frontiersin.org/journals/communication#editorial-board
https://www.frontiersin.org/journals/communication#editorial-board
https://www.frontiersin.org/journals/communication#editorial-board
https://doi.org/10.3389/fcomm.2022.798143
http://crossmark.crossref.org/dialog/?doi=10.3389/fcomm.2022.798143&domain=pdf&date_stamp=2022-05-03
https://www.frontiersin.org/journals/communication
https://www.frontiersin.org
https://www.frontiersin.org/journals/communication#articles
https://creativecommons.org/licenses/by/4.0/
mailto:petra.jaecks@uni-bielefeld.de
https://doi.org/10.3389/fcomm.2022.798143
https://www.frontiersin.org/articles/10.3389/fcomm.2022.798143/full



https://www.frontiersin.org/journals/communication
https://www.frontiersin.org
https://www.frontiersin.org/journals/communication#articles



https://www.frontiersin.org/journals/communication
https://www.frontiersin.org
https://www.frontiersin.org/journals/communication#articles



https://doi.org/10.3109/13682820902936425
https://www.bmfsfj.de/blob/jump/159704/achter-altersbericht-aeltere-menschen-und-digitalisierung-data.pdf
https://www.bmfsfj.de/blob/jump/159704/achter-altersbericht-aeltere-menschen-und-digitalisierung-data.pdf
https://www.bmfsfj.de/blob/jump/159704/achter-altersbericht-aeltere-menschen-und-digitalisierung-data.pdf
https://doi.org/10.1055/b-004-129736
https://doi.org/10.1093/brain/aww029
https://doi.org/10.1080/02687038.2014.945389
https://doi.org/10.1080/02687038.2016.1239013
https://doi.org/10.1037/0033-295X.100.4.589
https://doi.org/10.1310/tsr1806-758
https://doi.org/10.5772/intechopen.69894
https://doi.org/10.1080/02699050601049692
https://doi.org/10.1080/0163853X.2014.977696
https://doi.org/10.1080/02687038.2020.1712585
https://doi.org/10.1037/t15168-000
https://doi.org/10.1017/S0272263119000093
https://doi.org/10.1097/WCO.0b013e3283168dc7
https://www.frontiersin.org/journals/communication
https://www.frontiersin.org
https://www.frontiersin.org/journals/communication#articles



https://doi.org/10.1371/journal.pone.0239715
https://doi.org/10.1017/S0267190519000072
https://doi.org/10.1080/02699200410001698652
https://doi.org/10.1016/j.jcomdis.2019.01.003
https://doi.org/10.1044/2017_AJSLP-16-0200
https://doi.org/10.1080/02687038.2019.1686743
https://doi.org/10.1093/oxfordhb/9780199772391.013.12
https://doi.org/10.1371/journal.pone.0194143
https://doi.org/10.1007/978-3-030-53360-1
https://doi.org/10.1007/978-3-658-18859-7_4
https://doi.org/10.1080/14737175.2020.1855976
https://doi.org/10.1080/13803390600611351
https://doi.org/10.1044/2021_JSLHR-20-00708
https://doi.org/10.1080/02699052.2018.1531304
https://doi.org/10.3390/app11198872
https://publicadministration.un.org/en/ict4d
https://doi.org/10.3389/fpsyg.2016.01617
https://doi.org/10.1044/2019_PERSP-19-00146
https://doi.org/10.1186/s41155-020-00148-7
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/communication
https://www.frontiersin.org
https://www.frontiersin.org/journals/communication#articles



https://www.frontiersin.org/journals/communication
https://www.frontiersin.org/journals/communication#editorial-board
https://www.frontiersin.org/journals/communication#editorial-board
https://www.frontiersin.org/journals/communication#editorial-board
https://www.frontiersin.org/journals/communication#editorial-board
https://doi.org/10.3389/fcomm.2022.820564
http://crossmark.crossref.org/dialog/?doi=10.3389/fcomm.2022.820564&domain=pdf&date_stamp=2022-05-10
https://www.frontiersin.org/journals/communication
https://www.frontiersin.org
https://www.frontiersin.org/journals/communication#articles
https://creativecommons.org/licenses/by/4.0/
mailto:lbutlert@bu.edu
https://doi.org/10.3389/fcomm.2022.820564
https://www.frontiersin.org/articles/10.3389/fcomm.2022.820564/full



https://www.frontiersin.org/journals/communication
https://www.frontiersin.org
https://www.frontiersin.org/journals/communication#articles



https://www.frontiersin.org/journals/communication
https://www.frontiersin.org
https://www.frontiersin.org/journals/communication#articles



https://www.frontiersin.org/journals/communication
https://www.frontiersin.org
https://www.frontiersin.org/journals/communication#articles



https://www.frontiersin.org/journals/communication
https://www.frontiersin.org
https://www.frontiersin.org/journals/communication#articles



https://www.frontiersin.org/journals/communication
https://www.frontiersin.org
https://www.frontiersin.org/journals/communication#articles



https://www.frontiersin.org/journals/communication
https://www.frontiersin.org
https://www.frontiersin.org/journals/communication#articles



https://www.frontiersin.org/journals/communication
https://www.frontiersin.org
https://www.frontiersin.org/journals/communication#articles



https://www.frontiersin.org/journals/communication
https://www.frontiersin.org
https://www.frontiersin.org/journals/communication#articles



https://www.frontiersin.org/articles/10.3389/fcomm.2022.820564/full#supplementary-material
https://doi.org/10.1007/s10803-012-1520-1
https://doi.org/10.1111/cdev.12973
https://https://data.census.gov/cedsci/table?q=smartphoneandtid=ACSST1Y2019.S2801
https://doi.org/10.1007/BF00706120
https://doi.org/10.1002/aur.2380
https://doi.org/10.1007/s10803-018-3628-4
https://doi.org/10.1111/j.2044-835X.1987.tb01049.x
https://doi.org/10.3389/fpsyg.2016.01829
https://doi.org/10.1016/j.jcomdis.2013.09.003
https://doi.org/10.1044/lle17.1.9
https://doi.org/10.1057/s41271-021-00287-w
https://doi.org/10.1044/jshr.3502.343
https://doi.org/10.1016/j.neuron.2018.01.015
https://doi.org/10.1007/s10803-021-05218-y
https://doi.org/10.1002/aur.1766
https://doi.org/10.1177/1362361312469269
https://doi.org/10.1044/2019_AJSLP-19-00003
https://www.lena.org/wp-content/uploads/2016/07/LTR-04-2_ITS_File.pdf
https://www.lena.org/wp-content/uploads/2016/07/LTR-04-2_ITS_File.pdf
https://doi.org/10.1016/j.jbi.2019.103208
https://doi.org/10.1016/j.jbi.2008.08.010
https://doi.org/10.1177/2396941520912118
https://doi.org/10.1007/BF01046221
https://doi.org/10.1002/aur.2071
https://www.frontiersin.org/journals/communication
https://www.frontiersin.org
https://www.frontiersin.org/journals/communication#articles



https://doi.org/10.1007/s10803-010-0955-5
https://doi.org/10.1037/0022-006X.76.1.125
https://doi.org/10.1111/j.1365-2788.2010.01255.x
https://doi.org/10.1044/2014_JSLHR-L-13-0330
https://doi.org/10.1007/s10803-020-04421-7
https://doi.org/10.1023/A:1026095910558
https://doi.org/10.1177/105381519301700206
https://doi.org/10.1044/2020_JSLHR-20-00202
https://doi.org/10.1177/1362361310366315
https://doi.org/10.1111/j.1469-7610.1986.tb00190.x
https://doi.org/10.1007/s10803-021-04904-1
https://doi.org/10.1044/2019_JSLHR-19-00153
https://doi.org/10.1007/s10803-015-2407-8
https://doi.org/10.1111/1540-5834.00010
https://doi.org/10.1044/2015_AJSLP-14-0166
https://doi.org/10.1111/j.1469-7610.1991.tb00353.x
https://doi.org/10.1017/S0305000900010898
https://doi.org/10.1002/aur.1329
https://doi.org/10.1044/1092-4388(2009/08-0136)
https://doi.org/10.1002/aur.2615
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/communication
https://www.frontiersin.org
https://www.frontiersin.org/journals/communication#articles



https://www.frontiersin.org/journals/communication
https://www.frontiersin.org/journals/communication#editorial-board
https://www.frontiersin.org/journals/communication#editorial-board
https://www.frontiersin.org/journals/communication#editorial-board
https://www.frontiersin.org/journals/communication#editorial-board
https://doi.org/10.3389/fcomm.2022.798196
http://crossmark.crossref.org/dialog/?doi=10.3389/fcomm.2022.798196&domain=pdf&date_stamp=2022-07-22
mailto:diana.burchell@mail.utoronto.ca
https://doi.org/10.3389/fcomm.2022.798196
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fcomm.2022.798196/full
https://www.frontiersin.org/journals/communication
https://www.frontiersin.org



https://doi.org/10.3389/fcomm.2022.798196
https://www.frontiersin.org/journals/communication
https://www.frontiersin.org



https://doi.org/10.3389/fcomm.2022.798196
https://www.frontiersin.org/journals/communication
https://www.frontiersin.org



https://doi.org/10.3389/fcomm.2022.798196
https://www.frontiersin.org/journals/communication
https://www.frontiersin.org



https://doi.org/10.3389/fcomm.2022.798196
https://www.frontiersin.org/journals/communication
https://www.frontiersin.org



https://doi.org/10.3389/fcomm.2022.798196
https://www.frontiersin.org/journals/communication
https://www.frontiersin.org



https://doi.org/10.3389/fcomm.2022.798196
https://www.frontiersin.org/journals/communication
https://www.frontiersin.org



https://doi.org/10.3389/fcomm.2022.798196
https://www.frontiersin.org/journals/communication
https://www.frontiersin.org



https://doi.org/10.3389/fcomm.2022.798196
https://www.frontiersin.org/journals/communication
https://www.frontiersin.org



https://doi.org/10.3389/fcomm.2022.798196
https://www.frontiersin.org/journals/communication
https://www.frontiersin.org



https://doi.org/10.3389/fcomm.2022.798196
https://www.frontiersin.org/journals/communication
https://www.frontiersin.org



https://doi.org/10.3389/fcomm.2022.798196
https://doi.org/10.1080/01638530709336894
https://www.frontiersin.org/journals/communication
https://www.frontiersin.org



https://doi.org/10.3389/fcomm.2022.798196
https://doi.org/10.1044/2019_JSLHR-H-19-0183
https://doi.org/10.1037/e584752012-090
https://doi.org/10.1037/amp0000661
https://doi.org/10.1044/jslhr.4102.433
https://doi.org/10.21832/9781853596346-009
https://doi.org/10.1007/s11125-020-09475-0
https://doi.org/10.1037/t15145-000
https://doi.org/10.1037/t15144-000
https://doi.org/10.1080/01638538509544613
https://doi.org/10.1044/1058-0360(2001/028)
https://doi.org/10.1080/02699200802221737
https://doi.org/10.1089/tmj.2020.0223
https://doi.org/10.1044/0161-1461.3001.68
https://doi.org/10.1044/2014_LSHSS-13-0050
https://doi.org/10.1044/0161-1461(2009/08-0075)
https://www.ibm.com/docs/ro/spss-statistics/25.0.0?topic=statistics-bayesian-independent-sample-inference#fnsrc_1
https://www.ibm.com/docs/ro/spss-statistics/25.0.0?topic=statistics-bayesian-independent-sample-inference#fnsrc_1
https://doi.org/10.12669/pjms.36.COVID19-S4.2759
https://doi.org/10.1177/0165025414533224
https://doi.org/10.1044/2016_LSHSS-15-0029
https://doi.org/10.3389/fpsyg.2021.565516
https://doi.org/10.1080/02699200701669945
https://doi.org/10.1080/2050571X.2021.1976550
https://doi.org/10.1044/aac23.1.34
https://Merriam-Webster.com
https://www.merriam-webster.com/dictionary/discourse
https://doi.org/10.1111/j.1540-5826.2006.00205.x
https://doi.org/10.1044/1092-4388(2009/08-0094)
https://doi.org/10.1044/1092-4388(2013/13-0097)
https://doi.org/10.1044/1092-4388(2005/073)
https://doi.org/10.1044/1058-0360(2007/022)
https://doi.org/10.1044/lle17.3.100
https://doi.org/10.7334/psicothema2020.287
http://sersc.org/journals/index.php/IJAST/article/view/13867
http://sersc.org/journals/index.php/IJAST/article/view/13867
https://globaled.gse.harvard.edu/files/geii/files/supporting_the_continuation_of_teaching.pdf
https://globaled.gse.harvard.edu/files/geii/files/supporting_the_continuation_of_teaching.pdf
https://www.frontiersin.org/journals/communication
https://www.frontiersin.org



https://doi.org/10.3389/fcomm.2022.798196
https://doi.org/10.1044/1092-4388(2009/08-0183)
http://www.rehabmed.ualberta.ca/spa/enni/
http://www.rehabmed.ualberta.ca/spa/enni/
https://doi.org/10.1007/s10643-005-0024-4
https://doi.org/10.1177/1357633X14552388
https://doi.org/10.3758/s13423-020-01798-5
https://doi.org/10.1075/sibil.23
https://doi.org/10.3109/02699206.2013.802016
https://doi.org/10.1177/0142723719888372
https://www.frontiersin.org/journals/communication
https://www.frontiersin.org



https://doi.org/10.3389/fcomm.2022.798196
https://www.frontiersin.org/journals/communication
https://www.frontiersin.org



https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://doi.org/10.3389/fpsyg.2022.916214
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyg.2022.916214&domain=pdf&date_stamp=2022-07-26
mailto:stanislava.antonijevic@nuigalway.ie
https://doi.org/10.3389/fpsyg.2022.916214
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fpsyg.2022.916214/full
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org



https://doi.org/10.3389/fpsyg.2022.916214
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org



https://doi.org/10.3389/fpsyg.2022.916214
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org



https://doi.org/10.3389/fpsyg.2022.916214
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org



https://doi.org/10.3389/fpsyg.2022.916214
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org



https://doi.org/10.3389/fpsyg.2022.916214
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org



https://doi.org/10.3389/fpsyg.2022.916214
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org



https://doi.org/10.3389/fpsyg.2022.916214
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org



https://doi.org/10.3389/fpsyg.2022.916214
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org



https://doi.org/10.3389/fpsyg.2022.916214
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org



https://doi.org/10.3389/fpsyg.2022.916214
https://www.frontiersin.org/articles/10.3389/fpsyg.2022.916214/full#supplementary-material
https://doi.org/10.1075/lab.15026.ant
https://doi.org/10.1017/S0305000919000734
https://doi.org/10.1016/j.ridd.2016.05.001
https://doi.org/10.1111/1460-6984.12234
https://doi.org/10.1017/S0142716415000405
https://doi.org/10.3102/00346543049002222
https://doi.org/10.1044/0161-1461(2004/023)
https://doi.org/10.3390/languages6010055
https://doi.org/10.3389/fpsyg.2014.00469
https://doi.org/10.1017/S0142716415000430
https://doi.org/10.21248/zaspil.62.2019.449
https://doi.org/10.1044/1058-0360(2009/08-0024)
https://doi.org/10.1177/1367006914534330
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org



https://doi.org/10.3389/fpsyg.2022.916214
https://doi.org/10.1017/S0142716415000454
https://doi.org/10.1177/0142723719844089
https://doi.org/10.1044/1092-4388(2007/067)
https://doi.org/10.1080/02699206.2018.1542742
https://doi.org/10.1080/09500782.2018.1523922
https://doi.org/10.3390/languages6010033
https://doi.org/10.1044/0161-1461(2005/012)
https://doi.org/10.21248/zaspil.56.2019.414
https://doi.org/10.21248/zaspil.64.2020.565
https://doi.org/10.1080/13670050.2018.1434124
https://doi.org/10.1044/2014_JSLHR-L-13-0151
https://doi.org/10.1044/2022_LSHSS-22-00007
https://doi.org/10.1017/S0142716415000387
https://doi.org/10.1044/2021_LSHSS-21-00070
https://doi.org/10.1017/S0142716415000417
https://doi.org/10.1177/1367006916643528
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org



https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyg.2022.897031%EF%BB%BF&domain=pdf&date_stamp=2022-09-29
https://www.frontiersin.org/articles/10.3389/fpsyg.2022.897031/full
https://www.frontiersin.org/articles/10.3389/fpsyg.2022.897031/full
https://www.frontiersin.org/articles/10.3389/fpsyg.2022.897031/full
https://www.frontiersin.org/articles/10.3389/fpsyg.2022.897031/full
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://doi.org/10.3389/fpsyg.2022.897031
mailto:jiangling.zhou@cuhk.edu.hk
https://doi.org/10.3389/fpsyg.2022.897031
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/



https://doi.org/10.3389/fpsyg.2022.897031
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org



https://doi.org/10.3389/fpsyg.2022.897031
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org



https://doi.org/10.3389/fpsyg.2022.897031
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org



https://doi.org/10.3389/fpsyg.2022.897031
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org



https://doi.org/10.3389/fpsyg.2022.897031
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org



https://doi.org/10.3389/fpsyg.2022.897031
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org



https://doi.org/10.3389/fpsyg.2022.897031
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org



https://doi.org/10.3389/fpsyg.2022.897031
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org



https://doi.org/10.3389/fpsyg.2022.897031
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org



https://doi.org/10.3389/fpsyg.2022.897031
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org



https://doi.org/10.3389/fpsyg.2022.897031
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org



https://doi.org/10.3389/fpsyg.2022.897031
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org



https://doi.org/10.3389/fpsyg.2022.897031
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org



https://doi.org/10.3389/fpsyg.2022.897031
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org



https://doi.org/10.3389/fpsyg.2022.897031
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org



https://doi.org/10.3389/fpsyg.2022.897031
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org



https://doi.org/10.3389/fpsyg.2022.897031
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org



https://doi.org/10.3389/fpsyg.2022.897031
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org



https://doi.org/10.3389/fpsyg.2022.897031
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpsyg.2022.897031/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyg.2022.897031/full#supplementary-material
https://doi.org/10.1017/S030500091400049X
https://doi.org/10.1177/0265659016654206
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.1007/s11049-007-9026-9
https://doi.org/10.1016/j.jecp.2014.06.007
https://doi.org/10.1515/ling.2004.42.6.1129
https://doi.org/10.1177/0265659012459527
https://doi.org/10.3390/languages5020014
https://doi.org/10.1162/002438999554192
https://doi.org/10.1177/0142723714522164
https://doi.org/10.1177/1525740114523311
https://doi.org/10.1111/j.1469-7610.2010.02265.x
https://doi.org/10.21832/9781853598715-003
https://doi.org/10.21832/9781853598715-003
https://doi.org/10.21248/zaspil.56.2019.414
https://doi.org/10.21248/zaspil.63.2019.516
https://doi.org/10.1080/21622965.2014.1002923
https://doi.org/10.1111/2041-210X.12504
https://doi.org/10.2307/416535
https://doi.org/10.3389/fpsyg.2016.00506
https://doi.org/10.3389/fpsyg.2016.00506
https://doi.org/10.1017/S0305000999003785



https://doi.org/10.3389/fpsyg.2022.897031
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1017/S0305000900008965
https://doi.org/10.1017/S0305000900008965
https://doi.org/10.1515/ling.1990.28.6.1167
https://doi.org/10.1177/1357633X18776095
https://doi.org/10.1017/S030500091900028X
https://doi.org/10.1017/S1366728900000353
https://doi.org/10.1017/S1366728917000098
https://doi.org/10.1017/S1366728917000098
https://doi.org/10.1017/S1366728914000728
https://doi.org/10.1017/S1366728914000728
https://doi.org/10.1177/014272379201203405
https://doi.org/10.1044/2021_AJSLP-20-00276
https://doi.org/10.1016/j.jesp.2009.12.019
https://doi.org/10.1177/0142723719897440
https://doi.org/10.1075/lab.16040.mai
https://doi.org/10.1075/lab.18025.mai
https://doi.org/10.1016/j.cortex.2014.05.016
https://doi.org/10.1006/cogp.1999.0734
https://doi.org/10.1016/j.jecp.2012.09.002
https://doi.org/10.1016/j.cognition.2007.07.010
https://doi.org/10.1016/j.adolescence.2017.01.004
https://doi.org/10.1016/j.cogpsych.2008.07.002
https://doi.org/10.1080/09297049.2018.1531981
https://doi.org/10.1080/13670050.2018.1434124
https://doi.org/10.1017/S136672891600033X
https://doi.org/10.1017/S0305000903005609
https://doi.org/10.1017/S014271640707021X
https://doi.org/10.1111/j.1469-7610.1996.tb01380.x
https://doi.org/10.1111/j.1469-7610.1996.tb01380.x
https://doi.org/10.1017/S1366728915000322
https://www.jstor.org/stable/24599616
http://www.R-project.org/
http://www.R-project.org/
https://doi.org/10.1177/0142723717739198
https://doi.org/10.1016/j.pragma.2006.10.001
https://doi.org/10.1016/j.pragma.2006.10.001
https://doi.org/10.1017/S1366728918000962
https://doi.org/10.1044/2019_JSLHR-19-00087
https://www.singstat.gov.sg/-/media/files/publications/cop2020/sr1/cop2020sr1.pdf
https://www.singstat.gov.sg/-/media/files/publications/cop2020/sr1/cop2020sr1.pdf
https://doi.org/10.1191/0267658306sr271oa
https://doi.org/10.1016/j.lingua.2008.09.008
https://doi.org/10.1017/S0142716408090048



https://doi.org/10.3389/fpsyg.2022.897031
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1017/S1366728920000826
https://doi.org/10.1017/S1366728920000826
https://doi.org/10.1017/S1366728912000284
https://doi.org/10.1037/h0100201
https://doi.org/10.1016/j.jecp.2016.05.016
https://doi.org/10.1044/2021_LSHSS-20-00149
https://doi.org/10.1017/s030500090400604x
https://doi.org/10.1017/S1366728920000231
https://doi.org/10.1353/jcl.2021.0012
https://doi.org/10.1353/jcl.2021.0012



https://www.frontiersin.org/journals/communication
https://www.frontiersin.org/journals/communication#editorial-board
https://www.frontiersin.org/journals/communication#editorial-board
https://www.frontiersin.org/journals/communication#editorial-board
https://www.frontiersin.org/journals/communication#editorial-board
https://doi.org/10.3389/fcomm.2022.841543
http://crossmark.crossref.org/dialog/?doi=10.3389/fcomm.2022.841543&domain=pdf&date_stamp=2022-10-10
mailto:elisa.mattiauda.18@ucl.ac.uk
https://doi.org/10.3389/fcomm.2022.841543
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fcomm.2022.841543/full
https://www.frontiersin.org/journals/communication
https://www.frontiersin.org



https://doi.org/10.3389/fcomm.2022.841543
https://www.frontiersin.org/journals/communication
https://www.frontiersin.org



https://doi.org/10.3389/fcomm.2022.841543
https://www.frontiersin.org/journals/communication
https://www.frontiersin.org



https://doi.org/10.3389/fcomm.2022.841543
https://www.frontiersin.org/journals/communication
https://www.frontiersin.org



https://doi.org/10.3389/fcomm.2022.841543
https://main.leibniz-zas.de/en/worldwide-network/
https://main.leibniz-zas.de/en/worldwide-network/
https://www.frontiersin.org/journals/communication
https://www.frontiersin.org



https://doi.org/10.3389/fcomm.2022.841543
https://www.frontiersin.org/journals/communication
https://www.frontiersin.org

Mattiauda et al.

Materials and procedure

The study involved a wide range of experimental measures
and informant questionnaires which are not reported here.
Below we provide the details and the administration procedure
for both the LITMUS-MAIN narrative retell task and the
three background measures that provide information about the
general language and cognitive functioning of the participants in
our sample.

LITMUS-MAIN narrative task

Narrative retell samples were elicited using the Cat story
retelling activity from the revised version of the Multilingual
Assessment Instrument for Narratives (MAIN; Gagarina et al.,
2019), which was developed as part of the LITMUS test
battery. In the current study, the task was adapted for
online administration by following two previously developed
adaptations: the first developed by Kapalkovid et al. (2021), for
use with children, and another adaptation developed by Karl
(2019) which was used with adults.

Our adaptation was presented on a PowerPoint presentation
consisting of 28 slides, which we developed specifically to closely
follow the administration guidelines from the original and
revised face-to-face protocols (Gagarina et al., 2012, 2019). This
task involves a scripted story which is presented alongside six
pictures showing key events of the story. The narration involves
four characters: a cat, a butterfly, a ball and a boy, and aims
to assess macrostructural components of storytelling, such as
structural complexity and use of internal state terms, as well
as story comprehension. The activity involves three main parts:
listening, retelling and comprehension. During the listening part
of the activity, the participant is shown three colored envelopes
and they are asked to pick one to reveal the story hidden
inside. After opening one of the envelopes, the child looks at the
pictures of the story which are initially presented on the screen
silently. After examining the pictures, the child listens to the
story, which is delivered in parallel with the relevant pictures.
In our adaptation, participants all listened to the same pre-
recorded version of the Cat story, which was presented in three
sections, each accompanied by the relevant pictures. The story
was recorded in advance by a female native English speaker. This
was done in order to minimize variability amongst instances of
task presentation in our participant sample. After listening to the
story, participants are asked to retell the story. In our adaptation,
the experimenter instructed participants by saying: “Now I want
you to tell the story. Look at the pictures, and tell the best
story you can. Imagine that you are telling the story to your
favorite teacher who cannot see the pictures.” These instructions
were chosen to mimic the face-to-face protocol in which the
experimenter doesn’t share the story context with the participant
(i.e., the experimenter cannot see the pictures). The adaptation
intended to maintain this aspect of the task, as the availability of
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shared information can affect referential elements of children’s
retell (Gagarina et al., 2012, 2019). Consequently, we chose to
address the retell toward a “favorite teacher,” as we expected
this to provide a friendly, but neutral figure, which also projects
some elements of authority. For some of the adults with Down
syndrome who were out of education this instruction was not
applicable. In these instances, we asked them to “Imagine you are
telling the story to a friend who cannot see the pictures.” After
hearing the instructions, the participant would begin telling
their story as the experimenter moved through the pictures
on the screen. As it was difficult at times to judge when the
participant had completed the retelling of a portion of the
story, the experimenter would check before moving to the next
set of pictures by asking “Anything else?” The final part of
the task assessed comprehension. In this portion, participants
were shown the six pictures on one slide and asked questions
about the story. For each question, the relevant pictures were
highlighted by a red border, to focus the participants’ attention
to portions of the story relevant to the question. The activity was
recorded for later transcription and scoring.

The adaptation used in the current study borrowed elements
from the adaptations mentioned above, though it also included
some additions. In particular, a few blank slides were added
at intermediate points between the listening, retelling and
comprehension portions of the task. This was done to ensure
the participant was listening to the experimenter giving the
instruction, rather than being distracted by the pictures on the
screen. In particular, for the retelling portion, this addition
ensured that the participant listened to the entire instruction
before beginning to tell their story. A further addition included
another blank slide placed at the beginning of the presentation
which only contained an audio file playing a snippet of
the recorded story (i.e., the speaker saying “1 day”). This
was included to check that the sound from the presentation
was audible to the participant through screen sharing before
beginning the task. The slide was added after a few instances
during task administration in which some participants were
unable to hear the sound coming from the presentation once
the first part of the recorded story was played out. The issue
was most often due to the experimenter forgetting to tick the
“Share sound” option when starting to screen share, while in a
few cases it was due to an error of the PowerPoint presentation
(e.g., presentation freezing). Slide numbers were also added
to the presentation in order to facilitate administration for
the experimenters.

Background measures
BPVS-3

Vocabulary comprehension was assessed using the British
Picture Vocabulary Test, Third Edition (BPVS-3, Dunn and
Dunn, 2009). The task was administered according to manual
instructions and pictures from the stimulus book were shown

frontiersin.org


https://doi.org/10.3389/fcomm.2022.841543
https://www.frontiersin.org/journals/communication
https://www.frontiersin.org

Mattiauda et al.

on screen using a visualiser camera. The video from the camera
was screenshared with the participant by using the camera’s
visualiser application, as this allowed both the visualiser and the
experimenter’s camera to be active at the same time. During
the teaching portion of the test (i.e., on Training plate A),
participants’ attention was drawn to the labels of the four
pictures by saying: “Look, here are four pictures. There’s picture
One (pointing to the picture), picture Two (pointing to the
picture), picture Three (pointing to the picture) and picture Four
(pointing to the picture).” Whenever possible, participants were
encouraged to verbalize their responses. The experimenter asked
them to “Tell me which picture goes with the thing I have said.”
If participants tried to point or verbalized a label for the picture
(e.g., “it’s this one”), the experimenter would say “Could you tell
me the number of the picture?” In some cases, the participants
preferred to point rather than to verbalize their responses. In
these instances, the experimenter asked the parent to assist and
relay the number of the picture chosen by the participant.

KBIT-2 matrices

Non-verbal reasoning was assessed using the Matrices
subtest from the Kaufman Brief Intelligence Test, Second
Edition (KBIT-2, Kaufman and Kaufman, 2004). The assessment
was administered as per manual instructions and pictures from
the stimulus book were shown on screen by using a visualiser
camera, in the same way as for the BPVS-3. The experimenter
would administer the items by pointing to the relevant parts
of the stimulus page as instructed by the manual. Again,
participants were encouraged whenever possible to verbalize
their responses by saying the letter associated with the chosen
picture. If necessary, the experimenter would draw participants’
attention to the labels of the response options by pointing out the
letters associated with each picture during the teaching phase. If
participants tried to point or verbalized a label for the picture
(e.g., “it’s the truck”), the experimenter would say “Could you
tell me the letter of the picture?” In cases where participants
preferred to point rather than verbalizing their responses, the
experimenter asked the parent to relay the letter of the option
chosen by the participant.

TROG-2

Grammar comprehension was assessed using the Test for
Reception of Grammar, Second Edition (TROG-2; Bishop,
2003). The test was administered according to manual
instructions and pictures from the stimulus book were shown
on screen by using a visualiser camera, in the same way as for
the BPVS3. In a similar fashion as for the BPVS-3, experimenters
would point out the labels of the pictures during the teaching
phase and encourage participants to verbalize their responses.
When this was not possible, the parent would be asked to relay
the number of the picture selected by the participant.
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General procedure

All assessments were administered over a video call.
Participants were invited to join a video call with the
experimenter and were often accompanied by a parent, who
sat next to them throughout the assessment and aided
when required.

Data collection was typically completed over three video
calls. The first video call arranged entailed completing the
informant questionnaires with the parent or caregiver. The
parental video call was typically scheduled first to create
rapport with the parent and give them and the participant an
opportunity to become more familiar with the researcher and
ask questions about the study.

During the second and third video calls, participants
completed the assessments administered by the experimenter.
with the
experimental measures during these sessions, while participants

Participants typical development completed
with Down syndrome were also administered the full battery
of background measures (BPVS-3, TROG-2 and KBIT-2).
The order of completion for both parental questionnaires
and participant assessments was counterbalanced across
participants: every other participant completed assessments in
the reverse order, and the parent completed the questionnaires
in the reverse order as well When assessments were
administered in the reversed order, BPVS-3 was moved to
the beginning of the second session. This was done to maintain
a standardized assessment at the beginning of each session,
as this task provided a straightforward activity to engage the
participant at the start of the call, before completing the more
demanding experimental tasks.

Assessments were administered by the experimenters using
a laptop or personal computer (PC) and a video camera
(either USB or built-in webcam), using commercially available
videoconferencing software (i.e., Microsoft Teams, Zoom).
Experimenters wore headphones with a microphone during
administration of the assessments. Administration of the
standardized assessments was carried out using an OKIOLABS
OKIOCAM T Compact A3 Visualiser/Document Camera.

Participants joined the testing sessions and completed the
assessments using the equipment that was available to them
in their home environment, typically either a laptop or tablet.
In some cases, participants wore headphones, though the
majority completed the assessments without them. This was
especially the case for participants with Down syndrome: all
but one of the participants preferred to not use headphones
(these were sometimes not available, or the participant refused),
though they always were encouraged to wear their hearing aids
when available.

Scoring and data analysis

The speech samples collected during the MAIN retell activity
were each transcribed by two separate independent transcribers.
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Transcripts generated for each of the participants were
compared to one another and conflicts resolved in accordance
between the two original transcribers where possible, or by the
first transcriber. Inter-transcriber reliability was checked for 50%
of transcripts revealing an inter-rater agreement rate of 94-95%.

Coding and scoring of the narrative data were carried out
by the first author. Scoring followed official guidelines from the
MAIN assessment tool. The task is divided into three episodes,
each involving two characters of the story. Each episode is
structured to include five components: (1) an internal state
generating the sequence of events (e.g., the cat saw the butterfly),
followed by a (2) goal (e.g., the cat wanted to get the butterfly),
followed by an (3) attempt (e.g., the cat jumped) and an (4)
outcome (e.g., the cat fell in the bush). The sequence ends
with an (5) internal state as a reaction to the outcome of the
episode (e.g., the cat was hurt). Participants are awarded one
point on story structure for each of the possible structural
elements produced during their retell (up to 5 points for each
episode). Two additional points are awarded for specifying the
initial setting in terms of place and time (e.g., 1 day, at the
lake). Following this scoring system, a score was generated for
the number of structural elements present in the participants
narratives. A score for use of internal state terms (ISTs) was
also calculated by counting the total number of IST tokens
produced by the participant during retell. Each use of words
expressing perceptual states (e.g., look, see, hear), physiological
states (e.g., hungry, tired, hurt), emotional states (e.g., sad,
happy, scared), consciousness terms (e.g., awake, asleep), mental
verbs (e.g., want, think, know), and linguistic verbs (e.g., say,
shout, ask) was awarded 1 point. Finally, a comprehension
score was obtained based on the participants’ answers to a
series of comprehension questions asked after retell, where each
appropriate answer was awarded 1 point (for a maximum of
10 points). The comprehension questions are designed to tap
into the participant’s knowledge of characters’ intentions and
internal states.

As measures of narrative length and lexical diversity,
respectively, the total number of words (TNW) produced by
each participant during retell and the number of different words
(NDW) used were also calculated. Total number of words
included a count of all words produced by the participant
during retell, with contractions (e.g., don’t) being counted as
two separate words. Only material relevant to the story was
included in this count. Number of different words was calculated
by counting each instance of different words occurring in retell,
with same-stem words (e.g., run and ran, or want and wanted)
being counted only in the first instance.

Statistical analyses were carried out in RStudio (RStudio
Team, 2020, version 2022.02.34-492) using R (R Core Team,
2021, version 4.1.2). Parametric independent samples Student’s
t-tests were used to investigate mean differences between the
groups on measures of story structure, comprehension, number
of IST tokens, total words and number of different words. All
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assumptions of the Student’s t-test were met. Besides ¢-statistics
and p-values, we report effect sizes for each pair of comparisons
as calculated using Cohen’s d and interpreted according to the
following commonly adopted guidelines (Cohen, 1988): small
effect (d = 0.2); medium effect (d = 0.5); large effect (d = 0.8).
Two participants with Down syndrome (aged 27;2 and 30;4)
were excluded from the analyses as they were not able to
complete the MAIN retelling task, resulting in sample sizes of
11 participants with Down syndrome and 12 TD controls. An
independent samples Student’s ¢-test confirmed that there was
no significant difference between the mean chronological age of
TD participants and the mean vocabulary age equivalent for the
participants with Down syndrome [#(23) = —0.08, p = 0.937].

Results

Supplementary Table 2 reports means (standard deviations)
and ranges for Macrostructural (Story Structure and Internal
State Terms) and Comprehension measures derived from the
MAIN retell activity scoring, as well as means (and standard
deviations) for narrative length (TNW) and lexis (NDW)
produced by the two groups.

Statistical analyses revealed no significant difference
between the groups on narrative length, as measured
by total number of words produced during retell [f(21)
= —0877, p = 0.39, d = 0.366], however a significant
difference in lexis emerged when comparing the number
of different words produced by the groups [£(21) = —2.30,
p < 005 d =
produced a greater quantity of different words throughout

—0.961]. Typically developing children

their narratives relative to the participants with Down
syndrome, despite overall length showing no difference across
the groups.

Comparisons of macrostructural performance revealed a
significant difference between the groups on the Story Structure
score [t(21) = =268, p < 0.05, d = —1.12], with TD
controls achieving higher scores compared to the participants
with Down syndrome This indicates that TD children tended to
include more elements of story grammar in their retells, such
as initiating events, reactions, characters’ intentions, actions and
consequences. No difference, however, was found in the number
of internal state term (IST) tokens produced by the two groups
[t(21) = —1.55, p = 0.135, d = —0.649], suggesting similar
rates of acknowledgment of characters’ emotional, physiological
or mental states across the groups.

Finally, a significant difference emerged when comparing
Comprehension scores [£(21) = —3.03, p < 0.01, d = —1.26],
indicating that participants with Down syndrome were
outperformed by the TD group on our measure of story
comprehension. This indicates lower overall accuracy of
responses to questions in our study for the group with DS
relative to our TD controls.
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Discussion

The current paper presents the methodological approach
and findings of a pilot study of narrative abilities in
adolescents and young adults with Down syndrome. The
study employed a picture-based retelling activity from
the MAIN narrative task developed by Gagarina et al
(2019), as well as a range of background measures of
language and cognitive ability, all presented online due to
the COVID-19 epidemiological restrictions in place at the
time of recruitment. The analyses included in this report
sought to investigate aspects of macrostructural abilities,
comprehension, narrative length and lexical diversity of
story retell samples produced by a group of participants
with Down syndrome aged between 15 and 33 years and a
group of vocabulary age-matched TD controls. Due to the
small sample size, the results should be interpreted with
caution. However, considering the dearth of studies using
online methodology to investigate language skills in this
vulnerable population, we believe that our insights will provide
valuable guidance for future research, particularly in relation
to the assessment of language skills in the population with
Down syndrome.

Our analyses revealed differences between the participants
with Down syndrome and the vocabulary-matched controls in
terms of both narrative structure and narrative comprehension.
Thus, in answer to our second research question, our results
clearly indicate that the adolescents and adults with Down
syndrome, aged between 15;3 and 32;11, were outperformed
by their much younger TD counterparts, aged 4;4 to 10;6.
With regards to story structure, our control participants were
able to produce more story components, i.e., Setting, Goals,
Attempts, Outcomes, initiating events and reactions, in their
retells compared to the adolescents and young adults with Down
syndrome. This suggests that individuals with Down syndrome
exhibit more difficulty with structural aspects of story-telling
when vocabulary ability is controlled for. Such a difference
may be attributed to overall expressive language deficits in
the population with Down syndrome, widely reported in the
literature. However, in addition to the recognized syntactic
deficits (also confirmed by our participants’ poor performance
on the standardized measure of grammar comprehension,
discussed in more detail below), it is possible that our
participants were less skilled in producing relevant story
components due to an additional presence of pragmatic deficits.
Taking into account the perspective of the audience and the
common ground shared between the speaker and listener is
crucial in telling a successful narrative. Pragmatic difficulties
have been observed in children with Down syndrome (Smith
etal., 2017), despite early reports of relatively spared pragmatics
(Roberts et al., 2007). A more detailed investigation of our
participants’ pragmatic abilities, independently of the narrative,
may shed light on the nature of this finding.
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The same issue is pertinent with regards to our second
finding, our participants poorer performance on story
comprehension. Adolescents and young adults with Down
syndrome provided fewer accurate answers than TD matches
when asked a series of comprehension questions tapping
into character’s internal states and goals. The finding that
participants with Down syndrome performed below vocabulary
age expectations on the comprehension portion of the task fits
with the widely reported weaknesses in sentence comprehension
in this population. While the current paper does not focus on
microstructural components of the narratives produced, our
participants’ poor comprehension score is in line with the
literature highlighting sentence comprehension as a particular
weakness in Down syndrome. As observed in their poor overall
scores on the standardized measure of grammar comprehension
administered in the current study, TROG-2, our participants
showed significant difficulties interpreting a range of syntactic
structures incorporated in this assessment. This is in line
with existing literature showing floor scores on TROG-2 across
different ages of individuals with DS (e.g., Frizelle et al., 2019), as
well as studies focusing on specific complex syntactic structures
that include passives (Ring and Clahsen, 2005; Perovic and
Wexler, 2019) or relative clauses (Joffe and Varlokosta, 2007;
Frizelle et al., 2019). However, it is not clear how much of the
comprehension difficulty shown by our participants can be
attributed to their grammatical difficulties, compared to possible
difficulties in understanding mental states of the characters
involved in the story, as intimated earlier.

Our analysis did not reveal differences between the groups
on the number of internal state term (IST) tokens—words
used to express the mental and emotional states of characters
in the story—present in each group’s narratives. This finding
indicates that participants with Down syndrome produced
words expressing internal states at a level comparable to TD
controls matched on receptive vocabulary, suggesting that
possible syntactic and/or ToM difficulties associated with the
expression of mental states did not affect their production
beyond vocabulary-based expectations. However, a larger
sample of participants is needed to help us establish these facts:
despite the absence of statistically significant difference between
the groups, participants with Down syndrome showed lower
performance on this measure. Nonetheless, a more granular
analysis of the types of IST tokens and associated syntactic
constructions produced by speakers in our groups may provide
insights into their relative abilities to interpret and express the
goals and emotions of others.

Interestingly, we found no evidence of a difference in
narrative length between the two groups, as calculated by
the total number of words produced by participants. This
suggests that the difficulty exhibited by participants with Down
syndrome in the production of structural components cannot
be explained in terms of the raw length of their narratives
alone. In other words, despite producing similar amounts of
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words, participants with DS still mentioned fewer elements
of the story structure during retell. While narrative length
was similar between the groups, the number of different
words used differed significantly: individuals with Down
syndrome were outperformed in this respect, indicating that TD
participants exhibited greater levels of lexical diversity compared
to participants with Down syndrome. This may suggest that
participants with DS tended to focus on selected aspects of
the story to the exclusion of others, possibly reformulating or
repeating information more often throughout their narratives.
Our results are not in line with those of studies that included
younger participants with Down syndrome reviewed earlier.
Recall that children and adolescents with Down syndrome (10-
—16 years, mean age: 12) in Zanchi et al. (2021) produced story
structure and event-based information at a level commensurate
to their expected non-verbal ability and MLU. Previously, Miles
and Chapman (2002) have suggested that adolescents and young
adults with Down syndrome (12-26 years, mean age: 18.76)
produce narratives with structural elements, episodic events and
thematic content that are in line with syntax comprehension
and non-verbal cognitive levels, but which surpass what might
be expected on the basis of MLU. A possibility, such as the
one advanced by Channell et al. (2015), is that conceptual
story telling abilities are relatively spared in Down syndrome,
and at the level of non-verbal ability, but expression is limited
by underdeveloped syntactic abilities. This is supported by
Finestack et al. (2012) who also report an advantage on
macrostructural story components when controlling for non-
verbal mental age, but not when controlling for MLU. As noted
earlier however, MLU may not be an appropriate measure
for capturing expressive syntax abilities in adults with Down
syndrome, as the informativeness of MLU as a measure of
syntactic complexity significantly declines with age, and after
an MLU of 4.0 (CA: 3 years) has been reached (Scarborough
et al., 1991). Martzoukou et al. (2020) had speculated on
the effect of world knowledge, associated with age, on the
structural organization of narratives in Down syndrome. They
hypothesized that the greater world knowledge of adults with
Down syndrome would translate into better narrative structure
compared to that of younger TD controls matched for expressive
vocabulary and non-verbal mental age. However, this hypothesis
did not find support in their analysis and does not seem to be
supported by the analyses presented in our study, at least in
terms of receptive vocabulary. Overall, our findings are partly
in line with results reported in Martzoukou et al. (2020), the
only other study employing the same instrument to assess
narrative skills of adults with Down syndrome, though Greek
rather than English-speaking, and administered in person rather
than online. The results of their study also revealed poorer
performance on both story structure and story comprehension
from adults with Down syndrome (19-46 years, mean age 28;2)
when compared to expressive vocabulary-matched TD controls.
In terms of use of IST tokens, our study found no differences
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in the frequencies of internal state terms use between the two
groups, while Martzoukou et al. report significantly fewer ISTs
in the productions of their participants with Down syndrome
compared to both of their TD control groups, one matched
on expressive vocabulary and the other on non-verbal ability.
Martzoukou et al. interpret the lower frequencies of mental state
terms in the narratives of participants with Down syndrome as a
result of their poor syntactic ability: since verbs used to express
internal state terms almost always require complex syntactic
constructions such as complement clauses (de Villiers and de
Villiers, 2009), it may be this syntactic complexity that precludes
use of mental state terms in individuals with Down syndrome.
However, this difference in IST use might alternatively be
explained by the relatively older age of the sample recruited by
Martzoukou et al. It is possible that, given the ages reported in
their study, some of the participants included in their sample
might have already started to experience symptoms of cognitive
decline which reflected on their language performance. Crucially
in our sample, we include participants below the age of 35,
a stage of life at which we expect language development to
be approaching adult form. We would expect individuals with
Down syndrome between the ages of 15 and 35 to show degrees
of variability in their relative skills, across both language and
cognition, as performance in this population is often reported
to be highly heterogeneous (Roberts et al., 2007). However, we
wouldn’t expect neuropsychological symptoms of Alzheimer’s
disease to influence performance in this age range, as the impact
of dementia-related decline becomes manifest around the fourth
decade of life (Ballard et al., 2016). Based on this, we would
expect the abilities of our sample to be reflective of adult
macrostructural narrative abilities, unaffected by decline.

With regards to our third research question, in this study we
were able to show that diverse types of data can be successfully
obtained via online remote administration from individuals
with Down syndrome. Our results suggest that measures of
general language and cognitive abilities can be used remotely
with the population with DS. Only two participants with Down
syndrome (aged 27;2 and 30;4) were excluded from the analyses
reported as they were not able to complete the MAIN retelling
task, however, they completed the background measures. These
participants’ inability to complete the retell task was primarily
due to limited expressive language abilities and use of prompting
from the caregiver during task administration.

All participants completed the grammar and vocabulary
comprehension tasks, in addition to the task assessing non-
verbal reasoning. Here we discuss how our participants scored
on these very same measures as administered online, compared
to those reported in previous literature, but administered face-
to-face. While direct comparisons cannot be made, due to
different age ranges of participants involved, the mean scores
on BPVS-3 and TROG-2 for our sample of participants seem
in line with those reported for in person assessments in the
literature, suggesting that that online assessment of vocabulary
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and grammar may be viable in the population with Down
syndrome. Our participants’ scores on TROG-2 are similar to
those reported in the previously reviewed Finestack et al. (2012)
for adolescents and young adults with Down syndrome aged
between 12 and 26 mean age 18.76. The mean TROG-2 raw
score reported in their study, 2.63 (SD = 1.58), range 0-6, is
comparable to that seen in our participants, mean 3.38, SD
(2.53), range: 0-7. With regards to BPVS-3, adults with DS
from a LonDownS$ Consortium study (Startin et al., 2019b), aged
between 19 and 59 (mean age 36.47 years), obtained a mean raw
score of 95.94 (SD: 31.99) (range: 38-158), which is comparable
to our participants’ mean score of 89.23 (26.03) range: 53-119.
Similar levels of non-verbal ability have also been previously
observed on KBIT-2: in another LonDownS$ Consortium study,
Startin et al. (2016) report mean non-verbal raw score of 14.98
(6.90), range 0-32, for a large sample of young healthy adults
with DS aged 16-35 years (mean age 25.24 years), which is in
line with our sample’s mean score of 15.31 (5.06), range: 2-21. In
addition, the finding that narrative length was comparable across
our participant samples when matched on age of vocabulary
comprehension suggests that the online elicitation approach
was similarly effective in eliciting narrative discourse from both
participants with DS and TD controls remotely. Further analyses
of the initial data presented in the current paper will explore the
nature of this finding in more details, as our results suggest that
despite producing a comparable number of words, participants
with DS included fewer elements of story structure and used a
more limited range of different words in their narratives. We
provide a more detailed discussion of our general experience
with the remote collection of data in the section below, to allow
future researchers to make informed choices when considering
remote methods of assessment.

Methodological considerations on
remote administration of experimental
materials

Online methods of data collection in the population with
Down syndrome present both advantages and disadvantages
which must be taken into consideration when designing
remote research approaches. Online methods minimize the
need for travel and significantly reduce contingencies associated
with the costs and time-investments of travel, for both
researchers and participants. Furthermore, they allow for a
relatively comfortable mode of testing, thanks to the commercial
availability of numerous videoconferencing tools which have
seen a significant uptake in usage in recent times, especially
due to the social-isolation restrictions put in place all over the
world. Participants can then be tested at home, from a familiar
environment, while reducing possible health risks associated
with face-to-face contact.
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In terms of participant engagement, the pilot has yielded
promising results so far. Our experiences do not confirm worries
relating to participants’ ability to engage in online activities.
The families involved in the study were always able to connect
to the videocalls using their electronic devices. In some cases,
it was the child or adult participant who provided help to
the parents, who were sometimes less familiar with online
videoconferencing tools. In other cases, participants did require
help from a parent to join the calls (this was virtually always the
case for the TD children, but also for some of our participants
with Down syndrome), but they were nonetheless able to
engage with the experimenter and participate in the online
tasks. For two participants with Down syndrome, the narrative
task presented particular challenges, likely associated with more
pronounced impairments in expressive skills. We speculate
that the task itself may have been too demanding for these
participants, however, it cannot be excluded that a face-to-face
setting may have facilitated their performance. Future research
would benefit the field by examining performance differences
in people with intellectual disability between face-to-face and
remote online task administration. As for recruitment, we again
cannot exclude that the online nature of the study might
have dissuaded some families from participating, however, we
can report that a number of families expressed relief at the
notion of being able to participate from home. Such relief
might be in part associated with the relative ease of remote
participation on the side of families and seems reasonable given
the broader global context in which data collection has been
taking place. In this respect, remote online assessment represents
a promising new approach to data collection, especially when
working with extremely vulnerable populations such as people
with Down syndrome. Furthermore, an added benefit of the
remote approach to assessment was that of allowing us to
reach and involve participants and families based all over the
United Kingdom, while significantly reducing traveling costs
incurred by researchers.

Alongside the promising outcomes for both recruitment and
data collection, we must also consider some of the drawbacks of
remote online assessment. One of the main issues involve the
representativeness of our sample, due to possible disparities in
accessing the necessary technology to take part in online studies.
While the global pandemic forced schoolchildren and students
all over the world to participate in online schooling during
official lockdowns in 2020 and 2021, forcing them and their
caregivers to invest into technology, this was not possible for
many families who faced economic hardship (UNICEF, 2021).

With regard to the experimental set up itself, the central
issues revolve around a loss of experimental control over the
surrounding environment, the equipment used, and a lack of
direct influence over the engagement of the participant. In our
pilot study, we observed significant variation in terms of the
equipment available to the participants, as they completed the
sessions from their home environment. Participants typically
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completed assessments using a laptop or tablet, in most cases
without wearing headphones, as these were uncomfortable
to them or not available to the families. The majority of
participants, across both groups, completed the assessments
with a parent or caregiver present who provided assistance when
necessary, without interfering with the assessments. Variations
in the type of equipment available to participants is an important
consideration in the design of online elicitation studies, as it may
play a role in how the participants are able to engage with the
tasks: for example, features such as screen size and resolution
of the electronic device used could affect the visibility of the
materials presented.

Most participants were able to complete the assessments
following instructions given by the experimenter and did not
require further assistance from the caregiver. In some cases, the
caregiver helped by redirecting the participant’s attention toward
the tasks when distracted by environmental stimuli (e.g., noise,
other family members in the house). In other cases, specifically
with two participants with Down syndrome, the help of the
parent was actively required in administering the background
assessments, as the participants chose to point to pictures rather
than verbalizing their responses. Given that the assistance, or
at the very least the presence, of a caregiver is likely necessary
during task administration, we recommend that future studies
take measures to instruct the parent on how to behave and assist
during the assessments, in order to avoid interference that can
invalidate the quality of the data collected.

Another potential issue of remote online assessments,
especially relevant when eliciting language samples, relates to
the audio quality and intelligibility of the recordings collected.
In this study, we collected language samples from the MAIN
retell activity (Gagarina et al., 2019), which were subsequently
transcribed and scored. For most participants, the reduced
quality of language samples collected without using headphones
did not have a significant impact on the experimenters ability
to transcribe the samples. However, this was not always the
case for participants with Down syndrome, for whom in a
few cases, low audio quality coupled with intelligibility issues
significantly affected the ease of transcription. Our inter-
transcriber reliability rates were excellent, however, providing
families with equipment (particularly headphones and a
microphone) could contribute to minimizing audio quality
issues and may improve the intelligibility of the speech samples
collected. One important drawback of using headphones,
however, is that the parent or caregiver assisting with the session
would not have auditory access to the instructions given by
the experimenter. A further aspect that merits consideration
relates to hearing difficulties, which appear to be common
in the population with DS (Shott, 2000). In our study, six
participants reported some degree of hearing loss which could
affect their task performance. Of these, two were excluded from
analysis as they failed to complete the retelling activity, while the
remaining four wore hearing aids during task administration.
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While the use of hearing aids may help minimize the impact of
hearing difficulties, remote language elicitation designs should
seek to account for this factor: though this wasn’t included in
the present design, language research would benefit from the
adaption of a hearing screening procedure for remote use.
Finally, we experienced minimal issues with regards
another

to connection quality during videocalls, area

of uncertainty when administering assessments online.

Participants overall seemed to have access to good
enough internet connection to allow completion of the
activities in the absence of signal degradation that could
significantly affect task administration. Occasional issues
were observed in terms of audio quality, with a few instances
of audio glitches. Because the assessments required the
participant being able to hear speech produced by the
experimenter, we allowed experimenters to repeat items
if the participant indicated that they did not hear the
experimenter’s prompt, though this was seldom the case for
the tasks presented above (in particular, this was especially
relevant for language comprehension tasks such as BPVS-3

and TROG-2).

Conclusion

The current research contributes to the growing body
of literature documenting the language skills of adults with
Down syndrome, a relatively understudied demographic, by
focusing on macrostructural narrative language elicited by
means of a novel methodological approach. In the first entirely
remote study of narrative language abilities in adults with
Down syndrome, we adapted the assessment tool for remote
online use over videoconference. In addition to contributing
valuable insights into the feasibility of remote online research
designs with participants with intellectual disability, the study
is also the first to assess narrative language in a group of
adults with Down syndrome at an age range where language
abilities are approaching adult performance, while unlikely to be
affected by cognitive deterioration associated with Alzheimer’s
disease. We report a disadvantage of participants with Down
syndrome relative to TD controls matched on age of vocabulary
comprehension on global measures of story structure and story
comprehension, as well as lexical diversity, though the groups
did not differ on story length as measured by total number
of words. In the current report, we discuss the implications
of such findings in relation to previous literature assessing
macrostructural narrative skills of children and adolescents
with Down syndrome, as well as the more sparse evidence
available on adults, and reflect on the outcomes of our remote
online approach to language assessment. We conclude that
remote online methodological approaches are viable tools of
eliciting speech samples and assessing expressive language skills
in adolescent and young adults who have Down syndrome.
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This study examined the spoken narrative skills of a group of bilingual
Mandarin—English speaking 3—6-year-olds (N=25) in Australia, using a remote
online story-retell task. Bilingual preschoolers are an understudied population,
especially those who are speaking typologically distinct languages such as
Mandarin and English which have fewer structural overlaps compared to
language pairs that are typologically closer, reducing cross-linguistic positive
transfer. We examined these preschoolers’ spoken narrative skills as measured
by macrostructures (the global organization of a story) and microstructures
(linguistic structures, e.g., total number of utterances, nouns, verbs, phrases,
and modifiers) across and within each language, and how various factors such
as age and language experiences contribute to individual variability. The results
indicate that our bilingual preschoolers acquired spoken narrative skills similarly
across their two languages, i.e., showing similar patterns of productivity for
macrostructure and microstructure elements in both of their two languages.
While chronological age was positively correlated with macrostructures in
both languages (showing developmental e ects), there were no significant
correlations between measures of language experiences and the measures
of spoken narrative skills (no e ects for language input/output). The findings
suggest that although these preschoolers acquire two typologically diverse
languages in di erent learning environments, Mandarin at home with highly
educated parents, and English at preschool, they displayed similar levels of
oral narrative skills as far as these macro—/micro-structure measures are
concerned. This study provides further evidence for the feasibility of remote
online assessment of preschoolers’ narrative skills.

narrative skills, Mandarin-English bilinguals, preschoolers, macrostructure,
microstructure
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Introduction

Children’s early narrative abilities are important for their later
literacy skills and play an important role in predicting their
general academic performance as well as social and communicative
success (Westerveld and Gillon, 2010; Gardner-Neblett and Iruka,
2015; Glisson, 2017; Pinto et al., 2017). Across different languages
and cultures, narrative tasks are used as an ecologically valid way
of collecting spoken language samples as they provide rich
information about childrens language abilities in a naturalistic
setting (Botting, 2002; Boerma et al., 2016). For bilingual children,
there is a paucity of evidence on the spoken narrative abilities
especially for those speaking two typologically distinct languages,
such as Mandarin and English. In the United States, Chinese
languages (including Mandarin) are spoken by around 2.9 million
people at home and are the most frequently spoken home
languages other than English and Spanish (United States Census
Bureau, 2021). In Canada, Mandarin is one of the most spoken
home languages other than English and French (Statistics Canada,
2017). Similarly, in Australia, Mandarin is the most spoken home
language other than English (Australian Bureau of Statistics,
2017). Despite the large number of bilingual Mandarin-English
communities, little is known about the spoken narrative skills of
these bilingual children in each of their two languages. This is
especially the case for emerging bilingual preschoolers learning a
home language (Mandarin) and a community language (English).

Recently, the COVID-19 pandemic has added to the
challenges of testing young children and highlighted the need to
move traditional face-to-face testing methods to remote online
testing. There is emerging evidence to suggest that remote online
testing of child language can be feasible, reliable, and valid (e.g.,
Sutherland et al., 2017; Manning et al., 2020; Sheng et al., 2021).
In this study, the story retell task is used to assess bilingual
preschoolers’ spoken narrative skills in each of their two languages
to address two aims: First, to add to our understanding on the
spoken narrative skills of preschoolers learning two typologically
distinct languages (Mandarin vs. English) and, second, to report
on factors that predict bilingual preschoolers’ performance on a
remote online spoken narrative task.

to document the spoken narrative competence of a group of
bilingual Mandarin-English preschoolers, to enrich our
knowledge base on bilingual narrative competence in preschoolers
learning two typologically diverse languages.

Spoken narrative skills

Spoken narrative skills, defined as the telling or retelling of a
sequence of causally related events, requires the narrator to
include detailed information about not only the setting, character,
and theme of a story, but also the characters actions, emotions,
and motivations (Westby, 1991; Glisson, 2017). Spoken narrative
skills are evaluated on levels of macrostructure and microstructure.
Macrostructure refers to the global organization of a story,
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consisting of a “setting” plus one or more “episodes.” The “setting”
introduces the main character(s) and describes the context of the
story (e.g., where the story takes place); and an “episode” includes
an initiating event, the character’s goal and attempt in response to
the initiating event, and its consequences (Stein and Glenn, 1975;
Gillam et al., 2016). Therefore, macrostructure requires adequate
higher-level cognitive organization and abilities to conceptualize
and plan sequences of events, as well as making inferences about
the characters’ motivations to convey a thematically coherent
story (Bohnacker, 2016; Rezzonico et al., 2016).

Microstructure, on the other hand, relates to linguistic
properties of the narrative in the target language (Stein, 1988;
Squires et al., 2014; Bohnacker, 2016; Gillam et al., 2016). The
evaluation of microstructure includes not only fine-grained
linguistic structures used to construct a coherent narrative
discourse, such as specific lexical and grammatical elements
(Justice et al., 2010), but also more general measures about the
overall spoken language productivity and syntactic complexity in
the narrative genre (Westerveld and Gillon, 2010), e.g., total
number of utterances, number of words, mean length of utterance
(MLU), etc. Microstructures can therefore potentially provide a
more detailed profile of a child’s spoken language skills including
their strengths and weaknesses in various spoken language
domains of morphology, syntax, and semantics (Westerveld and
Gillon, 2010).

One of the commonly used methods of eliciting spoken
narratives from young children is through a story-retell task.
Children are asked to first listen to a story and then reproduce the
story, sometimes using visual support (Sheng et al., 2019). With
the support of having listened to a prior story script, it is
considered less demanding than other narrative tasks, such as
story generation, in which children have to construct stories on
their own. Therefore, the story-retell task is particularly
appropriate for eliciting spoken narratives from younger
preschool-aged children and bilinguals (Merritt and Liles, 1989;
Westerveld and Gillon, 2010). Over and above the lower task
demands, story-retell allows for experimental control over
linguistic aspects such as length and complexity in the model story
(Pearson, 2002).

Research on bilingual preschoolers

In terms of macrostructure, it has been suggested that its
organization may be universal or invariant across languages (e.g.,
Berman and Slobin, 1994; Verhoeven and Stromgqvist, 2001).
Many studies report no differences in macrostructure measures
between the two languages of bilingual children (Pearson, 2002;
Squires et al., 2014; Bohmacker, 2016; Gagarina et al., 2016;
Kunnari et al., 2016; Bonifacci et al., 2018; Méndez et al., 2018),
especially for older school-aged children (Pesco and Bird, 2016).
More recently, however, Hao et al. (2019) found that Mandarin-
English bilingual preschool to school-aged children in the US
performed better on “setting” in English than in Mandarin. This
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could be due to English being the majority/community language
leading to better performance compared to the home language
(Pesco and Bird, 2016). However, the differences in scores for
“setting” were small, suggesting that the macrostructure
performance was, in general, still largely similar between the two
languages (Hao et al., 2019). It is also unclear whether better
English performance would be associated with age as school-aged
children receive more formal education, including narrative skills,
in English compared to preschoolers.

Microstructure, on the other hand, is more susceptible to
variation across bilingual children’s two languages (Pearson, 2002;
Uccelli and Paez, 2007; Squires et al., 2014; Hipfner-Boucher et al.,
2015; Boerma et al, 2016). This is not surprising given
microstructures likely reflect differences in linguistic structures
across languages. For example, Spanish-English-speaking
4-6-year-olds showed a strong association among microstructure
elements within the same language, but more variation across
languages, suggesting that these children are acquiring linguistic
structures independently across the two languages (Méndez et al.,
2018). On the other hand, in Hao et al. (2019) sample, while
microstructure domains of “nominal” and “phrase” showed no
significant differences between Mandarin and English, both
“modifier” and “verb” were significantly better in English than in
Mandarin. The pattern of performance on the various domains
also differed within each language. For Mandarin, children were
most productive in the “verb” and “nominal” domains, followed
by “phrase” and “modifier;” while in English, children produced
more “verbs” than the other three domains. In general, these
children demonstrated better narrative performance in English
than Mandarin, but the differences were larger in microstructure
than in macrostructure, further suggesting that macrostructure is
less variable across languages than microstructure (Hao
etal, 2019).

Language experience and bilingual
narrative skills

One of the most important sources of influence on language
acquisition, apart from general development, is language
experience. Earlier age of acquisition and longer use typically lead
to better language outcomes (Birdsong, 2009; Bosch et al., 2019;
though see Xu Rattanasone et al. (2016) for different length of
acquisition effects due to language typology in preschoolers).
Bilingual children’s language experience can also vary in terms of
amount of language input and use, with both having effects on
language development and spoken narrative skills (Hammer et al.,
2012; Marchman et al., 2020). Govindarajan and Paradis (2019)
found in school-aged children that length of English exposure in
school predicted better English narrative skills, but amount of
English input (from non-native speakers) and use at home did not
predict macrostructure or microstructure abilities in English.
Similarly, Hao et al. (2019) found that neither English input or
output (production) correlated with performance on English
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macrostructure or microstructure narrative skills. Given the large
age range in their study (4 to 9years), and the lack of research on
bilingual preschoolers” narrative skills, it is unclear whether these
findings would specifically apply to preschoolers. Unlike school-
aged children, preschoolers who have not yet received formal
education in English (including explicit instructions on narrative
skills), are cognitively and linguistically less developed, and
therefore their narrative skills might be more influenced by
different levels of language input.

The current study

Although Mandarin is one of the most common home
languages around the world, only a few studies have examined the
narratives skills of Mandarin-English bilingual children. While
Hao et al. (2019) study provided a first important glimpse into the
spoken narrative skills of these bilingual children, their study
included a sample of children with a wide range of ages from
preschool to primary school with varying lengths of exposure to
English. This raises questions about the narrative skills of younger
preschoolers. Such knowledge will provide us with more insights
into early bilingual narrative development and could help inform
educators on the language skills of typically developing bilingual
preschoolers and their readiness for school.

This study examined a sample of bilingual 3-6-year-olds
speaking Mandarin as their home language and learning English
as the community language at childcare/preschool. In Australia,
children of this age range typically attend a government subsidized
private childcare (3-4-year-olds) or a fully funded government
preschool (4-5-year-olds) or a kindergarten (5-6-year-olds) with
English as the language of instruction. Their narrative skills were
examined using a remote online story re-telling task in each of
their two languages along with a weekly diary detailing daily
Mandarin, English, and Mixed language input, and output for
every awake hour. The entire study was conducted through remote
online delivery. The following three research questions
were addressed.

Research question 1

Whether there is a difference between bilingual preschoolers’
macrostructure scores across their Mandarin and English; and
whether there are any differences across macrostructure elements
within each language. We predict a positive correlation between
Mandarin and English, and no significant differences in overall
performance on specific macrostructures across languages, but
performance levels on macrostructure elements within languages
might vary (Hao et al., 2019).

Research question 2

What are bilingual preschoolers’ spoken narratives skills in
terms of microstructures across their two languages? Is there a
difference between bilingual preschoolers’ microstructure domain
scores in Mandarin and English? Within each language, are there
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any differences in the production of individual microstructure
domains? We predict that there could be no correlations cross-
language in microstructure domains (unlike macrostructure; Hao
et al,, 2019). For Mandarin, performance should be best in the
“verb” and “nominal” domains, followed by “phrase” and
“modifier;” and for English, performance should be best on “verbs”
compared to the other three domains (Hao et al., 2019).

Research question 3

Are there any associations between preschoolers’ narrative
performance (macro/microstructural) and various contributing
factors, such as chronological age, length of language exposure,
and language input and output? We predict that chronological age
would correlate positively with macrostructure (general
developmental effect) and length of language exposure would
correlate positively with microstructure (linguistic experience
effect; Hao et al., 2019). We further predict that language input
and output would correlate with performance in both languages
(preschoolers are not yet receiving systematic schooling on
narrative skills in English, unlike the school-aged children in the
Hao et al., 2019).

Materials and methods
Participants

A total of 25 Mandarin-English (ME) bilingual preschoolers
participated in this study but 5 were excluded for not switching
languages, i.e., produced both stories only in English (N=1) or
only in Mandarin (N=2), or could not finish either story (N=2).
The final sample consisted of 20 children (15 girls and 5 boys)
aged between 3;10 (year; month) and 6;4 [mean age=4;11,
Standard Deviation (SD)=8.7months]. The primary carers of
these children were in general well educated with two having
received vocational training, eight completed an undergraduate
degree and 10 postgraduate degrees. Of these primary carers 14
have received their highest level of training in Australia using
English and 6 in China using English (2) or Mandarin (4). All
participants resided in Sydney, Australia at the time of testing.
Ethical approval for remote online testing was only allowed at the
time and obtained from Macquarie University (approval number:
52021662724256).

10.3389/fpsyg.2022.797602

Each child’s primary caregiver was asked to complete a
demographic information and language history questionnaire (see
Appendix A). All children were raised in Mandarin-speaking
households with native Mandarin-speaking parents (only one
parent grew up speaking Cantonese and English). All parents were
born in China (mainland or Hong Kong). The children’s average
age of acquisition (AoA) for 22 months
(SD=8.5months; range: 11-41months). All children were
exposed to English through childcare before the age 36 months,

English was

except for one child at 41 months. The average length of English
exposure was 37 months (SD = 12.7 months, range: 20-62 months).
No language disorder or hearing impairment was reported.

Materials

Each child completed two story-retell tasks, one in English
and one in Mandarin. Two different sets of wordless story pictures
designed to elicit age-appropriate languages abilities in each
language were used to avoid practice effects. The English picture
story was Ana gets lost (Westerveld and Gillon, 2010), for children
4;0 to 7;6. The Mandarin story was taken from the “*%#%#if )L
WS AE I [Language Proficiency Test for Preschool
Children]” [RIENIVERKFESHFAFT  (Tianjin - Normal
University), 2016], for children 3;0 to 7;0. The stories were
pre-recorded by a female native Australian English speaker and a
native Mandarin speaker.

The primary caregiver of each child also provided a 7-day
diary of hourly activities children were engaged in, interlocutors,
if any, and language(s) heard (input) and produced (output) by the
child. The diary data was later coded into total hours of hearing
and speaking Mandarin, English, or both languages (mixed). The
percentages of input and output of each language were then
calculated by dividing the total number of hours hearing or
speaking that language with the total number of awake hours.

The diary data is summarized in Table 1. Since the percentages
of input to and output from children in each language were similar
within languages, a single measure for each language was derived
by averaging across input and output for that language. This new
measure was used as a general indicator of language experience
for each language. A paired f-test conducted between the average
percentages of English and Mandarin language experience score
found that children had significantly more experience in English

TABLE 1 Means, standard deviations (SD) and range for percent of input and output in each language.

English Mandarin Mixed
Measure
Mean SD Range Mean SD Range Mean SD Range
Input 47% 13% 27-70% 30% 19% 2-58% 23% 19% 0-62%
Output 48% 14% 20-76% 27% 20% 1-58% 25% 20% 0-61%
Average 47% 13% 24-73% 29% 19% 2-58% 24% 19% 0-59%

t-test

t=3.11, p <0.01, Cohen’s d=0.70
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pairwise t-tests), again showing similar patterns of performance
across the two languages.

Microstructure

General microstructures

The general microstructure scores are presented in Table 3.
The properties of the model stories are shown below under the
“Model story” column. A “proportion” column indicates
proportion of model-like structures produced by the children in
relation to the target story. The Mandarin story was relatively
simpler than the English story with fewer total C-units, total
words, and different words, whereas the MLU in words (MLUw)
was similar between the two languages. The descriptive data
suggest that, as compared to the target story heard by the children,
our participants produced relatively shorter narratives, with
smaller numbers of TNC, TNW and NDW. They did however
produce more model-like structures on each measure compared
to the target story they heard for Mandarin than English.

Fine-grained microstructures

The 0-3 frequency scores and raw frequency scores of each
microstructure element in two languages are summarized below
in Table 4 (see Appendix G for proportion of model-like structures
produced). The domain scores were derived by averaging across
all elements within each domain, as shown in Table 4 (i.e., the
mean and standard deviation of English Modifier elements across
all participants were 1.75 and 1.12, respectively).

For mean 0-3 frequency scores in each domain, the results
showed a significant main effect of domain [F (3, 57)=32.48,
p<0.001], but they did not show a significant main effect of
language [F (1, 133)=2.74, p=0.100] or interaction between
language and domain [F (3, 133)=1.24, p=0.298]. Pairwise
comparisons showed that all domains in English differed
significantly with each other except between “Modifier” and
“Verb” (Nominal > Modifier = Verb > Phrase), and all domains in
Mandarin differed significantly with each other except between
“Modifier” and “Nominal” domains (Nominal = Modifier > Verb
> Phrase). See Appendix H for the pairwise comparisons.

10.3389/fpsyg.2022.797602

Factors influencing narrative
development

As shown in Table 5, no significant correlations were found
between English and Mandarin for macrostructures or
microstructures. Within each language, while there was a strong
positive correlation between macrostructure and microstructure
(r,=0.799, p=0.002),
microstructure did not reach significance for Mandarin.

in  English macrostructure  and

Regarding potential contributing factors, chronological Age
was significantly and positively correlated with macrostructures
in both English (r;=0.692, p=0.012) and Mandarin (r,=0.711,
p=0.012), but not with microstructures. English Age of
Acquisition had no significant correlations with any narrative
measure in either language. Length of English exposure, although
showing a significant positive correlation with Age and negative
correlation with Age of Acquisition, showed no significant
correlation with either of the narrative measurements. Language
experience in general did not significantly correlate with any
narrative measures.

Discussion

Using remote online assessment, this study investigated
Mandarin and English (ME) learning bilingual preschoolers’
spoken narrative skills in terms of macrostructure and
microstructure within and across languages. Potential factors
influencing narrative development were also explored. ME
bilingual preschoolers demonstrated similar narrative skills in
their two languages, in both our measures of macrostructure and
microstructure. More cross-linguistic differences were found in
microstructure than macrostructure. Age was significantly
positively correlated with macrostructures in both languages.
Language experience, however, had no significant correlations
with any aspects of children’s narrative skills. These results were
generally consistent with the findings from previous face-to-face
studies (as outlined below), suggesting that it is feasible to use
remote online spoken narrative tasks to measure bilingual
preschoolers’ spoken narrative skills.

TABLE 3 Means, standard deviations (SD), and ranges on general microstructure measures of child productions compared to model stories in

English and Mandarin.

English Mandarin

Measure

Model . Model .

Mean SD Range Proportion% Mean SD Range Proportion%

Story Story
TNC 11.57 5.06 3-20 24 48.75 8.19 3.08 4-14 12 68.25
TNW 82.76 44.87 13-175 193 42.88 54.90 21.71 26-105 118 46.53
NDW 43.05 20.50 10-87 115 37.44 3252 9.53 20-55 63 51.62
MLU-w 5.93 1.92 2.00-8.89 8.04 6.49 1.32 4.50-9.17 9.83

The scores presented were averages of the two stories. TNC refers to total number of C-units; TNW refers to total number of words; NDW refers to number of different words; and MLUw

refers to mean length of utterances in words. Significant results are in bold.
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young woman, that is hindered by the prince’s evil stepmother
who steals a ring, the evidence of the princes love for the
young woman. The participants are offered visual support by a
sequence of five pictures depicting main events of the story while
narrating the story.

D. “Hare and Tortoise”: Retelling of a familiar recorded story, which
is an adaptation of the Aesop’s fable, without visual support.

Additionally, three tasks, shown below, are adopted from the
AphasiaBank standard discourse protocol, to achieve the collection
of larger language samples from each participant and to be
compatible with the elicitation methodology of the AphasiaBank
database and comparable to the studies conducted with this
methodology. The two protocols share the task of the free
production of a personal story (Stroke story).

E. “Refused  umbrella” based on a

six-picture sequence.

Story  production

E. “Cat rescue”: Story production based on a single picture.

G. “Cinderella”: Narration of the traditional Cinderella fairytale.
Participants first go through the wordless storybook to refresh
their memory and afterwards they narrate the story without
looking at the pictures.

The AphasiaBank protocol has been widely used for the collection
of spoken discourse from PWA and healthy controls. The
repository hosts data from nearly 300 PWA and 200 age-
matched unimpaired controls (MacWhinney and Fromm, 2016).
The AphasiaBank data are being analyzed with CLAN programs
and have been used for the investigation of several research topics
addressing PWA and unimpaired controls, such as discourse,
grammar, gesture, lexicon, fluency, automatic classification, social
factors, and treatment effects. Thus, it comprises tasks that
have been multiply validated across different types of aphasia at
different levels of analysis. The Greek protocol for oral narrative
discourse collection has been used to collect data from 22
PWA and 22 age and education-matched controls, the spoken
discourse samples of whom comprise the Greek Corpus of Aphasic
Discourse (GREECAD) (Varlokosta et al., 2016). Table 1 presents
the correspondence between discourse elicitation methods and
narrative tasks of the implemented protocol.

The Party, the Cat rescue and the Refused umbrella tasks involve
narration on the basis of picture stimuli. However, Cat rescue
involves a single picture stimulus, and, therefore, differs from the
Party and the Refused umbrella tasks, which involve a six-picture
sequence stimulus. The Party picture sequence depicts an incident
of adult everyday life, compared to the Refused umbrella which
represents a child life incident. The Ring and Hare and tortoise
represent two retelling tasks, since they require the reproduction
of a recorded story, but differ significantly in the linguistic and
cognitive demands they impose to participants. The Ring is an
unknown lengthy story, with many episodes and a complex plot,
characteristics which increase the linguistic and cognitive demands
of the task. The visual support offered by five pictures, which
depict the main events of the story, is expected to compensate
for the increased task demands. Hare and tortoise is a familiar
story, especially in the Greek culture, thus no visual support is
offered. Regarding the Cinderella narration task, several terms have
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been used to describe it. It has been termed as “story narrative”
(MacWhinney et al., 2011), “story retelling” (Stark and Fukuyama,
2021) and “storytelling” (Fromm et al., 2022). We chose not to refer
to this task as “retelling”, since it does not require reproduction of
an already heard story, but as “familiar storytelling”, to indicate the
activity of the narration of a well-known fairytale.

2.2. Web application for data collection

The narrative discourse elicitation protocol presented in
Section 2.1., including task instructions, as well as visual and audio
stimuli for each task, is integrated in a custom web application
for use on computer. The web application development had to
meet specific requirements regarding different aspects of use: (a)
consistent administration, (b) secure audio recording and good
sound quality, (c) friendly and easy-to-use interface.

The parameter of consistency of administration is associated
with the specifications regarding the order of task presentation,
timing and modality of task stimuli, as well as content and modality
of task instructions, which should follow the same principles
in both the pen-and-paper and online administration, ensuring
that the elicitation of spoken discourse samples is representative
of the participants’ language abilities, and that the elicitation is
carried out in a consistent way across investigators. Presentation
of tasks follows a linear sequence, beginning with the AphasiaBank
tasks (A, E, E G), followed by the Greek elicitation protocol
tasks (B, C, D). Task administration follows a consistent flow,
starting with task instructions, which are presented in both
written and audio format to ensure that the goal of the task
is clear to the participant. Subsequently, the task stimuli are
presented, according to each elicitation method. In narrative tasks
prompted by a picture or a picture sequence (tasks B, E, F), the
picture(s) is/are presented to the participant on screen. In the
case of picture sequences, the pictures appear all at once, with a
number indicating their order (Figure 1). The order of pictures
is pointed out by the investigator, who allows the participant
enough time to go through the picture sequence and form a mental
representation of the story. The pictures appear in their actual
size or can be enlarged (e.g., the Party), so the participant can
examine them in detail, serially, using the “next” navigation arrow
(Figure 2).

In the case of the Cinderella task, the picture book has been
integrated in its digital format, following the exact pagination
of the printed book version. The participant can examine the
book linearly, flipping through its pages back and forth, using the
navigation arrows.

In tasks requiring the retelling of a recorded story (tasks C and
D), story playback is initiated and controlled using an integrated
audio player. In case retelling is supported by pictures (task C),
the pictures appear on screen while the participants are listening
to the recorded story; picture enlargement option is also available
(Figure 3).

Once stimuli presentation is completed, voice recording begins
using the microphone icon, which appears on each task screen at
the same position. Recording ends by pressing the microphone icon
again and it is submitted by pressing the “next task” icon.
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TABLE 1 Correspondence between narrative tasks and narrative discourse elicitation methods.

Narrative tasks Personal narrative

Picture-elicited

Discourse types

Familiar storytelling Story retelling

narrative
Stroke/health story X
the Party
the Ring X
Hare and tortoise X

Cat rescue

Refused umbrella

Cinderella

apxn, Héon Kat TENOG.

Kotta&te TPt OAEG TIG EIKOVEG ME TN OEIPd. META TIEITE POV TL CUMPBAIVEL OF UTEG OOV UL LOTOPIX pE 4 -

L d

>

FIGURE 1

Home screen of the Refused umbrella task (picture adopted from the AphasiaBank protocol, MacWhinney et al.,, 2011).

2.3. Administration specifications

An elaborated Elicitation and Administration Guide* is
provided to the investigators who administer the protocol. The
guidelines serve the following main goals: (a) to ensure elicitation of
the narrative discourse type, and not descriptive or conversational

4 The Elicitation and Administration Guide is available in Greek at https://
www.planv-project.gr/files/applications/Elicitation_Administration_Guide_
PLan-V.pdf.
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discourse, (b) to minimize verbal interventions from the part of
the investigator, so the audio files acquired will be as “free” of
non-participants’ voice as possible, and (c) to facilitate uniformity
of administration across settings and investigators and, therefore,
acquisition of comparable speech samples across participants.
The guidelines follow the AphasiaBank instructions® and include

5 Instructions for the remote and local administration of the AphasiaBank

protocol are available at https://aphasia.talkbank.org/protocol/english/.
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FIGURE 2
Picture enlarging functionality of the Party task (picture adopted from the Kakavoulia et al., 2014 protocol).

specific prompts that should be used in case there are difficulties in
story production, as well as troubleshooting questions for each task.

The instructions of the seven discourse tasks emphasize the
production of the narrative mode and prompt participants toward
the production of stories with a beginning, middle and end (Wright
and Capilouto, 2009). At the same time, specific instructions
are given regarding verbal encouragements and interruptions.
Investigators are instructed to avoid verbal encouragements and
use non-verbal cues instead, such as facial expressions, eye contact
and gestures. Moreover, type and degree of verbal encouragements
and facilitating questions are controlled, allowing for gradually
more specific prompts, which range from general encouragements
to story-specific aids, in case of no response or serious
speech halting.

The administration procedure is preceded by a brief
introduction about the data collection process and its purpose.
Participants are requested to narrate the stories at their own pace,
and it is clarified that the investigator will not intervene, unless it
is needed. They are also informed about issues of personal data
protection and data access rights.

Participants sit in front of a computer screen or a laptop, which
has a built-in microphone. In case there is an external microphone,
it is placed close to the participants, between them and the screen.
Investigators are advised not to stand next to the participants while
they are examining the picture stimuli and producing the stories,
so no shared knowledge of the story is assumed by the participant,
a factor which might affect the linguistic characteristics of the
narrative (Holler and Wilkin, 2009). For this reason, investigators
are facing the participant and are not sitting next to her/him. Since
the elicitation protocol is lengthy, the web application design allows
its administration in several sessions. When a session of a number
of tasks is completed, the investigator can exit the application,
while all data collected are saved in the database. Login to the
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application with the same account initiates a new session, where
the investigator can select the next task from a dropdown menu,
skipping the tasks that have been already completed.

The same procedure, as well as elicitation and administration
guidelines, are being followed in case a participant is assessed
remotely in her/his own environment. Remote administration is
carried out via the web-based application in the context of a
teleconference, while the investigator is offering guidance to the
participant for navigating through the application (see more in
Section 3.2). Verbal encouragements and interruptions are still
recommended to be avoided, as in face-to-face sessions. However,
they are less likely to occur in remote elicitation settings, since the
investigators are advised to keep their microphone muted during
participants’ recording. Moreover, the factor of spatial proximity
between the participant and the investigator while narrating a story,
which might favor the assumption of shared knowledge of the story,
is not present in the remote elicitation setting. It should also be
noted that full implementation of remote administration is feasible
with the use of any remote desktop software, if desired, which
allows the investigator greater control of the application operation
and minimizes participants’ interactions with the computer.

2.4. Technical specifications

The application is written in Javascript, using the React]S
environment for the development of the interactive interface with
browser access. Audio files and images are uploaded and stored
on a remote computer (server), which uses Flask server software,
while user accounts are stored in databases. Development issues
were primarily related to the quality of sound recording, which
is essential for collecting samples for speech processing purposes,
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Screen of the Ring task, with audio and visual stimuli (picture adopted from the Kakavoulia et al., 2014 protocol).
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especially from people whose speech impairments might have
affected their voice quality in terms of intensity. More specifically,
the AudioWorklet technology was used, so that the recording and
any other processing can be done in a separate calculation thread,
leaving the basic functions of the user’s computer unaffected. This
ensures there are no distortions or interruptions in the audio
files. The files are recorded in high quality, with a sample rate of
44,100 Hz, 16 bit (cd quality), and sent via streaming during the
recording to ensure a smooth user experience. Recordings are saved
in a password-protected database, which provides data tracking
information for user, task, session, date and time.

3. Evaluation of the web-based data
collection method in neurotypical
adults

The web application for narrative discourse data collection has
so far been implemented for collecting narratives from PWA in an
in-person setting, where SLTs have been administering the protocol
of narrative tasks in the context of patients’ in-house treatment.
Moreover, spoken narratives are being collected from unimpaired
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individuals, both in in-person and remote settings. Data are
being collected, manually transcribed and processed with Natural
Language Processing (NLP) tools, with the aim of quantifying text
properties of spoken discourse production at several types and
degrees of impairment.

To evaluate and investigate the efficacy of the presented web-
based data collection method in remote elicitation settings, a
pilot study was conducted, aiming to compare narratives elicited
remotely to narratives collected in an in-person elicitation mode
from unimpaired adults. The main research question of the study
is: Are spoken narratives produced in remote elicitation settings
comparable to the ones produced in in-person settings, in terms of
specific characteristics of language production at the discourse level?

3.1. Participants

The study involved ten unimpaired, Greek-speaking adult
participants (five male and five female) and applies a random
sampling method. However, since the objective of the study
is to investigate the efficacy of an online discourse elicitation
method, which addresses a specific adult population, PWA, certain
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TABLE 2 Participants’ demographics and cognitive tests scores.

10.3389/fcomm.2023.919617

Age (years) Education (ISCED level) MMSE sc 5-objects sco
Mean (SD) Mean (SD) Mean (SD)
Min—Max Min—Max Min—Max
F(5) 65.8 (4.08) 4-5 29.2 (0.74) 25 (0.00)
61-70 28-30 —25
M (5) 61.8 (5.06) 6-8 30 (0.00) 25 (0.00)
57-70 —30 -25

inclusion criteria have been applied, so the sample is comparable
to the characteristics of the population that the method intends
to assess. Therefore, since aphasia is more common in older
than younger adults® (Ellis and Urban, 2016), the participants’
age ranges from 57 to 70 years (mean age = 63.8). Moreover,
since it is evidenced that educational level affects language
abilities of PWA (Gonzalez-Fernandez et al.,, 2011), as well as of
unimpaired individuals (Radanovic et al., 2004), the independent
variable of educational level should be controlled. Therefore, the
sample involves participants with a minimum ISCED level 4, i.e.,
individuals who have completed upper secondary education (N
= 3), participants having completed short-cycle tertiary education
(ISCED level 5, N = 2), as well as participants who hold a Bachelor’s,
Master’s, or Doctoral degree (ISCED levels 6,7, 8, N =2, 1, and 2,
respectively), according to the International Standard Classification
of Education (UNESCO-UIS, 2012). All participants were screened
using neuropsychological tools, namely the Mini Mental State
Examination (MMSE) (Folstein et al., 1975) and the 5-Object
cognitive screening test (Papageorgiou et al., 2014), to ensure
that their cognitive abilities were within the norms. Participants’
demographic details are presented in Table 2.

The study was approved by the Bioethics Committee of
the coordinating organization, University of Patras, Greece. All
participants have signed a Participation Consent Form, after being
informed on the study’s aims and objectives via a Participant
Information Sheet.

3.2. Data collection procedure

The study uses a within-subjects experimental design, since all
participants took part in both experimental conditions: in-person
and remote elicitation set up. The same investigator administered
the tasks to the same participant in both conditions, to eliminate
the effect of the investigators’ communication style on participants’
language production. Investigators were two linguists and one
SLT, members of the research team, experienced in administering
assessment protocols and familiar with the specific narrative
elicitation tasks. To eliminate the effect of prior knowledge of the
stories and task familiarity on language production, as a result of the
administration order between the two conditions, the sample was
split into two groups, with the first group being first investigated in

6 National Institute of Deafness and Other Communication Disorders.
Available online at: https://www.nidcd.nih.gov/health/aphasia (last accessed
April 6, 2022).
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the remote condition and the second in the in-person condition.
The two sessions had a minimum time distance of 1 week from
each other.

In the remote elicitation setting, participants performed the
narrative elicitation tasks via the web application in their own
environment, with the assistance of an investigator in the context
of a virtual meeting (video conferencing). The participants shared
their screen, so the investigator could help them enter their
account credentials and navigate through the application. The
investigators followed the same guidelines regarding order of
tasks, instructions, and interventions. Recording was directly
done through the participants’ laptop built-in microphone, and
not through the investigators’ laptop speakers, to avoid sound
distortion. Investigators had their microphone muted, to avoid
voice interference and overlaps during the participants’ narration.

In the in-person elicitation setting, the participant was in the
same room with the investigator, who administered the tasks via
the web application following the same guidelines.

3.3. Data transcription and processing

A total of 139 spoken narrative samples was collected, 70
elicited in the in-person condition and 69 in the remote condition.
Ten participants performed seven narrative tasks each, in two
conditions, with one missing data-point for one narrative task
in the remote condition. The recorded narratives were manually
transcribed in an orthographic format by three researchers
using the ELAN software. Transcriptions were manually time-
aligned, to allow for the automatic calculation of duration, and
manually segmented into utterances, following the AphasiaBank
guidelines for utterance segmentation; each utterance includes only
one main clause along with its depended subordinate clauses.
Repetitions, reformulations, and false starts were not included
in utterances transcription for uniform word count and MLU
calculation. According to the AphasiaBank guidelines, the period
and the question mark were used as utterance terminators.
Also, wide use of comma was applied, to indicate boundaries
of clauses and phrases, that would facilitate NLP tools to
perform accurate syntactic parsing. All transcripts were evaluated
and normalized by a single researcher to ensure uniformity
in utterance segmentation, as well as consistent application of
orthographic and punctuation criteria (e.g., use of comma before
a subordinate clause, use of full stop only at utterance final
position, word contractions etc.). Table 3 presents an overview of
the study dataset.
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TABLE 3 Overview of the study dataset.

In-person Remote

Narrative samples (N) 70 69

Total N of tokens 14,137 14,101
Mean N of tokens per 1,411.9 (424.57) 1,452.58 (423.006)
participant (SD)

Min-Max N of tokens per 918-2,441 936-2,492
participant

Total duration (s) 7,827.86 7,817.004
Mean duration per 782.24 (206.38) 783.63 (214.86)

participant(s) (SD)

Min-Max duration per 595.99-1,218.34 561.54-1,292.38

participant(s)

Transcripts were extracted by participant and task in plain
text format and processed with the Neural NLP Toolkit for
Greek’ (Prokopidis and Piperidis, 2020). The Neural NLP Toolkit
for Greek is a state-of-the-art suite of NLP tools for the
automated processing of Greek texts, developed at the Institute
for Language and Speech Processing/Athena Research Center
(ILSP/ATHENA RC). It currently integrates modules for part of
speech (POS tagging), lemmatization, dependency parsing and text
classification. The toolkit is based on code, models and language
resources developed at the NLP group of ILSP.

3.4. Measures of narrative discourse
production

According to recent literature reviews (Bryant et al, 2016;
Pritchard et al., 2018) on the analysis of discourse in aphasia,
more than 500 linguistic variables are being used to measure
spoken language abilities and intervention outcomes of PWA. To
address the variety and heterogeneity in methods, measures and
analyses of spoken discourse samples, recent research initiatives
are being undertaken toward the standardization of measures and
methods (Stark et al., 2021b), as well as the identification and
evaluation of primary linguistic variables for the reliable assessment
of language abilities in aphasia across discourse types and elicitation
methods (Stark, 2019). Moreover, given the growing availability
of shared databases, such as AphasiaBank, as well as of tools
for automated language analysis, statistical and machine learning
methods are being increasingly applied for the automatic analysis,
assessment and classification of PWA’s speech samples, quantifying
their linguistic properties and translating them into features used
for the computational modeling of aphasia (Stark and Fukuyama,
2021; Fromm et al., 2022).

Following Stark (2019), who extracted from AphasiaBank data
a set of eight primary linguistic variables which serve as proxies for
various language abilities at spoken discourse level, the same set
of features was selected to measure spoken language production

7 The Neural NLP Toolkit for Greek is available as a web application at http://
nlp.ilsp.gr/nws/.
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of participants at both experimental conditions. These features
correspond to the language abilities of linguistic productivity
(MLU), content richness (propositional density), fluency (words
per minute), syntactic complexity (verbs per utterance, open/closed
class words, noun/verb ratio), lexical diversity (lemma/token ratio)
and gross linguistic output (number of words). These linguistic
variables have been evaluated by Stark (2019) in a large sample
of PWA and unimpaired controls, drawn from the AphasiaBank
database, across three discourse types, expositional, narrative, and
procedural discourse, corresponding to four discourse elicitation
tasks of the AphasiaBank protocol: Broken window, Cat rescue,
Cinderella and Peanut Butter and Jelly (procedural discourse).
Her analysis showed significant effects of discourse type on the
linguistic properties of spoken discourse in both groups, with
similar findings across groups regarding discourse type sensitivity
to primary linguistic variables.

In the present study, the measure representing lexical diversity
was modified, since lemma/token ratio measure, which considers
inflectional variants of the same lemma as the same type, was
favored over the most commonly used type/token ratio measure,
which treats inflected forms of the same lemma as different
types. This decision was based on studies of lexical diversity in
narrative discourse of PWA and unimpaired controls (Fergadiotis
and Wright, 2011; Fergadiotis et al, 2013) which performed
a lemma-based analysis of lexical diversity. In these studies,
different inflected forms of the same word, for example eat, eats,
ate, were counted as one and the same type. The reason for
counting only unique lexical representations as separate types
was to avoid conflating the measure of lexical diversity with
the one of grammaticality, as reflected on the use of different
inflected forms of the same lemma. Lemma/token ratio has
also been applied in measuring lexical diversity in EFL learner
corpora (Granger and Wynne, 1999), as the use of different
lemmas (such as go, come, leave, enter, return) indicates greater
lexical richness than the use of different inflected forms of
the same lemma (such as go, goes, going, gone, went). For
these reasons, as well as given that Greek is a highly inflected
language, the present study adopts the lemma-based analysis of
lexical diversity as a more representative measure of speakers’
vocabulary range.

Moreover, two additional measures of syntactic complexity at
the inter-clausal level were implemented, subordinate/all clauses
ratio and mean dependency tree height. These measures were
selected as relevant to NLP-based linguistic features extraction for
the automatic processing of language data. They have been widely
employed as highly effective measures of linguistic complexity
in various fields of the automatic processing of texts, such
as automatic text readability assessment (Vajjala and Meurers,
2012), Second Language Acquisition (SLA) research (Chen et al.,
2021), automatic analysis of language production in aphasia
(Gleichgerrcht et al., 2021), automatic Primary Progressive Aphasia
(PPA) subtyping (Fraser et al., 2014) and automatic Alzheimer’s
Disease identification (Fraser et al., 2016). Subordinate/all clauses
ratio represents the ratio of all subordinate clauses (complement,
adverbial, relative clauses) to all clauses produced in the
same narrative, including subordinate and main clauses. Mean
dependency tree height measures the height of the dependency tree
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TABLE 4 Linguistic measures for analyzing discourse production and their
correspondence to language abilities (a.-h. adapted from Stark, 2019).

Measure Definition Language
ability

a. Mean length of Average number of words per Linguistic

utterance (MLU) utterance (excluding productivity

repetitions and
reformulations)

b. Propositional density Number of verbs, adjectives, Content richness
adverbs, prepositions, and
conjunctions divided by the

total number of words

¢. Words per minute Total number of tokens Fluency
divided by total story duration

d. Verbs per utterance Average number of verbs per Syntactic
utterance complexity

e. Lemma-token ratio Number of lemmas divided by | Lexical diversity
the total number of words
(tokens)

f. Open-closed class Ratio of open class words Syntactic

words ratio (nouns, verbs, adjectives, complexity
adverbs) divided by closed
class words (all other classes)

g. Noun-verb ratio Ratio of nouns to verbs Syntactic

complexity

h. Number of words Total number of words Gross output

(tokens) produced
i. Subordinate/all clauses Number of subordinate Syntactic
ratio clauses (complement, complexity
adverbial, relative clauses)
divided by the number of all
clauses produced
j. Mean dependency tree Height of the dependency tree | Syntactic
height (syntax tree) complexity

(corresponding to the syntax tree). The higher the dependency tree,
the more complex the syntactic structure.

Table 4 presents the linguistic measures applied in the present
study for the analysis of narrative discourse production and their
correspondence to language abilities.

All these measures were automatically calculated using the
tokenization, lemmatization, POS tagging and dependency parsing
modules of the Neural NLP tool for Greek. More specifically,
the measures of mean dependency tree height and subordinate
clauses ratio were calculated using the dependency parser
module. Since the dependency parser analyzes sentences, which
consist of multiple main clauses -together with their subordinate
clauses- connected with coordinating conjunctions, manual post-
processing of transcripts was carried out, in order to convert
utterances into sentences. As part of this process, several utterances
were merged into a single sentence, using mainly intonational
criteria, as shown in the following example:

and then the witch found a pumpkin from the garden.
she gave it a hit.

and the two mice that accompanied Cinderella, she

‘ and she transformed it into a carriage.
‘ transformed them into two very nice horses.
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Each one of the above lines corresponds to a separate utterance
of the transcript. At post-processing, following the speaker’s
intonation contour, the four utterances were merged into a single
sentence, beginning with a capital letter, and ending in a full stop or
a question mark:

And then the witch found a pumpkin from the garden, she
gave it a hit, and she transformed it into a carriage, and the two
mice that accompanied Cinderella, she transformed them into
two very nice horses.

Post-processing was carried out by a single researcher, to
ensure uniformity of sentence segmentation. Extensive evaluation
of the automatically computed feature values was performed by
two researchers, which led to script modifications, until minimal
calculation errors were identified. For example, there were cases
of passive participles tagged as verbs by the POS tagger, on the
basis of their morphological characteristics, but actually had the
syntactic role of an adjectival modifier (example 1) or a nominal
subject (example 2) or object (example 3). The script written to
calculate POS from the POS tagger output was modified to assign
the POS tag “adjective” (example 1) and “noun” (examples 2-3) to
the respective words.

(1) H kanuévn (POS: VERB | VerbForm: Part | syntactic role:
amod) n Xrtaxtomovta ta EBrsme Oia autd. (Poor
Cinderella was watching all this.)

(2) Xtn yroptin avty vrapyovv Siapopot kareo pévot. (POS:
VERB | VerbForm=Part | syntactic role: nsubj) (In this party
there are several guests.)

(3) Kt étot rouwdv o mplykimras Bpiokel tnv ayawnuévn
(POS: VERB | VerbForm=Part | syntactic role: obj) tov. (And
so, the prince finds his beloved.)

4. Results

As a first step of analysis, correlations between the linguistic
measures presented in Section 3.4 were calculated, to explore
whether the selected measures contribute significantly in describing
the language abilities of the participants at the discourse level.
Linguistic variables were averaged across all narrative tasks and
across the two elicitation conditions, in-person and remote. Results
are presented in Table 5.

The results indicate some strong and expected correlations
between certain linguistic variables. MLU correlates with three
variables of syntactic complexity, i.e., verbs per utterance, ratio
of dependent to all clauses, and mean tree height, indicating
the interdependence of the utterance length with the structural
complexity at utterance and sentence level. Accordingly, a strong
correlation is found between the aforementioned variables of
syntactic complexity, indicating that there is a close two-way
relationship between the number of verbs in an utterance, the
density of subordination at inter-clausal level, and the overall
structural complexity at sentence level, as represented by the
syntax tree. These results reveal some predictable but meaningful
interactions between variables of linguistic productivity (MLU) and
syntactic complexity (VPU, MTH, and Dep/Cl).
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TABLE 5 Correlations between linguistic variables of narrative discourse production across elicitation condition.

MLU WPM VPU TTR NVR NoW  OCCW Dep/Cl MTH PrD
MLU 1
WPM —0.470 1
VPU 0.981 —0.412 1
LTR 0.487 —0.477 0.410 1
NVR 0.656 —0.642 0.538 0.762 1
Now —0.195 0.382 —0.110 ~0.710 ~0.461 1
0CCcw —0.343 0.078 —0.267 —0.165 —0.269 0312 1
Dep/Cl 0.952 —0.486 0.958 0.541 0.676 —0.167 —0.192 1
MTH 0.987 —0.496 0.968 0.496 0.692 —0.169 —0.335 0.952 1
PrD —0.581 0.545 —0.519 —0.829 —0.890 0.551 0243 —0.662 —0.638 1

MLU, mean length per utterance; WPM, words per minute; VPU, verbs per utterance; LTR, lemma-token ratio; NVR, noun-verb ratio; NoW, number of words; OCCWR, open-closed class
words ratio; Dep/Cl, dependent clauses divided by total number of clauses; MTH, mean tree height; PrD, propositional density. Values in bold indicate strong correlations (> =£0.95).

We subsequently analyzed the linguistic variables under
investigation across the two experimental settings, and across
the seven narrative tasks. As described in Section 3.2, the two
experimental groups consisted of the same participants. Therefore,
these two samples are considered as dependent, which entails
paired measurements of the same participant. Subjects within each
group are independent. Given the small sample size (<30), it is
hard to test the sample data for normality. Therefore, the non-
parametric equivalent of the paired ¢-test, the Wilcoxon signed-
rank test, was conducted. Supplementary Table 1 presents the
results of the dependent-sample Wilcoxon test conducted for each
one of the ten variables under investigation per narrative, making
a total of 70 tests. Formally, the test hypothesis is formulated
as follows:

(1) Null hypothesis (HO): The difference between the pairs follows a
symmetric distribution around zero.

(2) Alternative hypothesis (HA): The difference between the pairs
does not follow a symmetric distribution around zero.

The results did not reveal any statistically significant differences
(p-value > 0.05) for 66 out of the 70 tests. The fact that no
statistically significant differences were demonstrated for the vast
majority of the linguistic variables analyzed per narrative task
suggests that the administration condition did not have a significant
effect on the linguistic properties of the spoken narratives produced
by the study participants. In four cases, statistically significant
mean differences emerged, i.e., in MLU, Verbs per Utterance and
Mean Tree Height for Cinderella, and in Noun-Verb ratio for the
Ring task. In the case of the Cinderella task, the means of MLU,
VPU and MTH were significantly higher in the remote elicitation
condition, as was the mean of NVR in the case of the Ring. All
these measures correspond to features of syntactic complexity,
while three of them, MLU, Verbs per Utterance and Mean Tree
Height, were strongly correlated variables (Table 5). The Cinderella
task is found to be one of the most sensitive discourse elicitation
tasks to measure propositional density and syntactic complexity in
spoken narratives of both PWA and unimpaired controls (Stark,
2019). Although this may not directly serve as an explanation of
the rejection of the null hypothesis for three syntactic complexity
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variables, further investigation in a larger sample of participants
is needed to explore whether the remote condition elicits more
syntactically complex language, at least in the case of Cinderella,
which has been demonstrated as a good elicitation task to measure
syntactic complexity.

5. Discussion

This paper presents the design, methodological considerations
and requirements of a web-based method designed to facilitate
spoken narrative discourse data collection from Greek-speaking
PWA and unimpaired adults in remote as well as in in-person
administration conditions for online assessment purposes. The
application comprises a 7-task protocol for narrative discourse
elicitation, guidelines to ensure reliable elicitation of narrative
discourse type, appropriate sampling of participants’ spoken
discourse, and consistent administration across investigators and
settings. Transcription procedures of speech samples, as well as
procedures for the automated analysis of transcripts with available
NLP tools for Greek texts, enabling the calculation of linguistic
features that can serve as indicators of language abilities are
also described.

As a first step for validating the presented method, a pilot study
was conducted including only unimpaired adults and comparative
results of narrative discourse produced in two different conditions
of data collection, i.e., in-person and remote setting, are presented.
The aim of the study was to investigate the feasibility of the
presented method to elicit spoken narratives in remote collection
settings that are comparable to the ones produced in in-person
settings, in terms of specific characteristics of language production
at the discourse level. Spoken narratives were collected with the
use of the presented application in both conditions, using a within-
subjects experimental design.

A set of ten linguistic variables representing various language
abilities at the spoken discourse level, i.e., linguistic productivity,
content richness, fluency, syntactic complexity at utterance and
sentence level, lexical diversity, and verbal output, was selected
to quantify spoken language production of participants in both
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experimental conditions. Statistical analysis for each variable per
narrative task indicated non-significant differences for most of the
paired samples mean difference measurements, a finding which
indicates the efficacy of the presented method to collect spoken
narrative discourse samples from neurotypical adults with similar
linguistic properties in both conditions.

A major limitation of the presented study is related to the small
number of participants. Even though the statistical hypotheses were
tested on a sufficient dataset of speech samples per participant,
in terms of task variety, time duration and number of tokens
(Brookshire and Nicholas, 1994; Boles and Bombard, 1998), the
small sample size compromises the generalizability of results to a
broader population of neurotypical adults.

Moreover, the fact that the method’s validation included only
unimpaired controls, and not PWA, does not allow considering the
present study results generalizable to the population of PWA. PWA
represent a vulnerable population that often suffers from coexisting
chronic physical dysfunctions, cognitive impairments as well as
negative social and emotional outcomes, such as depression and
low social participation (Kauhanen et al., 2000; Mayo et al., 2002;
Hilari et al., 2015). These conditions might affect PWA’ ability
to use technology-enhanced assessment environments remotely,
without in-person supervision by an investigator. Despite the fact
than none of the study participants needed help in navigating
through the application or in setting up the teleconference,
replicating the study with PWA, or even with unimpaired
participants of lower educational level, might reveal issues related
to the independent use of technology that did not occur in the
present study.

Therefore, the planned next step for validating the presented
method is to conduct the same study on participants with
aphasia, to demonstrate its feasibility in collecting comparable
data from adults with language impairments in remote and in-
person assessment settings. This study can include participants
of different aphasia severity levels, with the aim to identify
possible differences in linguistic variables of spoken discourse
across elicitation conditions and to investigate the effect of aphasia
severity on these differences. Moreover, evaluation of the selected
linguistic variables can identify effects of narrative tasks on
language production properties in each population, PWA and
neurotypical adults, and in comparison with each other, which can
be further explored across elicitation condition, i.e., remote and in-
person. A complementary area of future research is to investigate
the contribution of additional linguistic variables, such as features
related to informational content and narrative macrostructure, in
the description of language abilities of both PWA and unimpaired
adult populations, as well as the effect of elicitation condition on
these variables.

Future work will also involve replication of the study in a
larger sample of unimpaired adults of different age groups and
educational levels, with the aim to investigate the impact of these
demographic variables on different elicitation conditions. Age and
educational level might have an effect on participants’ performance
in the remote elicitation condition, which is heavily related on
technology skills, so future research could contribute to testing
this hypothesis.
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Given the above limitations, our findings are aligned with
prior studies (Palsbo, 2007; Theodoros et al., 2008; Hill et al., 2009;
Dekhtyar et al., 2020) which compare online assessment methods
addressed to individuals with language and communication
disorders in remote and in-person conditions, suggesting
that both settings produce comparable results in terms of
language production. Concerns raised regarding participants’
technology skills need to be considered for the method’s effective
implementation, by adding special instructions for participants
and troubleshooting guidelines for investigators in case of
remote elicitation of spoken discourse from either impaired or
unimpaired individuals. Instructions can include issues such as
setting up a teleconference, screen sharing, microphone muting
and unmuting, as well as navigating through the application.
However, it is worth noting that the use of the presented web-
based application is still feasible even in case of participants with
limited or no technology skills, with the use of a remote desktop
software by the investigator, which will allow full control of the
participant’s computer.

The presented web-based data collection method is currently
being employed for collecting spoken language data from PWA
in-person and from unimpaired individuals, either remotely or
in-person. This dataset (speech samples, transcripts, features
measured and labels for aphasia class) serves as a golden corpus,
which provides the ground truth, on the basis of which a machine-
learning system for the automatic classification of aphasia in Greek
will be assessed and evaluated. A substantial amount of manual
work is carried out for compiling this corpus; manual transcription
and time-alignment, utterance segmentation and sentence splitting.
Since a large amount of data is required to train accurate
linguistic models for automatic classification purposes, ongoing
research activities are being carried out that aim to automate
manual work involved in the data processing and analysis pipeline
(Chatzoudis et al., 2022) for aphasia classification purposes, such
as Automatic Speech Recognition in Greek for transcription and
time alignment.

In sum, the presented method, as evidenced from the present
study findings, offers an applicable, feasible and valid framework
for both in-person and remote online elicitation of spoken narrative
discourse samples for the assessment of language abilities of adult
populations without language disorders. The next step will be to
investigate its feasibility to collect comparable spoken discourse
data from adults with language disorders in remote and FTF
settings. In line with the current literature on language and
communication disorders assessment and intervention, which
highlights the need for the modification of conventional pen-
and-paper methods to accommodate technology-enhanced tools
and applications, the present paper provides some initial evidence
toward the reliable implementation of technology applications for
remote language data collection and assessment of language skills.
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Background: In order to leverage the potential benefits of technology to
speech and language therapy language assessment processes, large samples of
naturalistic language data must be collected and analysed. These samples enable
the development and testing of novel software applications with data relevant to
their intended clinical application. However, the collection and analysis of such
data can be costly and time-consuming. This paper describes the development
of a novel application designed to elicit and analyse young children’s story retell
narratives to provide metrics regarding the child’s use of grammatical structures
(micro-structure) and story grammar (macro-structure elements). Key aspects
for development were (1) methods to collect story retells, ensure accurate
transcription and segmentation of utterances; (2) testing the reliability of the
application to analyse micro-structure elements in children’s story retells and (3)
development of an algorithm to analyse narrative macro-structure elements.

Methods: A co-design process was used to design an app which would be used
to gather story retell samples from children using mobile technology. A citizen
science approach using mainstream marketing via online channels, the media
and billboard ads was used to encourage participation from children across
the United Kingdom. A stratified sampling framework was used to ensure a
representative sample was obtained across age, gender and five bands of socio-
economic disadvantage using partial postcodes and the relevant indices of
deprivation. Trained Research Associates (RA) completed transcription and micro
and macro-structure analysis of the language samples. Methods to improve
transcriptions produced by automated speech recognition were developed
to enable reliable analysis. RA micro-structure analyses were compared to
those generated by the digital application to test its reliability using intra-class
correlation (ICC). RA macro-structure analyses were used to train an algorithm
to produce macro-structure metrics. Finally, results from the macro-structure
algorithm were compared against a subset of RA macro-structure analyses not
used in training to test its reliability using ICC.

Results: A total of 4,517 profiles were made in the app used in data collection and
from these participants a final set of 599 were drawn which fulfilled the stratified
sampling criteria. The story retells ranged from 35.66s to 251.4s in length and had
word counts ranging from 37 to 496, with a mean of 148.29 words. ICC between
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the RA and application micro-structure analyses ranged from 0.213 to 1.0 with 41
out of a total of 44 comparisons reaching ‘good’ (0.70—0.90) or ‘excellent’ (>0.90)
levels of reliability. ICC between the RA and application macro-structure features
were completed for 85 samples not used in training the algorithm. ICC ranged
from 0.5577 to 0.939 with 5 out of 7 metrics being ‘good’ or better.

Conclusion: Work to date has demonstrated the potential of semi-automated
transcription and linguistic analyses to provide reliable, detailed and informative
narrative language analysis for young children and for the use of citizen science
based approaches using mobile technologies to collect representative and
informative research data. Clinical evaluation of this new app is ongoing, so
we do not yet have data documenting its developmental or clinical sensitivity and

specificity.

story retell, citizen science, language sample, machine learning, speech pathology,

story grammar

Introduction

The study of children’s language acquisition has a long history.
This fundamental developmental achievement has been
scrutinised by scholars from many different disciplines, including
psychology, linguistics, education and speech and language
pathology. A key method to examine children’s language learning,
which has yielded crucial insights since the inception of audio-
recording technology, is to record a sample of a child’s interaction,
transcribe the language heard, and analyse the linguistic structures
used by the child (Bernstein Ratner and MacWhinney, 2019).
Although not without challenges, recording and analysing a
language sample has long been recognised as an ecologically valid
measure of a child’s language abilities in a functional context
(Miller, 1996). In addition to research contexts, the analysis of
language samples yields important insights for speech and
language therapists/pathologists who work with individuals with
language disorders.

Language samples and their place in
clinical practice

Transcribing and analysing samples of a child’s spoken
language supports clinicians in evaluating performance with
reference to typical development, undertaking goal-setting, and
measuring progress. It is seen by some as the “gold standard” for
analysing a child’s language skills with advantages over
standardised testing procedures, including a more naturalistic
assessment of a child’s ability and potentially providing less
culturally biased measures of a child’s development (Heilmann
et al, 2010). It is also possible to repeat a language sample
assessment more frequently than a standardised test without any
threat to the validity or reliability of the procedure, and so enable
evaluation of progress over time (Wilder and Redmond, 2022).
Samples of narratives and story re-tells are particularly informative
contexts for linguistic analysis in terms of their ability to
distinguish between diagnostic subgroups (Botting, 2002) due to
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the high processing demands they place on the speaker to uncover
impairments (Wagner et al., 2000). Importantly, they are also a
very sensitive predictor of prognosis in both language and literacy
outcomes in children with early language difficulties (Bishop and
Edmundson, 1987; Botting, 2002; Miller et al., 2006). Analysis of
narratives and story retells can focus on micro-structure elements,
such as grammatical morphology, syntax and vocabulary and
macro-structure features, related to the overarching organisation
and coherence of the story, sometimes referred to as ‘story
grammar’ (Westerveld and Gillon, 2010; Gillam et al., 2017). The
former is highly informative to the clinician concerning the
presence and nature of semantic and morpho-syntactic deficits and
their impacts on functional communication; the latter brings
insights related to discourse and pragmatic abilities.

Recent changes to diagnostic criteria for Developmental
Language Disorder (DLD) bring a renewed focus on methods to
evaluate a child’s ability to use language functionally in context. A
DLD diagnosis is not determined by cut-points on standardised
tests but rather by a language problem that ‘causes functional
impairment in everyday life, (Bishop et al., 2017 p. 1068). Few
rigorous and reliable assessment methods exist for identifying such
functional impairments. Language sampling and analysis offer
such a method; however, many barriers prevent its widespread use
in clinical practice.

Barriers to the use of language sampling in
practice

Despite numerous calls for clinical practice to change, so that
language sampling, transcription and detailed analysis become
standard practice, barriers of time, skills, knowledge and confidence
levels continue to prevent this (Kemp and Klee, 1997; Westerveld,
2014; Pavelko et al., 2016; Pezold et al., 2020; Klatte et al., 2022).
Training alone has been insufficient in leading to increased use of
language sample analysis, despite clinicians having an awareness of the
benefits (Klatte et al., 2022). Therefore, barriers other than skills and
knowledge also need to be addressed.

frontiersin org


https://doi.org/10.3389/fpsyg.2023.989499
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

Bright et al.

The use of technology to support the use
of language sample analysis in clinical
practice

Computer-based language sample analysis is a way to gather
qualitative information about a child’s language that complements
other assessment processes (Pezold et al., 2020; Klatte et al,, 2022).
Furthermore, the use of technology to semi-automate processes of
transcription and analysis has the potential to ameliorate barriers of
time and perhaps to scaffold and support clinicians who are less
confident in linguistic analysis. However, despite the presence of
existing software and training programs, clinicians report that the
hurdles described above persist (Klatte et al., 2022). Hence, currently
available tools are not yet suited to clinical practice in terms of ease
of use and time demands. Klatte et al. (2022) suggested that language
sampling software developed in codesign with clinicians and shorter
narrative-based sampling could overcome some of the
identified obstacles.

Challenges also exist in developing automated language analysis
technology which can provide clinicians with the relevant analysis
of micro and macro structures required to inform diagnosis and
intervention. Micro-structure elements vary in the degree of
challenge they present to automated analysis depending on the
ambiguity and potential for miscategorisation. Identifying a
determiner such as ‘the’ is relatively easy, a bound morpheme such
as -ed is more complex, and a copula, whose identification rests on
the surrounding context, is substantially more challenging. Macro-
structure, or ‘story grammar’), is evaluated through the identification
of the presence of the description by the speaker of factors such as
the story setting, the initiating event, and the characters’ internal
response, together with a rating of the success or sophistication of
the language used to describe those elements (Westerveld and
Gillon, 2010). Potential automation to assist in this process requires
the software to recognise the many different ways a speaker might
encode an internal response or a setting and ascribe a relatively
subjective rating to them.

The use of citizen science to support the
development of an automated language
analysis tool

Citizen science approaches involve members of the public as
collaborators in scientific research, such as in formulating research
questions, data collection or analysis of findings (Bonney et al., 2009).
The relatively low cost of mobile app based data collection, high-quality
audio recording, and attractive ‘gamified’ data elicitation procedures
(Gillan and Rutledge, 2021) bring unprecedented opportunities to
gather large-scale naturalistic language data. Furthermore, targeted
marketing campaigns can enable geographical and socio-economic
reach that may otherwise be difficult or costly. In this way, citizen
science approaches enable the development and testing of novel
software applications with large-scale data relevant to their intended
clinical and research application. While citizen science approaches
offer an attractive means of gathering data at low cost and quickly from
a broad group of participants, limitations include variability in data and
potential differences in how similar data would be collected in person
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by researchers. Here we examine the potential of such approaches to
be used to develop a language sampling and analysis tool.

The current study

A product or tool that supports story retell elicitation, automated
speech recognition, transcription improvement and language analysis
is yet to be realised (Scott et al., 2022). This study takes the first steps
in developing such a tool for language sample elicitation, collecting a
large representative sample of young children’s naturalistic language
and developing and testing the app’ ability to accurately analyse key
aspects of the child’s linguistic development.

The Language Explorer data collection app aimed to elicit a
language sample via a story retell task and provide users with software-
based tools to support transcription and analysis of micro and macro-
structure elements of the samples. Supported by funding from an
NIHR i4i Product Development Award, software was co-designed
with children and clinicians. To develop a reliable and valid tool,
we needed to collect large-scale data representing the likely range of
ages and language abilities we would see in the clinical context for
which the tool was intended. This would allow micro-structure
analytical methods to be refined and a macro-structure analysis
algorithm to be trained. To ensure Language Explorer could be used
reliably in practice, we also needed to ensure it was acceptable to
families. In 2020 we embarked on a Citizen Science study with two
stages: (1) to collect a representative sample of United Kingdom
children’s story retelling using the Language Explorer app and (2) to
complete the development of the language transcription and
analysis tool.

We aimed to address the following research questions:

« Is it possible to gather a representative stratified sample of story
retell recordings of children aged 4-7years across the
United Kingdom using Citizen Science methods?

o How acceptable is the Language Explorer App to families
participating in the citizen science project?

o Is the quality of the recordings sufficient for reliable transcription
and analysis?

o What level of reliability in automated micro-structure analyses
can be achieved?

« Is it possible to develop a software platform that can provide
reliable macro-structure analyses? If so, what level of reliability
can be achieved?

The following presents the methods and results for each stage of
the citizen science project, including data collection and analysis. The
clinical evaluation of the tool will be reported in later publications.

Methods

The study had four phases (1) design and development; (2)
language sample data collection; (3) data analysis and software
refinement and (4) software testing. Phases 3 and 4 involved different
methods for the macro and micro-structure elements. The phases,
their linkage and their sub-components are represented in Figure 1.
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1. Design and
Development Phase

2. Data Collection Phase

requirement gathering

Proof of concept development and ’

Language Explorer Data

Collection App

Transcription and Analysis
Platform

National outreach via social media, marketing and billboards

Collection of samples recorded via Data Collection App

Manual grading of audio and verification of eligibility

Assignment of samples to RAs

Addtional filtering of non-eligible samples

3. Data Analysis and
Software Refinement

Transcription and micro-structure

Piloting of transcription and
micro-structure analysis
(subsample A)

Criteria for macro-structure scoring
developed and agreed

Tranining of RAs

Piloting of macro-structure analysis

Post pilot improvements to
transcription tool and

micro-structure measurement

Tranining of RAs

Refinement of macro-structure
scoring criteria

Transcription and micro-
structure analysis by RAs
of Subsample B (n=600)

Scoring of subsample B (n=600)
by RAs

Macro-structure analysis

Training of machine learning
algorithms

Macro-structure

and scoring by RAs
of subsample D (n=85)

Transcription and micro-structure

analysis by RAs of Subsample D

ICC micro-structure
agreement scores calculated
for subsample C (n=599)

(replacement monolingual
samples) (n=85)

4. Software Testing

FIGURE 1
Project phases.

ICC macro-structure agreement
scores calculated for subsample D
(n=85)

Design and development

Codesign of the language explorer data
collection app

Using principles of user-centred design and co-design, the
design team worked with clinicians, parents and children of
primary school age to develop the content for the story retelling
stimulus. The semi-animated story of a boy on a treasure quest
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underwent usability testing with children. Using a standard
usability testing approach (Gomoll, 1990; Norman and Kirakowski,
2018) children, clinicians and parents at two Hackney schools were
provided with the app on iPads, given an overview of the app’s
purpose, provided with instructions to use the app from start to
finish and observed using it. Verbal feedback and observations
relating to engagement, accessibility and ease of use were collected.
Based on the usability testing, instructions were refined, button
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sizes adjusted and user experience design elements were added to
make progressing through the app more intuitive. The story script
was developed following advice from researchers with specialist
knowledge of syntactic structures likely to be challenging to
children with language disorders. A survey to elicit parent feedback
during the citizen science phase was also included (see Appendix 1).

Codesign of the transcription and
micro-structure analysis platform

Proof of concept work examined the potential for using speech
recognition for child language sampling and analysis was completed.
‘Requirement gathering’ was completed to determine what a project
needs to achieve and what needs to be created to make that happen.
Feedback was elicited from clinicians on early-stage prototypes with
iterative improvements in the design of the transcription improvement
tool (to manually improve the accuracy of transcription provided by
the Automatic Speech Recognition software) and micro-structure
analysis software between workshops.

Language sample data collection

A United Kingdom wide campaign was undertaken to call for
participants to crowdsource samples using the Language Explorer app.
Ethical approval was provided by Bristol University (reference 97,304).
Outreach via social media, press and paid targeted marketing was
conducted. In addition, the use of location-targeted billboards was
designed to attract attention to the study. The outdoor media was
placed to take advantage of the expected traffic of parents with
children within the target age range, including within a short range of
schools and transport hubs. Campaign messaging encouraged
participants to contribute to the study to help children with language
disorders in the future.

The app was downloadable from the AppStore and PlayStore.
Consent for the data to be used for research was sought via the app.
Recordings were transferred to a designated data management
platform meeting GDPR requirements. Families could complete the
task offline with data only uploaded when they were next online to
reduce reliance on connectivity. In addition to the audio recordings,
demographic data were entered in the app by the end-user,
presumed to be the parent/carer key to enable stratification of the
sample and consideration of exclusion and inclusion criteria for
data analysis. These were the child’s age, country, partial postcode,

TABLE 1 Target stratified sampling frame.

10.3389/fpsyg.2023.989499

whether the child had a diagnosed communication difficulty or
disorder or other disability and the languages spoken in the home
(see Appendix 1). A proportionate stratified sampling approach was
used to gather participants to use in the piloting and training of the
such that
United Kingdom equally distributed by sex, five age bands (4:0-4:5;
4:6-4:11; 5:0-5:11; 6:0-6:11; and 7:0-7:11) and quintiles of socio-
economic disadvantage (see Table 1 for planned sample). The latter

software it would cover children across the

was defined using partial postcodes. Partial postcodes were used to
enable stratification whilst remaining at a level of granularity
unlikely to raise concerns amongst participants regarding
confidentiality and data protection. The 2019 Indices of Multiple
Deprivation (IMD) for each United Kingdom nation were consulted
(McLennan etal., 2019). National quintiles for each partial postcode
area were created by averaging the IMD ranking of all postcodes
represented within the partial postcode area. Participants’ partial
postcodes were then mapped to these quintiles.

Samples from outside of the United Kingdom or where children
spoke a language other than English were excluded from further
consideration at this phase, as were children with an identified
disability or communication disorder. The focus on monolingual
typically developing children at this stage was to enable valid
comparison of these data to the planned clinical evaluation population.
Recruitment continued until all strata contained the target numbers
with the desired characteristics. For example, 20 children aged
4-4:05 in each IMD quintile made up of 10 girls and 10 boys (see
Table 1).

Sample achieved

In achieving the stratified sample, 4,517 profiles were made in the
Language Explorer data collection app (Figure 2). Following the
exclusion of 329 profiles registered as being from outside Great Britain
or Northern Ireland, a total of 4,188 profiles remained. Of the 4,188
profiles, 2,340 had completed the story retelling, sentence
comprehension and repetition tasks. The initial exclusion of
participants who were not English first language participants and/or
listed as having a communication or other disability left 1,451 samples.
A further 312 participants that would have otherwise been eligible
were excluded as they were not graded as audible when samples were
screened manually. Samples graded as audible totalled 889.

The obtained recordings were used for differing purposes with
different subsamples of children drawn from the pool of 889 as
appropriate to the purpose of the work.

4:06—4:11 5:0-5:05 5:06-5:11

N=100 N=100 N=100 N=100 N=100 N=100
IMD Q1 20 20 20 20 20 20
IMD Q2 20 20 20 20 20 20
IMD Q3 20 20 33 20 20 20
IMD Q4 20 20 20 20 20 20
IMD Q5 20 20 20 20 20 20

M (50) M (50) M (50) M (50) M (50) M (50)

F (50) F (50) F (50) F (50) F (50) F (50)

IMD, indices of multiple deprivation (Office for National Statistics, 2019); Q, quintile where 1 is the least deprived and 5 is the most deprived.
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Profile made in app
n=4517
Y
‘| Profile made outside GB&NI Samples used for piloting
o n=329 (subsample A) (n=15)
A 4
Profile made in app within GB&NI
n=4188
A 4
Profile completed at least story
retell task n=2340
Inclusion criteria (other than Samples not clloca-ted to study
. . as surplus to requirement for
monolingual English) met R .
. relevant bin within sampling frame
and audible n=889
n=804
Subsample B (n=600)
Y
#{ Bilingual samples N=86
A 4
Replacement monolingual
Subsample C (n = 599) samples (subsample D)
(n=85)
FIGURE 2

Participant flow chart.

Subsample A: Piloting and micro-structure analysis refinement
- a sample of 15 English-speaking children from outside of the
United Kingdom surplus to requirement for the stratified sample but
of sufficient quality for piloting and for RA training.

Subsample B: Development of the macro-structure algorithm
- 600 children either monolingual or bilingual with English as a
first language who met our stratification strategy with respect to
gender, IMD and age. This was made up of 86 bilingual children and
514 monolingual children. It was proving difficult to identify
monolingual children fitting precisely into the required stratified
sampling frame with respect to age, gender and IMD. Including
English first language bilingual children allowed the development
of the algorithm to proceed whilst monolingual replacement
samples were sought.

Subsample C: Testing of the micro-structure analysis — 599
monolingual children who met our stratification strategy with respect
to age, IMD and gender. A monolingual only sample was required for
the testing phase to better align with the participants expected to
be recruited for the later clinical evaluation. Therefore this sample is
made up of the 514 monolingual children in subsample B plus new
monolingual children with the same age, gender, IMD characteristics
as the 86 bilingual children dropped from subsample B. We identified
85 appropriate monolingual children giving a total of 599 in
this subsample.
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Subsample D: Testing of the macro-structure analysis — 85
monolingual children not used in the development of the macro-
structure analysis algorithm also used in subsample C.

Data analysis and software refinement —
Micro-structure

Anonymous recordings were received by the research team in the
data management platform. Data were then analysed by a tea of four
research associates: three junior research assistants (RAs) who were
all clinically qualified SLTs and one lead RA, also a qualified SLT and
with an additional qualification in linguistics, all based at Newcastle
University. Following checking of audio, samples in each stratum were
allocated to one of the three RAs, each completing transcription and
analysis. RA1 completed transcribed and analysed 36% of the samples,
RA2 44% ad RA 3 19%. The lead RA carried out reliability checking
of 10% of samples. RAs were ‘blind’ to the age, gender and other
demographic data of the sample. A further quality assurance process
took place at this stage, where the RAs judged several samples not to
be suitable for language analysis. Samples were excluded where the
story’s content was too short, the narrative was incomplete, where it
was judged there was too much secondary speaker input, which
limited the child’s performance, for example, the adult retold the story
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and the child repeated what the adult had said, or where a non-English
language was spoken. These samples were flagged and removed, and
replacement samples meeting the same demographic criteria
necessary for the stratification sample were allocated. The RAs
discussed with the lead RA if they had questions about the inclusion
of a sample.

The goal was to compare the Language Explorer analysis of micro-
structure components to the Systematic Analysis of Language
Transcripts (SALT) software (Miller et al., 2019). SALT is the most
widely used language analysis software designed for clinical use and
has high levels of validity and reliability (Tucci et al., 2022). The SALT
software requires the researcher or clinician to transcribe and annotate
the transcript following particular conventions and then automatically
calculates certain micro-structure features in language samples, e.g.,
the number of adjectives and prepositions. It also allows the user to
manually mark other morphological markers that it can then calculate
automatically, e.g., plural -s, past tense -ed, and personalised tags such
as auxiliary and copula verbs. The RAs needed to be both reliable and
consistent in their transcription and utterance segmentation and in
the conventions required by the SALT software for accurate analysis.
These consist primarily of additional ‘tags’ required to identify key
micro-structures in the sample. The three RAs were trained using
subsample A - pilot dataset of 15 samples which were not included in
any further analysis. The aim was to achieve greater than 85% inter-
rater agreement in manual transcription and SALT language analysis
before moving on to the samples to be used in the later phases of the
method. The lead RA compared each of the RAs’ transcription and
analyses of the pilot data with her own, and they reached a level of
97% agreement for the manual transcription and 96% for the micro-
structure language analysis completed in SALT, indicating reliable use
of transcription conventions across the team.

Using the same subsample A (N =15), the lead RA compared the
transcripts from the manually completed pilot samples and the micro-
structure analysis from SALT with the samples completed using the
Language Explorer clinical software tools. This involved a comparison
of transcription using the transcription improvement tool and
reviewing the counts of the ‘parts of speech. Feedback was provided
to the software engineers, and improvements were made to the
software. Automated measures that did not reach the 85% level of
agreement between manual and automated results were scrutinised,
and the potential sources of error were discussed to retrain the
automated microstructural analysis using the software. The software
engineers and the lead RA checked each problematic metric in the 15
pilot samples. The software was modified as a result, including
clarifying rules in the software for identifying metrics and
providing examples.

Data analysis and software development:
Macro-structure

Unlike the micro-structure analysis, the macro-structure analysis
required ongoing refinement using subsample A and subsample
B. The macro-structure metrics focussed on seven macro-structure
‘story grammar’ elements (setting, initiating event, internal response,
plan, attempt, consequence and character) based on Stein and Glenn
(1979). A matrix of definitions and examples was prepared using a
scoring system of 0-3 for each element, with 0 being unobserved and
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3 being the score allocated for a full demonstration of that macro-
structure element. This was used to build and train the algorithms.

Before training the algorithms, high levels of agreement
between the RAs were necessary to ensure high-quality data.
Substantial training and refinement of the scoring rubric were
required to reach the necessary levels of agreement between the
RAs. Initially, the levels of agreement of the story grammar
scoring between the lead RA and the three RAs were low (ICC of
RA1 0.455, RA2 0.562, RA3 0.587). The lead RA therefore refined
the macro-structure descriptors and scoring examples using
specific examples from the pilot dataset stories, as well as applying
learning from other studies (Beswick, 2008; Gillam et al., 2017;
Gillam and Gillam, 2018; Jones et al., 2019; Diehm et al., 2020). Due
to the more subjective nature of macro-structure scoring and
hence challenges in establishing reliability (Calder et al,, 2018), a
threshold was set for inter-rater agreement in the training phase
of 75% for each story grammar component and 85% agreement
for the story grammar total score Once this was achieved, the RAs
could move on to scoring subsample B (N =600) to train
the algorithm.

The training of the RAs used real examples from the pilot to
further support learning. It worked in short intervals using sets of
three samples from subsample A (N =15) before checking in on
agreement and discussing sources of disagreement. A final test set of
five additional pilot samples was used following this revised training.
The two RAs achieved above the necessary agreement scores with the
lead RA (0.885 and 0.940 for the macro-structure (story grammar)
elements and 0.938 and 0.938 for the total macro-structure score),
noting that one RA left the project at this point on maternity leave. The
RAs then scored subsample B (N =600) for story grammar, with the
lead RA providing reliability checking of 10% of the samples. The
agreement scores for this reliability checking were 0.907 and 0.869 for
each of the two RAs for story grammar components and 0.956 and
0.925 for the total story grammar score (Appendix 5). Following
completion of the manual scoring, the revised descriptors and scoring
data for each macro-structure element and the examples were used to
train the algorithms.

Software testing: Micro-structure

The RAs completed orthographic transcription and manual
analysis of the samples received in the stratified subsample B
(N =600). Further reliability checking was carried out with 10% of the
transcriptions and SALT language analyses for each RA compared
with the lead RA using an identical method to that used for piloting
(60 samples in total). The levels of reliability achieved were 93% for
the transcription and 98% for the language analyses (Appendix 5),
confirming the maintenance of the high levels of reliability achieved
during training. Subsample C (N =599) using only monolingual
participant samples was used for the analysis of the reliability of the
Language Explorer tool for micro-structure features. Intra-class
correlations (ICCs) were calculated by comparing each of the parts of
speech metrics calculated by the Language Explorer tool and those
calculated for comparison via manual transcription and SALT analysis.

Software testing: Macro-structure

Given the need to use the whole of subsample B (N =600) in the
training of the algorithms, testing the performance of the macro-
structure analysis module in the clinical tools software was limited to
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FIGURE 3
Screen from the language explorer story in the app.

using subsample D (N =85 monolingual replacement samples) that
were not used in training. Intra-class coefficient (ICC) scores were
calculated for each macro-structure element and the total score for the
seven elements.

Results

Results are presented in turn for phases (1) design and
development; (2) language sample data collection, and (3)
software testing.

Design and development

The co-design work with children, parents, researchers and
clinicians informed the development of the final Language
Explorer Mobile application. This app presents semi-animated
story of a boy on a treasure quest and following the story the
child is asked to retell the story with pictorial support. This story
retell is recorded using inbuild recording technology in the phone
or tablet being used. The resulting story was designed to elicit a
linguistically rich sample with maximum efficiency. Participants’
parents using the app in the citizen science phase were surveyed
and asked about their experience. A total of 426 parents
completed the survey. Most parents reported that the app was
easy to use (95%) and that their children enjoyed using it (91%)
(Figure 3).

The workshops with clinicians provided insights into the desire
for technology to make language sampling quicker and easier and the
need to collect samples on contemporary mobile technologies. The
preference was for any such technology not to be a ‘black-box’ system
that produces a ‘score’ without a transparent method but for clinicians
to review the analysis and understand the processes and metrics. That
is for the app to provide familiar and readily interpretable micro- and
macro-structure metrics.

With regards to transcription processes the following features
were developed as a result of the co-design and consultation.
Upon receiving an audio recording of the story retell from the app,
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an automated speech recognition (ASR) based transcript is created
and presented to the clinician user. Given the current industry
accuracy for ASR for child speech (Yeung and Alwan, 2018; Hair
et al, 2019), there remains a need to correct and improve the
transcriptions. A ‘transcription improvement tool’ was designed
and built to allow clinicians to use the ASR transcription and
select words or utterances transcribed accurately by the ASR while
making any corrections. The clinician at this stage also follows
specific conventions to segment utterances, identify secondary
speaker utterances and annotate occurrences of mazes,
mispronunciations or unintelligible speech. These are necessary
to ensure the analysis software can produce accurate micro-
structure metrics consistently across speakers and across users
checking the transcriptions. After confirming an accurate
transcript, clinicians are presented with the same transcript. It is
colour-coded by parts of speech with the marking of morpheme
boundaries, allowing additional parts of speech to be tagged.
There is the possibility at this stage of checking and modification
by the clinician (Figure 4).

Data collection

The geographical distribution across United Kingdom regions of
Subsample C used for testing the reliability of the micro-structure
analysis was highly similar to that of the United Kingdom population
across those regions (Table 2).

Characteristics of subsample C (N =599) used to test the micro-
structure analysis are described in Table 3 Speech duration ranged
from 35.66s to 251.4s. Table 3 summarises the duration of the
samples, their length in total number of words and the number of
secondary speaker utterances.

Software testing: Micro-structure

The following presents the ICC scores for each micro-structure
analysis metric between the RAs and the Language Explorer output
computed for subsample B (N =599) (Table 4). Note the use of full
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ma.

they walked across a wobbly bridge to try and

look for the treasure.

she's iwas sleepy third highest tree o t trying to
find the treasure this rock a doad to be dead

in the bushes they came, went to the dead they
shouted no, no, ° um it was a tor toys on

they noticed that i would be hard to find cheshire
storm started crying on dh,
susie look disappointed.
o Continuous play ° L play .
FIGURE 4

Screen from the transcription improvement tool.

Transcribe story retell n
Machine generated transcript Manually checked transcript Maze Mispronunciation
P | ez | Tove | Ty | e | s s @ One sunny morning there was a boy named Tom going on an
) adventure with his pravebrave dog Suzy
with going on an adventure with | paige dogs susie L, Sw "
A \ ) © th then they reached an island and they were looking for treasure.
prison when they reached and i know they were e e
@ What did they do next?
looking for treasure.
© so they got off X)X the boat.
| they || om || eff || the |{ hoat © they found the treasure was under a rock on the map.
they found the treasure was under a rock on the

B save

TABLE 2 Participant geographical location based on partial postcode compared with population distribution.

United Kingdom
region

Participants

Language explorer
sample representation

Population Di erence between
distribution proportion in sample
obtained and
United Kingdom

population
East Midlands 53 8.8% 7.23% 1.6%
East of England 43 7.2% 9.25% —2.1%
London 62 10.4% 12.97% —2.6%
North East 42 7.0% 4.12% 2.9%
North West 78 13.0% 11.14% 1.9%
Northern Ireland 8 1.3% 2.83% —1.5%
Scotland 30 5.0% 8.38% —3.4%
South East 67 11.2% 13.63% —2.4%
South West 82 13.7% 8.37% 5.3%
Wales 20 3.3% 4.82% -1.5%
West Midlands 57 9.5% 8.91% 0.6%
Yorkshire and The 57 9.5% 8.36% 1.2%
Humber
Total 599

transcript and analysis set scoring differs in that the analysis set scores
were calculated after the removal of incomplete utterances and
utterances containing unintelligible segments or mazes (Table 4). The
analysis set is the most valid measure of a child’s language skills
compared to the full analysis set, which may suggest the child can
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produce longer utterances than they can with the inclusion of
mazes, etc.

From a total of 44 metrics, the only ICC scores that fell below the
‘good’ level of reliability (<0.70) were relative pronouns, present
progressives and irregular plurals.
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TABLE 3 Duration of speech, length in number of words and number of secondary speaker turns by age bands in the “Final 599” sample.

Age band Length in speech duration in = Length in total number of Number of Secondary speaker
seconds M (SD) words M (SD) utterances M (SD)
N =588 N =599 N =599
4:0-4:5 109.48 (37.1) 136.18 (48.9) 11.36 (15.1)
4:6-4:11 106.13 (35.7) 132.58 (45.6) 8.75 (10.4)
5:0-5:5 108.62 (33.7) 145.71 (43.9) 7.26 (10.4)
5:6-5:11 108.53 (34.3) 146.19 (42.9) 4.54(7.1)
6:0-6:11 109.38 (34.2) 162.67 (54.4) 2.81(4.3)
7:0-7:11 107.47 (32.1) 167.54 (40.8) 2.42(4.2)

TABLE 4 Micro-structure metric ICC scores.

Metric ICC Metric ICC
Mean length of utterance (words) full transcript 0.911 Present progressives 0.434
Mean length of utterance (morphemes) full transcript 0.832 Questions 0.986
Max length of utterance (words) full transcript 0.986 Subordinate conjunctions 0.772
Max length of utterance (morphemes) full transcript 0.954 Coordinating conjunctions 1.000
Mean length of utterance (words) analysis set 0.904 Regular -s plurals 0.995
Mean length of utterance (morphemes) analysis set 0.924 Irregular plurals 0.664
Max length of utterance (words) analysis set 0.755 *s possessive 0.843
Max length of utterance (morphemes) analysis set 0.793 Articles 0.999
Total utterances 1.000 Regular past tense (—ed) 0.968
Total words 0.998 Irregular past tense 0.984
Keywords 0.987 Third person regular, present tense 0.934
Synonyms of keywords 0.912 Third person irregular, present tense 0.986
Type-token ratio 0.955 Unintelligible words 0.999
Nouns 0.975 Intelligibility 0.998
Pronouns 0.998 Count of mazes 1.000
Verbs 0.987 Comparatives 0.973
Relative pronouns 0.213 Superlatives 0.990
Adverbs 0.884 Contractible copula 0.957
Adjectives 0.949 Uncontractible copula 0.955
Determiners 0.970 Contractible auxiliary 0.904
Particles 0.850 Uncontractible auxiliary 0.870
Prepositions 0.965 Words per minute (N =588) 0.927

ICC reliability = <0.50 = poor; 0.50-0.70 = moderate; 0.70-0.90 = good; >0.90 = excellent (Koo and Li, 2016).

Software testing — Macro-structure analysis
module

ICC scores were calculated (Table 5) using subsample D (N =85).

The setting, initiating event, plan and consequence elements had
ICC scores categorised as good. Internal response and attempt had
ICC scores classified as moderate reliability, and Character had a
reliability level of >0.90, which is designated as excellent. When
compiled as a total score as a composite of each of the seven macro-
structure elements, the total macro-structure story grammar score had
an ICC of 0.928, which is classed as excellent reliability (Koo and
Li, 2016).

Frontiers in Psychology

144

Discussion

The study demonstrates that it is possible to gather a representative
stratified sample of story recall recordings of children aged 4-7years in
the United Kingdom using mobile technology and Citizen Science
methods with recordings of sufficient quality for reliable transcription
and analysis. Our findings suggest that substantial oversampling is
required for such methods to succeed. Approximately 66% of the
participants who signed up from the United Kingdom completed all the
necessary tasks in the Language Explorer App, including the Story Retell
task. Of those 2,340 complete samples, 889 (38%) met the inclusion
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TABLE 5 Macro-structure metrics ICC scores for monolingual
replacement samples (n =85).

Macro-structure metric ‘ ICC
Setting 0.850
Initiating event 0.898
Internal response 0.577
Plan 0.841
Attempt 0.616
Consequence 0.729
Character 0.939
Composite macro-structure “story 0.928

grammar” score*

ICC reliability = <0.50 = poor; 0.50-0.70 = moderate; 0.70-0.90 = good; >0.90 = excellent (Koo
and Li, 2016).

criteria and were recorded with sufficient quality to be audible. Hence in
terms of usable recordings, researchers using these approaches would
likely need to oversample by a factor of 2.6. The sample reduces still
further when additional exclusion criteria are applied. However, given
the low cost of this approach and speed of data acquisition, the method
could be of substantial interest to the child language research community.
These findings, therefore, address our first two research questions and
provide additional information to guide future work of this kind.

Two key caveats must be considered when choosing this method and
interpreting our data. First, the partial postcode approach means that the
sample is likely to be slightly more advantaged than the United Kingdom
population as a whole, as it is likely that more advantaged families within
each partial postcode grouping would participate. However, they are
likely significantly more representative than many studies in the field of
child language, given the speed and low resources needed to recruit
families in lower SES postcode areas when compared to the difficulties
often experienced by researchers to reach these groups, our data suggest
that using a Citizen Science approach using social media, press and paid
targeted marketing approaches holds promise for the recruitment of
families who are traditionally under-represented in research.

Second, despite instructions not to help children, parents scaffold
their childs narratives to varying degrees to support them in
completing the story retelling. Children learn the skill of creating and
retelling narratives through social interaction and parents/caregivers’
engagement in narrative co-construction with their child (Wood et al,,
1976; Stein and Glenn, 1979), providing scaffolding to support the
child to extend and increase the sophistication of their narratives over
development. For example, a parent may prompt the child to produce
the setting component of the narrative (e.g. ‘where were they going?’)
(Stein and Glenn, 1979). This prompt is provided until the child
internalises the skill and can use the setting component in their
narrative without support. This scaffolding from parents naturally
decreases over development in response to the child’s increasing
abilities (Bailey and Moughamian, 2007; Bailey et al., 2020). This
variability in the implementation of a task is a risk in all Citizen Science
data collection (Borda, 2019). A balance must be struck between the
benefits of large-scale, low-cost data collection and some variability in
task implementation. Our samples have high ecological validity
regarding the nature of co-constructed narratives over this
developmental period. However, this co-construction makes
comparing samples elicited in a clinical context more challenging.
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Turning to the research questions regarding the reliability of the
automated analysis of micro and macro structure components of the
story retell after automatic transcription has been checked and
corrected. A set of agreed transcription conventions followed, and the
reliability of the micro-structure metrics yielded from the Language
Explorer software when compared to SALT software was mostly high.
Of the 44 metrics, 33 were excellent, eight were good, one was moderate
(irregular plurals), and two were poor (present progressive and relative
pronouns). The total macro-structure score ICC, when compared to
rating by a trained SLT, was also excellent, indicating it is possible to
develop a software platform which can provide reliable macro-
structure analyses for a specific story retell. Indeed, the software had
good or excellent reliability for all macro-structure elements excepting
‘internal response’ and ‘attempt’ components, suggesting it could
provide useful clinical information regarding the overall quality of a
child’s narrative macro-structure abilities. We, therefore, recommend
further work with clinicians to decide whether some of the least reliable
metrics could potentially be dropped entirely from the app’s final
reporting output if they are not particularly clinically informative. Also,
the final clinical version of the app includes instructions for clinicians
regarding the metrics that require manual checking and how to do that.

It must be noted, however, that we have not tested the reliability of
these scores regarding the degree to which they represent the child’s
broader abilities. There is no explicit agreement in the literature regarding
the length of a narrative story retell or spontaneous language samples
which provide reliable estimates of a child’s wider abilities (Heilmann
et al,, 2010; Guo and Eisenberg, 2015; Wilder and Redmond, 2022). In
the present study, the narratives that had duration data (n =588) ranged
from 35.66s to 4min and 19s, with a mean of 1 min and 48s (108.265).
Recently Wilder and Redmond (2022) demonstrated that several
language sample metrics (including MLU and number of different
words) reach acceptable levels using 3- and 7-min language samples
when compared to metrics obtained in 20-min samples. Also, Heilmann
and colleagues have demonstrated stable results for productivity and
MLU from narrative and other samples of 1-3min (Heilmann et al,,
2010, 2013). Further work to test representativeness compared to a
child’s wider language use of the language elicited by narrative retells in
general and Language Explorer, in particular, is warranted.

The reliability of the data provided by the Language Explorer App
also rests on the accuracy with which the SLT or researcher checks and
prepares the language transcript. Following the conventions for utterance
segmentation, correctly marking unintelligible utterances, mazes etc., is
essential for reliable metrics to be calculated (see Appendix 4). They will
also need support to check those few metrics with low reliability
identified above. Training materials regarding transcription and analysis
checking will therefore need to be included to support clinicians in using
the app reliably. Additional work to evaluate this training and other steps
in the clinical application of Language Explorer is underway and will
be reported elsewhere. Further work would also be needed to assess the
clinical use of the story comprehension and repetition subtests.

In terms of acceptability, extremely high numbers of parents
reported their children enjoyed the app and found it easy to use. This
supports its potential success in its current form for research purposes
and is promising in terms of its potential for application in clinical
practice. However, Language Explorer will be implemented slightly
differently in the clinical context by SLTs, and the acceptability and
feasibility of its use in that context will be tested in the clinical
evaluation study currently underway.
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Strengths and limitations

The study recruited large numbers of children across a range of
socio-economic quintiles and with a wide geographical spread.
Furthermore, the majority (66%) of those who signed up completed
the tasks within the App. As identified above, due to the use of partial
rather than full postcodes, a bias towards more socially advantaged
groups than the United Kingdom population is a possible issue (i.e.,
with the higher SES within each quintile possibly being recruited).
However, compared to other research methods and study samples, the
Citizen Science approach, linked with a targeted and multi-strategy
marketing campaign, appears to be a cost-effective method for reaching
subgroups often considered ‘harder to reach’ using more traditional
recruitment methods.

Parental scaffolding of narrative retells creates issues comparing
these data with retells elicited in more controlled clinical contexts.
However, they represent an ecologically valid representation of
co-constructed narratives, which form a crucial stage in typical
narrative development.

Rigorous training of the RAs and high levels of transcription and
analysis reliability among the researchers, together with the large
sample (599) to test the micro-structure metrics’ accuracy, provide
significant confidence in the study findings. The macro-structure/story
grammar analysis module also benefited from the quality and quantity
of the data needed to inform the algorithm of the descriptors of each
of the seven story grammar elements and the examples for each. A total
of 600 samples were used to train the algorithm. Testing with only 85
samples that were not used in training is a limitation. However, the
agreement scores for the story grammar elements are promising. In
particular, the composite total macro-structure, story grammar score
appears robust to measure a complex, discourse-level language feature.
It has the potential to be developed to be used to guide assessment in
clinical practice, functioning as an indicator of the need or otherwise
to examine macro-structure abilities in more detail.

Conclusion

Language sampling analysis is considered best practice for speech
and language therapy assessment of child language (Miller, 1996). The
barriers of time and the need for intuitive software to make the process
variable for clinicians are established (Klatte et al., 2022) Work
presented here has demonstrated the potential of semi-automated
transcription and automated linguistic analyses to provide reliable,
detailed and informative narrative language analysis for young children
and for the use of mobile technologies to collect representative and
informative clinical and research data.

A feasibility study of Language Explorer modules is currently
underway in clinical settings using the elicitation app and the
transcription and analysis tools developed using this dataset. Guidance
and training materials were also designed to enable clinical researchers
to adhere to the transcription conventions required for reliable
automated analyses to be completed in this evaluation phase. This
evaluation in a clinical context aims to identify any potential benefits
which Language Explorer can bring to clinical practice and what
further work would be required to realise them. In this way, we aim to
remove critical barriers to using narrative language sample analysis to
practice and bring the benefits of more detailed, functional, ecologically
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valid and sensitive language assessment to the assessment and therapy
planning for children with DLD.
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