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Abstract

The widespread use of digital devices among children and teenagers has raised concerns about
overuse, particularly for early adolescents (ages 11-14), who have unique developmental needs
and reportedly spend more time with technology than any other age group. While numerous
parental control tools exist to mitigate technology overuse, most overlook early adolescents’
perspectives. As a result, these tools often face resistance, contribute to parent-child conflicts, and
may even be abandoned. Despite research on various mediation strategies, limited work has
focused on designing digital interventions that actively incorporate early adolescents’

perspectives, particularly in the context of tech disengagement.

This thesis addresses this gap by investigating early adolescents’ perceptions of suitable
interventions for managing their tech use and evaluating existing solutions against their
preferences. Through a co-design study, we examine their conceptualization of tech
disengagement and the design factors they prioritize. Building upon these insights and synthesizing
prior relevant literature, we then introduce an initial design space for digital interventions tailored
to this demographic. To further explore areas of alignment and divergence between early
adolescents’ and their parents’ viewpoints, we conduct an elicitation study comparing their

preferences within this design space. Finally, we systematically review prior research on tech

il



disengagement interventions and analyze existing parental control applications to assess how well
current solutions align with the needs and expectations of early adolescents, identified within our

proposed design space.

This research contributes to the field of child-computer interaction by revealing early
adolescents’ perceptions of tech disengagement, defining and exploring an initial design space for
early adolescent-centric digital interventions, and systematically analyzing existing research and
current solutions to identify gaps and areas for further development. These insights can be
leveraged by HCI researchers and practitioners to ground future design explorations of digital

interventions that better support early adolescents in managing their tech use.

111



Acknowledgement

My PhD journey has been shaped and supported in countless ways by my incredible supervisor,
Dr. Andrea Bunt. Completing my master’s degree under her guidance was a wonderful learning
experience, which inspired me to continue my PhD with her mentorship. I cannot thank Andrea
enough for being such an amazing mentor, helping me grow as a person, a researcher, and in my
professional journey. She guided me through every step of my research, and also supported me
emotionally, empathizing whenever 1 faced tough situations, whether during the pandemic,
pregnancy, or postpartum. If [ pursue a career in academia, I hope to be a mentor like her, someone
who can positively impact students’ lives in so many ways. [ am also grateful for her financial
support throughout my degree. I would also like to thank the University of Manitoba Graduate
Studies for the UMGF Fellowship and the Natural Sciences and Engineering Research Council of

Canada (NSERC) for funding my research.

I am thankful to Dr. Celine Latulipe and Dr. Melanie Glenwright for serving on my thesis
committee and providing valuable feedback at various stages of my work. I also want to thank Dr.
Lora Oehlberg, my external examiner, for her constructive feedback, which strengthened my

thesis. Their encouragement reassured me and boosted my confidence in my research.

v



I feel fortunate to be part of the HCI Lab. I would like to thank all lab members—Afsane,
Anik, Dan, Danika, Devon, Emmanuel, Fairuz, James, Mahya, Melika, Minoo, Lauren, Patrick,
Pouya, Rahat, Raquel, Sam, Simon, Stela, Timmy, Zach, and many others. Thanks for being there
during my practice talks and providing insightful feedback that helped me shape my thesis. Special
thanks to Anik and Timmy for collaborating with me, and especially Anik, for being my go-to

person for proofreading and discussion at all stages.

My home away from home in Winnipeg has been Sraboni Endow Chowdhury and Kiriti
Chowdhury. I am deeply grateful to them for being like family, for their love, kindness, and
constant support. Special thanks to Sraboni Endow Chowdhury for being my friend, counselor,
and motivator, celebrating every milestone with me. I also want to thank my wonderful friends
here, who made life in this otherwise dull city so much brighter, especially, Projesh Kumar, for

being like a younger brother, always going out of his way to help and support me.

I am grateful to my parents, Bhishmadeb and Samarpita Chowdhury, for inspiring me to
pursue this degree and for believing in me even when I could not imagine doing so. Thank you for
being my source of strength and courage. I also thank my in-laws for their support and
encouragement, and my younger brother Priyo for cheering me up whenever I felt down. I want to
remember my grandmother, Dipti Chowdhury, one of my biggest supporters, who would check on
me and remind me to be brave with her glowing smile. She passed away the day I submitted my

thesis—I miss her deeply and know she would have been so proud.

Finally, I am forever grateful to my husband, Biswapriyo Chakrabarty, for being a wonderful
partner and supporting me through pregnancy, postpartum, and all the challenges of the PhD. And

to my little writing companion, Bihan—though you weren’t born yet, you motivated me every day



to complete this thesis so that I could be with you once you arrived. Navigating first-time
parenthood without family in a foreign country has been a wild adventure, but your presence has

made everything brighter and more joyful.

vi



Dedication

To Biswa, for always being by my side, with me, for me, through every step — for your love,

patience, and presence...

vii



Publications

Certain portions of this thesis have been previously published in conference or workshop
proceedings or are currently under peer review. Permission to include these works in this
dissertation has been granted by the respective publishers. A list of these publications, organized

by chapter, is provided below.

Chapter 3

Ananta Chowdhury and Andrea Bunt. 2023. Co-Designing with Early Adolescents: Understanding
Perceptions of and Design Considerations for Tech-Based Mediation Strategies that Promote
Technology Disengagement. In Proceedings of the 2023 CHI Conference on Human Factors in
Computing Systems (CHI '23). Association for Computing Machinery, New York, NY, USA,

Article 198, 1-16.

Ananta Chowdhury and Andrea Bunt. 2023. Reflections on Online Child-Centric Participatory
Design Approaches: Two Case Studies with Children and Early Adolescents. /n Proceedings of

the ACM CHI 2023 Workshop on Bridging Distances for Global Participation: Conducting and

viii



Theorizing Participatory Design and Research in Hybrid Contexts. Interact Publication Series. (In

press)

Chapter 4

Ananta Chowdhury and Andrea Bunt. 2024. Exploring A Design Space for Digital Interventions
Facilitating Early Adolescents’ Tech Disengagement: A Parent-Child Perspective. In Proceedings
of the 13th Nordic Conference on Human-Computer Interaction (NordiCHI '24). Association for

Computing Machinery, New York, NY, USA, Article 47, 1-17.

Ananta Chowdhury, Timmy Wang, and Andrea Bunt. 2024. Promoting Early Adolescents’ Tech
Disengagement: Designing Digital Interventions by Involving End Users in Meta-design. /n
Proceedings of the First International Workshop on Participatory Design & End-User

Development - Building Bridges (PDEUD2024). October 2024, Uppsala, Sweden.

Chapter 5 and Chapter 6

Ananta Chowdhury, Ariful Islam Anik, Timmy Wang, and Andrea Bunt. 2025. The Landscape of
Digital Tech Disengagement Solutions for Early Adolescents: Insights from a Systematic Review
and App Analysis. In Proceedings of the 28th ACM Conference on Computer-Supported
Cooperative Work & Social Computing (CSCW '25). Association for Computing Machinery, New

York, NY, USA.

X



Table of Contents

ADSTEACT . ccueiieiiitiitiininiiinttistectessaicsesssesssesssesssnssssesssessssssssassssssssassssssssassssssssassssesssasssassssasess ii
ACKNOWIEAZEMENL .....ouueierrriinrniinsranicssarisssanscssansssssnssssssssssssssssssssssssssssssssssssssssssssssssssssssssasssssassses iv
Dedication ..........ceeeeeervueecsnnneene .. Vil
Publications ........cccceeevueecnnnencnns viii
Table Of COMLENLS ...ccueieiiiiriisiiiiicsiiisniiieeissecsiisssniseesssecssssssssssssssssessssssssssssassssassssssssasssassssasssae X
List of Figures........cccceeeeencneccsnncene xvi
List of Tables ......c.ccceeevuerernrecnnnens Xix
Chapter 1 — INtrodUCTION ....coueeiveeiieniseenieessnensenssseesensssesssessssssssnssssssssasssssssssssssssssassssssssssssssssns 20
1.1. Thesis Objective and Research QUESHIONS ..........ccueeeriieeiiieeiieeeiee e 22
| N o) o) (0 T2 T o DS PRRPPRRTRR 23
1.2.1. CO-DeSIZN STUAY ..conviieiiieeeiie ettt ettt ee e eee e e e e e snbeeeaseeenneeens 24

1.2.2. Elicitation Study & Design Space Exploration............ccocceeviieiieniienienieeieeee, 25

1.2.3. Systematic Literature Review on Tech Disengagement Solutions......................... 25

1.2.4. Systematic Analysis of Parental Control Applications...........cccccevveeeveenieniieennenne 26

1.3. Summary of CONtrIDULIONS.......ciiiiiiiiiieeeiie et eetee ettt e e rte e e e e seaeeeaaeesseeessseeensseeenns 26



1.4, Reflexivity StateImMEnt..........ccccuiiiiiiiieeiieecieeeceeertee et e et eeee e s tae e stae e s aaeesaseeessseeesnseeenns 27

1.5, THESIS OULINE ....eoutiiiiiiiieiie ettt sttt et e et sae e et esbeeenbeeseeeeneeas 28
Chapter 2 - Background and Related WOrK .........cuieeeneeiieicsnennseensensnecsnenssnecssessssecssnssaeesee 30
2.1. Approaches to Mediating Children’s Tech Use........ccccoeviiviiiiiiniienieiieiecee e 31
2.1.1. Parental Mediation Strategies to Limit Children’s Tech Overuse............cc.oc........ 31
2.1.2. Technical Mediation ............cccooiiiiiiiiiiiniieiieeeeee ettt 33
2.2. Promoting Early Adolescents’ Self-Regulation.............ccccoevvieiiiiciienieniiiieeieeeeee e 35
2.2.1. Self-Regulation Strate@@Ies ........c.cccveeeeiierierieeiieeieeriee e eriee et e seeeereeseeeereessneensaens 35
2.2.2. Persuasive Technology to Support Self-Regulation ...........cccccoevvinieniniininnnnns 37
2.3. Research MEthOds .......coouiiiiiiiieiiece ettt e 38
2.3.1. Children as Co-Designers of Child-Centric Technology..........c.ccceccvevviiviienreennen. 38
2.3.2. Research Through DeSi@N........cc.eecuiiiiiiiiieiiieiieeieeriee ettt 40

2.3.3. Characterizing Academic Literature and Analyzing Digital Solutions for Children’s
Tech DISENZAaZEMENL. ........ooiiiiiiiiiiiiiiiiertet ettt sttt st 42

2.4, SUINIMATY ..vvieeiiieeeieeeeteeeeiteeesteeeetaeestteeeaeeesnsaeeaaseeeasseeeasseeessseesnsseeansseeanssesanseeensseesnsseennns 44

Chapter 3 - Understanding Early Adolescents’ Perceptions of and Design Considerations for

Digital Mediation Strategies that Promote Technology Disengagement 45
3.1 StUAY MELhOG. ...ttt ettt sttt eneas 46

3.1 1. PartiCIPANTS. ...cceciieeeiieeeiee ettt e ettt e e et e e st e e et e e eabeeeenbaeesnbeeenbeeenreeenneeens 47

3.1.2. Study Tasks and Procedure...........cccuueeiiiieiiiieieeecieeee e 49

3.1.3. Data Collection & ANALYSIS ......ccecvierieriiieiiieiierie ettt e 53

3.2, KeY FINAINES ..ttt ettt sttt st e st e enbeesnaeenseas 53

3.2.1. Participants’ Device Usage Patterns and Family Experiences with Technology ... 54

xi



3.2.2. Engagement in Co-Desi@n ACHVITIES.......cccveeeiuieeeiieeeiieeeiieeeieeesveeeereeeseveesnneeens 55

3.2.3. Participant-Perceived Important Design Factors ...........ccoecveevciiiinciieeciieeeiee e 63
3.3, DISCUSSION .ttt ettt ettt ettt sttt et e it e s bt ebesatesbe e bt entesaeenbeennesanens 72
3.3.1. Limitations and Generalizability...........cccoovveeiiienieiiiienieeiierie et 76
34, SUMIMATY ceuiviiieeeiiteeeeeitee e et eeeestteeeeessaaeeeesssaeeesasseeeeasnsseeeeansssaeesanssseesasssseesssssneesannes 77

Chapter 4 - Exploring A Design Space for Digital Interventions Facilitating Early

Adolescents’ Tech Disengagement: A Parent-Child Perspective ..........coveeevueinneciseecseecnnnnne 78
A1, APPTOACH ...t et et e b et et e e taeenbeennaeenreas 79
4.1.1. Formulating Design Space DIMenSIONS. .......ccceevueeierieneriieneenieeieneenieeieseeeneeennens 80

4.1.2. Generating Design CONCEPLS......eeviriiriieiierieniteieeteeteete ettt seee e 84

4.2, EICTEAtION STUAY.....viiiiieiiieiieeieeiee ettt ettt e saaeebeessaeensaessaeenseessseenseas 90
42,1, PATtICIPANTS....c.uiieiieieieetieeiieeiteeiteeteeeeteeteesbeebeeesbeesteesseeseeesseesseessseeseeasseesssennsaens 91

4.2.2. Study Tasks & Procedure............cccoeieriiiiniiniiiieieieeeeeceee e 92

4.2.3. Data Collection & ANALYSIS ....cc.cevuiriiriiienienieeieeieeeeeet et 93

4.3, FINAINES. .eecttieeiieeeiie ettt et e e e et e e et e e st e e s sbeeessseeesseeensaaeensseeensseesnsaeensneeennseeenns 94
4.3.1. Participants’ Technology Use and Family Device Rules ..........ccccoccvveveieeinennnneen. 95

4.3.2. Parents’ & Early Adolescents’ Reactions toward Different Aspects of the Design
COMCEPES .ttt ettt ettt ettt e ettt e et e ettt e s st e e sab e e e sabeeesabee e bt eeebbeesbbeesabaeeea 95

4.3.3. Determining Participants’ Preferences Regarding the Design Space Dimensions 104

4.3.4. Overview of Participants’ Preferences for the Design Concepts..........cceeeuveennnee. 106
4.4, DISCUSSION ..ottt ettt ettt ettt et ettt e bt e bt et sbt e bt ea b e ebt e be et e satesbeenbeeaeenaeenee 107
4.4.1. Limitations and Generalizability...........cccoovuiiiiiniieiiieniieieee e 110
4.5, SUIMNIMATY ..utvieeiiieeeieeeeteeeeteeeetteeetaeeeteeesteeesseeeassaeeasseeeasseeassaeansseeansseenssseeasseeenssessnssees 112

xii



Chapter 5 - A Systematic Review of Existing Literature to Characterize Tech Disengagement

Solutions for Early Adolescents 113
S L APPIOACKH . ... ittt ettt e b et e e beenaaeenreennes 114
5.1.1. Data CoOlLECtION ...ccueeiieiieiieiieciteieeere ettt s 115

5.1.2. Title and ADbStract SCIEENING........cc.eeervieeiiieeiieeeciee e e eteeeeaeeeereeesbeeesreeesereeens 116

5.1.3. Full TeXt SCIEENMING......vviieiiieiiieeeiieeeiee et e et e et e e e e e teeesveeesreeesabeeesseesnaeeens 117

5.1.4. Data EXITACION ...coueriiiiiiieiesiteieee sttt ettt 119

5.1.5. Data ANALYSIS ..cuvieiiieiiieiieeieeiteeie et et e et e et eeteesaeeaeesateebeestaeenbaessaeenbeensaeensaens 120

5.2 FINAINES. ..ottt ettt ettt et e ittt at e et e ateenbeesneeeareas 121
5.2.1. Overview of Study Designs and Participant Demographics........c..cccccecervenennnene 121

5.2.2. Key Themes in the Researcher-Suggested Design Recommendations................. 123

5.2.3. Relating the Identified Recommendations within our Early Adolescent-Centric

DIESIZN SPACE.......eiiiiiiiiiiiieteee ettt sttt 131
5.3, DISCUSSION ...ttt ettt ettt et e ettt e st e et eeat e e bt e sateenseesateenbeesneeenseesnseenseesnseenseas 134
5.3.1. Social Factors Shaping Design Recommendations...........cccceecvveeriveenieeenveennnnen. 135
5.3.2. Limitations and Generalizability...........ccccocvveeeiiieeiieeniieeeieeeee e e 136
5.4 SUIMIMATY ..ottt ettt ettt ettt e sa e s bt e s bt e et esbe e et e e beeemneenaeenaneen 137
Chapter 6 - A Systematic Analysis of Existing Parental Control Applications ................... 138
(T BN o) o (0 Y- T o PSP 139
6.1. 1. APDP COllECHION ....eeeiiieeiiie ettt e e ee e eesaeeeabeeenaeeenaeas 140
6.1.2. APP EVAlUAtION ..ottt e e 141
0.2, FINAINGS. .. eiieiiiiieeie ettt ettt ettt et et e et e e saesabeesaeeenbeesaaesnseenaeeenseenees 146
6.2.1. Categories of Feature Identified...........ccceeeviiieiiieniiieeecee e 146

Xiii



......................................................................................................................................... 154
6.3.2. Limitations and Generalizability...........ccccecvvieeiiieeiiieecie e 157
0.4, SUMIMATY .....eiviieeeeieeeeeeiieeeeetteeeestteeeeeseteeeeeasseeeeesssseeeeasssseeessnssseesanssseeessnssseesensssneesnnnes 158

Chapter 7 - Reflections on Engaging Early Adolescents in Tech Disengagement Research:
Challenges, Insights, and Long-Term Considerations 160

7.1. Challenges in Recruiting Early Adolescents in Studies Regarding Tech Disengagement

............................................................................................................................... 162

7.3. Online Co-Design with Early Adolescents: Challenges and Opportunities ................... 163
7.4. Breadth vs. Depth Approach in Designing Digital Interventions ...........ccceeevvereenennee. 165
7.5, SUMIMATY ...eiiiiiieciie ettt et e et e ettt e et e e etaee e saaeessaeesnsseeasseeeassaeensseeensseeensseesnnseens 167
Chapter 8 — CoNCIUSION ......ucuueiieiiniiiiniiiticsiineeinicneissseissesseesssessssssssessssssssessssssssnssssssssasssss 168
8. 1. Thesis CONITDULIONS .....eeeiieiiiieiieeiieetie ettt ettt e et et e et e st e et esneeebeesaeeenbeesneeenseas 169
8.1.1. Contributions to CCI Research on Early Adolescent Tech Overuse.................... 169
8.1.2. Contributions to the Domain of Digital Intervention Design Research................ 171
8.2. Thesis LIMITATIONS . c...eeiutiitiiiiieeiieeite ettt ettt ettt e st e et e saeeeneeas 172
8.2.1. Sampling Bias in Participant Demographics .........cccccoceeverieneriienienenienieneeens 172
8.2.2. Potential Limitations of Our Proposed Design Space..........ccceeveveiieniienieenieennans 173
8.2.3. Limitation in Evaluating the Effectiveness of Our Design Strategies................... 173

Xiv



8.3. FULUIe ReESEArCh DITCCHIONS . ceeeeeeneeee oo e ettt e e e e e e e e e aaeeeeeeereaannns 174

8.3.1. Exploring Digital Interventions for Early Adolescents with Technology Addiction

......................................................................................................................................... 174
8.3.2. Promoting Purposeful Tech USe .........cccueviiiiiiiiiiieiiecieeeeieee e 175
8.3.3. Applicability of Our Findings to Other Domains ............ccceeeevvierciieenieeecree e 176

8.3.4. Addressing Diverse Needs by Integrating End-User Development into Digital

INEEIVENTIONS ..ttt et sttt et sbt ettt sbee b e et e saeenees 176

8.3.5. LoNZ TEIM ViISION....ccuiiiiieiieiiieiieeiieeiee et eteeeve et e eteesteeesaeestaessseesseeenseenssesnsaens 178
Bibliography .......cccceveecineecnnnen. 179
APPENdiCeS....ccceesraereccscareecscnans .218
Appendix A: Co-Design Study Additional Material .............cccoeveeeviieniriiiienieeieeeie e, 219
A.1 Research Ethics Board Approval ..........c.ccceeviierieeiiieniieieenieeieecee e 219

A.2  Enlarged Screenshot of FIgUIe 3 .......ccccooiiiiiiiiiiiiiiicecteeececeeeeee 220

A.3  Enlarged Screenshot of Figure 4 .........cooooviiiiiiiiiiieeeeceee e 221

A4 Pre-Study SUIVEY ...ccoiii ettt ettt e e e e sasee e 224

A.5 Semi-Structured Interview QUESTIONS .........cccouviiieiiiiiiieeiiiiee e 226
Appendix B: Elicitation Study Additional Material ............ccccovieniiiiniininiiniececee 227
B.1  Research Ethics Board Approval .........c..coceeviiiiiniiiiniinieccceeeeeeeee 227

B.2  Prototype Screenshots Including All Features ..........cccoccevevciieiniieiniiieenieeeieeee, 228

B.3  Background and Tech Usage Surveys.......ccccveecieeeiieeeiiieeciie e 231

B.4  Focus Group Interview Questions (Semi-structured)..........occeeevveerieeviienieenneennen. 245
Appendix C: App Analysis Additional Material ...........cccooeiveriiniiiiniinieceee 246
Cl COAEDOOK. ...ttt ettt ettt e b 246

XV



List of Figures

Figure 1: Co-design Study Procedure. .........c.cooveiiiiiiieiiiiiecececeee e 50

Figure 2: Excerpts from some of the collaborative stories created by our groups of participants.
(A) G3 is describing a situation where a boy addicted to his phone is expressing his lack of interest
in anything else when his friend asks him to have a conversation. (B) G7 describes how the main
character feels when she fails to follow her parents’ rules. (C) G5 explains a situation where the
main character does not want to find a solution to his tech overuse. (D) G2 depicts a scenario where
even though the main character agrees to follow the new rules created by his parents, in his mind,

hE fEEIS the OPPOSILE. ....evieeeiieeiiee ettt e e ettt e e te e et e e et e e e saeeessseeesaseeennseeennseeens 57

Figure 3: Ideas Generated by Group 2 during the Brainstorming Session. (Enlarged snapshot of

this image can be found in APPendixX A.2.) ...ccceeecieeeiiie et 59

Figure 4: Final Design Sketch by Group 5 (G5); This is an app that will reward the children with
screen time if they complete the tasks chosen by their parents. Children can suggest tasks that they
are interested in doing. Parents will evaluate the performance before approving the rewards. There
is a leaderboard that inspires friendly competition among friends and family members. (Enlarged

snapshots from this sketch can be found in Appendix A.3.) coooovieeiiiieiiieeeee e 65

XVvi



Figure 5: Final Design Sketch by Group 7 (G7); This is an app that enables children to find a new
hobby. There are goals that they will accomplish collaboratively with their parents. Upon

achieving a goal, they will be rewarded..............cooviieiiiiiiiieceee e 69

Figure 6: Final Design Sketch by Group 1 (G1); A companion robot to help children educate about

the issue of tech overuse and support them in disengaging from technology. ..........c.cccecvveennnne 71

Figure 7: A few screenshots from Parent-Child Unplug; (A) The early adolescent will have a list
of tasks that they can edit according to their interests. (B) The parent will have their own list of
tasks. (C) Both can view each others’ progress and message each other to remind and encourage

(screenshots of the other features can be found in Appendix B.2.1). c..coocviiiiiiiiiiiiiiiieeiieeiee 85

Figure 8: Screenshots from TechBreak Buddies; (A) The early adolescent will have their own
profile where they can track their own progress. Their task update will be shared with their peers.
(B) The early adolescent can view their peer’s profile, see their updates, and leave messages. (C)
They can create events for joint activities and remind each other about the rules. (screenshots of

the other features can be found in Appendix B.2.2). .....cocoiiiiiniiniiieeee 87

Figure 9: Screenshots from ScreenSavior; (A) A virtual character will remind the early adolescent
about their rules. (B) The character will share their tech disengagement progress and updates about
rewards, and encourage them to follow the rules. (C) The early adolescent can customize the

character according to their liking (screenshots of the other features can be found in Appendix

Figure 10: Visual representation of our estimated placements of the design concepts on the

continuum of the design dIMENSIONS. .......cccuuiiiiieriiiiieiie ettt e seee e 90

Xvil



Figure 11: Elicitation Study Procedure. ..........ccooviiiiiiiiiiie et 92

Figure 12: A visual representation of the estimated variability in participants' preferences for each

design dimension. The width of the ellipses demonstrates the divergence in views, while ‘P’ and

‘E’ denote the preference of parents and early adolescents, respectively........cccevvvveeeieeicnnennee. 105
Figure 13: Parents' and Early Adolescents' rankings of the design concepts. .........ccceeeeuveeneen. 107
Figure 14: PRISMA DIa@Iam. .....cccueeiiiiiiiiiiiniiiieeiesteetesit sttt sttt et s nae e 118
Figure 15: App Analysis WOrkflow. ........ccooiiiiiiiiiiiiiieneceecee e 143

Figure 16: A snippet from our codebook that includes sub-categories of children's features under

the feature category "Communication/Support". ..........cccerieriiriniinieneneeneeeeeese e 144

Figure 17: The area graph shows (A) agency levels, (B) supportive parental engagement levels,
(C) mentorship types, and (D) motivation types for 47 parental control apps on a 5-point scale.
The X- and Y-axes in each graph represent the dimension ranges (defined in Table 8) and number
of apps, respectively. Blue and red ovals indicate early adolescents' and parents' preferences across

the dimensions, respectively, as identified in section 4.4. .........cccoevieeiiiiiiiiieneeee e 150

xviil



List of Tables

Table 1: Participants’ Demographic Information. ............cccoeeeeeviieriieiiieniieeeeie e 48

Table 2: Examples of ideas generated by our participants during brainstorming......................... 60

Table 3: A summary of key design factors and associated design ideas proposed by participants

throughout the StUAY SESSIONS. ......ccuiiiiiiiieeiieiieeie ettt eebeeseee b e esteeeebaesaeesnseensnas 73

Table 4: Keywords used for database search queries, with ‘OR’ between each keyword in the rows

ANA “AND’ DEEWEEI The TOWS «.eeieeeeee ettt ettt e e e e e e et et e e e e eeeeeeeaaaaeeeens 116

Table 5: Manuscript details of the papers included in the systematic review ...........cccceeveennee. 122

Table 6: Researcher-suggested design mechanisms aligned with corresponding design dimensions

..................................................................................................................................................... 133
Table 7: List of Google Play Store and Apple App Store apps included in the app analysis..... 142
Table 8: Guidelines for mapping features to design dimensions. ...........ccveevveeerieeerveeenveeennen. 145

Table 9: Summarizing key findings for parental and child features across different feature

CALEEOTICS .vvveeeuvreerureeerreeesteeessseeessseeensseeassseeasseassssaeansseeassaeeassseensseeeasseeessseesasseesssseesnsseesnsseesnsses 147

XiX



Chapter 1

Introduction

In this digital era, our everyday lives and technology are deeply intertwined. This regular exposure
to various digital devices such as smartphones, tablets, computers, televisions, and gaming
consoles has heightened concerns about technology overuse, especially among children and
teenagers. A 2022 US survey reported that nearly all teens have access to a smartphone and close
to half of the teens indicated using the internet “almost constantly” [157]. According to another
survey in the United States, children’s (8-18 years) screen usage has increased by 17% since the
COVID-19 pandemic started [162].

Although the availability of the Internet and media applications can offer many benefits to
children other than recreation (e.g., education, socialization), unrestrained use of digital devices
can have severe adverse effects. According to the Canadian 24-hour movement guidelines for
children and youth, the recommended screen time limit for recreation is a maximum of 2 hours per

day [167]. Excessive screen time (e.g., more than 6 hours daily [27]) is associated with detrimental

20
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effects on children's social and cognitive development, can cause sleep disturbances, and can create
health issues [70,145,184]. If not monitored and controlled, children’s urge to use digital devices
and online media excessively can turn into an addiction, which can lead to daily-life disturbances
[31], aggressive behavior [7], and symptoms of withdrawal [92]. Therefore, children’s increasing
use of technology has become an alarming issue for parents, and naturally, they often attempt to

play the role of a gatekeeper of their children’s media usage [35,144].

A substantial body of research has looked at parents’ involvement and attitudes toward
children’s media usage [15,19,54,101,152], as well as the mediation strategies parents employ
[31,126,141,144,151,175,176]. Studies have also explored how children engage with technology
at home [92] and their perspectives on parental mediation [7,77,139]. Despite applying various
measures, parents often struggle to manage their children’s tech usage [7,139], and mediation
strategies can sometimes create conflicts between children and parents [18,34,48,109,124]. While
this is a complex, multifaceted problem, one potential issue is that children might not have had
sufficient voice in developing these mediation strategies. Prior research suggests that considering
children’s opinions while developing rules can encourage adherence by fostering a sense of

ownership and collaboration [69,82,97,100].

Research indicates technology-assisted mediation has the potential to be more successful
in limiting children’s screen time than parental mediation alone [91]. Consequently, researchers
have proposed different approaches that combine technology with parental strategies to limit
children’s tech overuse and help them follow parent-defined device usage rules
[91,99,110,114,214]. In this thesis, we explore the design of child-oriented digital interventions
for tech overuse by actively involving children in the design process, investigating how they

envision potential solutions for self-regulating their technology use and which design aspects and
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attributes of mediation strategies resonate with them. Through this work, our goal is to establish
and investigate a child-centric design space to identify potential promising solutions and design

approaches for developing digital interventions that cater to children’s needs.

We focus our investigation on early adolescents (ages 11-14), an age group where tech
overuse is especially prevalent, as they tend to spend more time with technology than other age
groups [103]. Research in Developmental Psychology indicates that during this stage, early
adolescents develop a sense of autonomy and begin to understand that their actions can have long-
term consequences [53,66]. As their independence grows, they often resist parental restrictions,
making it increasingly difficult for parents to maintain rules and boundaries [168], which can lead
to frequent parent-child disagreements [53,66]. Despite these challenges, early adolescents are
capable of practicing self-regulation [66,75], making them well-suited to participate in designing
solutions for managing their tech use. At the same time, their increasing autonomy presents unique
design considerations [64], underscoring the need for further research into age-appropriate digital

interventions for this demographic.

1.1. Thesis Objective and Research Questions

The primary objective of this thesis is to define and explore a design space for digital interventions
aimed at addressing early adolescents’ tech overuse, and to identify promising design solutions.
Given that these mediation solutions will ultimately be used by early adolescents, it is crucial that
their needs and expectations are considered. Therefore, our research places a strong emphasis on
early adolescents’ perspectives. The overarching goals of this thesis are threefold: 1) to highlight
the needs and priorities of early adolescents with respect to digital mediation, 2) to determine the

alignment and differences between the preferences of early adolescents and their parents, and 3)
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to identify potential solutions and reveal any gaps in both existing relevant research and deployed

interventions in this area, drawing on the insights gained from exploring early adolescents'

perspectives.

In this thesis, we answer the following research questions:

1) How can we involve early adolescents in the design process of child-centric digital
mediation strategies?

2) What kind of design solutions do early adolescents propose for managing excessive
technology use and what factors do they prioritize in their designs?

3) What dimensions should be considered when formulating an initial design space for
digital interventions targeting early adolescents’ technology overuse?

4) Where do early adolescents’ preferred solutions for tech disengagement lie within this
design space and why? Where do differences emerge in parent-child views?

5) To what extent do researcher-recommended design mechanisms from prior literature
align or misalign with early adolescents’ and parental preferences, as identified through
our design space exploration?

6) How well do existing parental control apps align with the preferences of early
adolescents, and where do potential misalignments exist?

1.2. Approach

This thesis aims to contribute novel insights regarding the design of digital interventions for

supporting early adolescents’ technology disengagement. To this end, we conduct four studies.

First, we carry out a co-design study with early adolescents to explore their attitudes toward
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designing digital interventions for their own tech disengagement and the design solutions they
generate. Second, we define an initial early adolescent-centric design space for digital
interventions and conduct an elicitation study with both early adolescents and their parents to
explore this space and identify parent-child preferences. Third, we perform a systematic review of
existing current research on tech disengagement solutions relevant to early adolescents, to uncover
common themes and reveal underexplored areas within our proposed design space. Finally,
through a systematic analysis of existing parental control apps, we assess whether there are any
discrepancies between current implemented strategies and the desired solutions of our target
audience identified from our elicitation study. In this section, we provide a brief overview of these
studies along with how they are connected to each other. The first and second studies have been
published in two different conferences and the material presented in this document is a revised and

adapted version of the content from those publications [37,38].

1.2.1. Co-Design Study

To answer our first two research questions, we involve early adolescents in the co-design of digital
interventions given the benefits of co-designing with children to better understand their
perspectives [132,195]. By actively engaging early adolescents in a multi-session group-based
online co-design study, we investigate their attitudes toward designing digital interventions for
their own disengagement from technology overuse. Findings from our study reveal insights into
how early adolescents conceptualize the issue of technology overuse and what design factors they

perceive to be useful to foster healthy tech usage.
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1.2.2. Elicitation Study & Design Space Exploration

While our initial study uncovers key design factors for digital mediation strategies that early
adolescents perceive as useful for their tech disengagement, how to effectively translate these high-
level factors into design requires a deeper exploration. Moreover, it is important to understand how
early adolescents’ design preferences and perspectives might align or diverge from those of their
parents, given that any digital intervention will be used within a family context. Therefore, to
answer our third research question, we propose and investigate an initial design space for child-
centric digital interventions, by adopting a Research through Design approach (RtD) [217]. As our
first step, we identify four relevant design dimensions and create three design concepts as video
prototypes demonstrating ways to exercise them. With an elicitation study with early adolescents
and their parents, we then probe their perceptions of the design concepts. Our findings provide
insights into common preferences within the design space as well as areas of disagreement between

early adolescent and parental views.

1.2.3. Systematic Literature Review on Tech Disengagement Solutions

Our elicitation study identifies areas of preferred solutions for both early adolescents and their
parents within our proposed design space. To evaluate how well design mechanisms proposed in
prior research for children’s tech disengagement align with these preferences, we systematically
review the academic literature to address our fifth research question. This review involves
identifying relevant studies and analyzing their proposed design solutions within the context of
our design space. By characterizing researchers’ design recommendations and assessing their
applicability to early adolescents, we provide synthesized design guidelines that support the

development of early adolescent-centric tech disengagement interventions.
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1.2.4. Systematic Analysis of Parental Control Applications

To gain a comprehensive understanding of the landscape of current solutions, we complement our
systematic literature review with an analysis of existing parental control apps. We perform an
environmental scan to collect these apps and then identify distinct features aiming to facilitate
technology disengagement through a feature analysis, to answer our sixth research question. We
map these current solutions onto our design space to determine any design gaps and misalignments
from the parent-child preferences identified in our elicitation study. Furthermore, we assess the
extent to which these apps align with the researcher-proposed design recommendations identified
from our systematic literature review. These findings could be leveraged by HCI researchers to
ground future explorations of digital interventions that promote healthy tech use by early

adolescents.

1.3. Summary of Contributions

This thesis contributes the following to the field of child-computer interaction: 1) Our co-design
study reveals insights into how early adolescents conceptualize the problem of tech overuse and
envision appropriate mediation strategies, along with identifying important design considerations.
2) We present an initial early adolescent-centric design space, outlining four key design
dimensions for digital interventions and illustrate three distinct design concepts grounded in these
dimensions. 3) Our elicitation study provides insights into how early adolescents and their parents
perceive effective mediation strategies, unveiling areas of both agreement and divergences. 4) Our
systematic review and app analysis characterize the current state of digital interventions for early

adolescents' tech disengagement, assess their alignment with our proposed design space, and
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suggest important design implications for creating more acceptable and suitable interventions that

support this age group balance their technology use.

1.4. Reflexivity Statement

Since a significant portion of this thesis relies heavily on qualitative and subjective research
methods, I acknowledge how my background and personal experiences might influence the way I

conducted the studies and interpreted the findings.

I am originally from Bangladesh, a developing country, and bring a unique cultural and
socio-economic perspective to this research. As a woman from Bangladesh, my views on family
dynamics, caregiving roles, parental authority, and technology use may differ from those in
Canadian or other Western contexts. Although I did not have children at the time of this research,
I was closely involved with children through extended family networks, community settings, and
research activities. These experiences provided me with valuable insights into children’s
behaviors, needs, and interactions, both within traditional family structures and in broader social
contexts. Studying and conducting research in Canada further allowed me to integrate insights
from both my home culture and global perspectives, enriching my understanding of how diverse

cultural norms can shape family dynamics and child development.

To minimize any potential biases, such as assumptions about “appropriate” parenting style
or “healthy” technology use, I actively aimed to broaden my perspectives by engaging with
literature and learning directly from parents and children through conducting user studies. I made
a conscious effort to approach the data and research process with an open mind, focusing on

understanding participants' views without imposing my own cultural perspective.
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Drawing on my past experiences of conducting studies with children [36], I always
attempted to think from participants’ perspectives throughout my research process, ensuring that
their voices were central in formative design activities. Additionally, to promote inclusivity, [ have
involved participants from different countries including Bangladesh, Canada, France, India,
Netherlands, Pakistan, Philippines, the United Arab Emirates, the United Kingdom, and the United

States.

As a non-native English speaker, I needed to adjust my communication style while
studying in Canada. I made sure to speak clearly, repeat myself when necessary, and ensure that
participants from non-English-speaking backgrounds felt comfortable and understood.
Furthermore, given that the issue of children’s tech overuse can often lead to conflicts between
parents and children, I approached the subject with mindfulness and sensitivity. Considering the
growing sense of agency among early adolescents, I aimed to minimize power imbalances while

designing the study sessions to respect and maintain their autonomy.

My interpretations of the data have been shaped by feedback from other researchers. Men
and women from diverse backgrounds in HCI provided valuable insights that helped me ensure

my research remained culturally sensitive and methodologically sound throughout.

1.5. Thesis Outline

Chapter 2 provides background on parental mediation strategies and early adolescents’ self-
regulation abilities, along with prior literature that informs my research approach. Chapter 3 details
the co-design study, while Chapter 4 covers the elicitation study and our design space exploration.

Chapter 5 presents our systematic review of existing literature relevant to early adolescents’ tech
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disengagement, and Chapter 6 offers a systematic analysis of available parental control
applications. Chapter 7 reflects on the findings and approaches used throughout these studies,
providing considerations for future research based on these insights. Finally, Chapter 8 concludes

the thesis, summarizing key takeaways and exploring potential directions for further investigation.

29



Chapter 2

Background and Related Work

This chapter reviews related literature in several key areas that collectively inform our research. It
begins with a discussion of research related to mediation strategies for limiting children’s tech
overuse (section 2.1). Next, it explores research that aims to foster early adolescents’ self-
regulation strategies and how the research insights can be leveraged to support tech disengagement
among this age group (section 2.2). Finally, this chapter concludes by discussing literature on

research methods employed in this thesis (section 2.3).

As mentioned in Chapter 1, this thesis focuses on early adolescents (11-14 years), an age
group characterized by increasing autonomy [53,66], resistance to parental restrictions [168], and
emerging self-regulation abilities [66,75]. However, this chapter also includes literature that
addresses children more broadly, since we found limited prior work specifically targeting early

adolescents’ tech use and mediation strategies.
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2.1. Approaches to Mediating Children’s Tech Use

In this section, we first discuss strategies parents adopt to limit overuse, followed by an overview

of technical approaches that complement parental mediation.

2.1.1. Parental Mediation Strategies to Limit Children’s Tech Overuse

To protect children from the risks of using online media and the negative impact of overusing
technology, parents apply different kinds of mediation strategies, which include restrictive
mediation, active mediation, co-using the media, supervision, and monitoring [143]. In restrictive
mediation, parents impose restrictions on children’s digital engagement, which includes
controlling the kind of content they will have access to and limiting the time spent on those
activities [ 100]. In the case of active mediation, parents discuss appropriate content and usage with
children in order to promote awareness and understanding of the positives and negatives of
technology use [15,100,144]. Another approach is co-using media purposefully with children to
use screen time mindfully [26,97,144], which can positively impact children’s prosocial behavior
[124]. To monitor or control children’s tech use, many parents also employ different kinds of
technological interventions, a mediation strategy known as technical mediation [15]. Different
mediation strategies are often combined based on parents’ own perceptions of technology use or

their children’s needs [15,176].

While prior literature discusses a range of different mediation strategies, there are
conflicting findings on their effectiveness, particularly for early adolescents [104]. For instance,
the restrictive approach can be effective for young children [101], however, as children transition

to adolescence and start to experience a sense of autonomy, it can be perceived as controlling
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[110,176]. On the other hand, previous research has indicated that co-monitoring with parents,
even though it empowers early adolescents, can create tensions due to family power imbalances
[1]. A recent study highlighted the positive effect of parental co-use in mitigating adolescents’
smartphone overuse [104], while others have suggested a combination of active and restrictive
mediation [151,181,208]. These conflicting findings indicate that how to design an effective

mediation strategy for early adolescents remains an unsolved problem.

Although parents employ diverse mediation strategies for their children’s betterment, there
are often conflicts in the family due to the discrepancy between parents’ and children’s
expectations and perceptions of the appropriate use of technology [18,34,46,101]. Moreover,
conflicts can arise between parents in a family about how to manage their children’s technology
engagement due to different individual expectations, and parenting values [34,54]. Conflicts can
also occur when parents misinterpret children’s reasoning behind using technology [109].
Furthermore, if children observe their parents spending a lot of time with technology, they may
perceive it as unfair to restrict their own usage [7,34,73]. Prior research has shown that enabling
children to voice their opinions while making the rules regarding technology use [97,100], or
allowing them to negotiate with their parents about the rules to some extent [77,109] can help them
to adhere to the rules. Motivated by these previous studies, which stress the importance of
considering children’s perspectives, we actively engage early adolescents in our design process to
better understand their needs, perceptions, and the factors they prioritize when designing digital

solutions.
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2.1.2. Technical Mediation

The previous subsection provided an overview of research related to parental mediation strategies
in general. This subsection shifts focus to a more specific aspect—technical mediation, exploring
the reasons behind parents’ adoption of technical mediation and the attitudes of both children and

parents toward this approach.

Despite applying various parental mediation strategies, children often find ways to navigate
around parent-set boundaries [170]. Often parental rules for children’s tech usage lack proper
guidance and consistency and enable children to find ways to escape from the rules [144].
Children’s rule-breaking strategies include hiding the devices, continuing to play beyond the
specified time, ignoring the surroundings to focus on the devices, and exploiting grandparents’ or
caregivers’ leniency [7,139]. This problem intensifies with age, as parents find it more difficult to
maintain rules and boundaries [168]. To reduce parental stress, parents often turn to parental
control apps to regulate their children’s tech usage [16]. Technical mediation has the potential to
protect children from tech overuse and reassure the parents by sharing the burden of managing the

overconsumption issue [16].

To enable parents to monitor, supervise, or control their children’s technology usage,
researchers have focused on designing various technical mediation strategies [76,101,170,206]. In
practice, commercially available applications, such as Google Family Link [219] and Net Nanny
[220], provide parental monitoring and control features for managing children’s digital media use.
While some parents see merit in using technical mediation to facilitate children’s healthy device
use [101], others find these digital interventions unsuccessful in limiting children’s tech usage

[170], and children also feel that the tools overlook their needs [206]. For instance, in one study,
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parents of young children reported that children’s transition from engaging with technology to
disengaging is often problematic and that a tech-mediated transition is more effective than a parent-
mediated transition [101]. However, another study with parents of teens stated that parents mostly
find the parental control tools ineffective as children easily navigate around these tools [170].
Given these varying findings across age groups, it is important to investigate what strategies and
tools are appropriate for meeting the needs and preferences of early adolescents, who present

unique design challenges due to their growing autonomy and need for independence.

Furthermore, several studies on digital interventions have found that many tools disregard
teens’ perspectives and emphasize parental needs for device control [32,77,198,206]. For instance,
Wisniewski et al. conducted an analysis of 75 parental control apps for teens’ online safety,
revealing that 89% of these apps support parental control, but do not prioritize promoting teens’
self-regulation [206]. Research indicates that children strongly dislike the apps due to their overly
restrictive and invasive nature [2], as they force compliance and undermine teens’ strong desire
for autonomy [32], leading to rule-breaking tendencies, parent-child conflicts [80], and even
discontinuation of the interventions [170]. These findings highlight the importance of considering
early adolescents’ perspectives along with their parents’ when designing digital interventions, in
order to enhance compliance with the mediation strategies. This approach of involving children in
the design of such interventions mirrors the research discussed at the end of subsection 2.1.1, where
studies advocate for the inclusion of children’s voices in the formulation of tech usage rules—a

theme consistently emphasized in earlier studies.
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2.2. Promoting Early Adolescents’ Self-Regulation

This section focuses on research related to self-disengagement from technology, which informs
our approach of seeking early adolescents’ opinions on regulating their own tech disengagement.
It begins with a discussion of self-regulation strategies and then provides a brief review of existing
digital interventions from prior literature that aim to foster children’s self-regulation of technology
use (subsection 2.2.1). Additionally, this section touches upon the utilization of persuasive
technology to support children’s self-regulation in various domains, highlighting the potential to
leverage persuasive techniques in the design of early adolescents’ tech disengagement solutions

(subsection 2.2.2).

2.2.1. Self-Regulation Strategies

From early adolescence, children start to develop a sense of autonomy and privacy. If the features
of digital interventions are not child-focused, instead of developing self-awareness, they might feel
forced to comply [32,77,206]. Parents who practice a parenting style that ignores children’s
autonomy in tech use can deprive their children of the benefits of technology and can also increase
the chance of causing peer problems, for instance, being left out by peers who primarily socialize
through digital platforms [78]. These research findings highlight the importance of developing

early adolescents’ self-regulation abilities to promote healthy tech use [32].

Self-regulation, defined as the ability to initiate control over our thoughts, emotions, and
actions to achieve a certain goal [216], involves three phases consisting of self-observation, self-
judgement, and self-reaction [11]. Therefore, digital interventions promoting self-regulation of

tech use should focus on empowering early adolescents to monitor their own usage, evaluate their
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progress, and support them in adjusting their behaviour accordingly. Several strategies have been
proposed to facilitate children’s self-regulation of technology use, including self-planning,
feedback and reinforcements, journaling, self-directed speech and boundaries, and repeated
reminders [7,22,55,110,121,133,169,206]. In addition to these strategies, there is a range of
external factors that can impact early adolescents’ development of self-regulation, which need to
be considered while designing tech disengagement solutions. These factors include parental
involvement, peer influence, autonomy support, and parent-child relationships
[22,61,135,156,161,173,211]. We leverage this existing literature to map out our design space and
create design concepts for supporting early adolescents’ tech disengagement (see Chapter 4). We
further extend this literature by exploring how the self-regulation strategies and external factors
align with the unique needs and preferences of early adolescents in promoting self-regulated tech
use, with the goal of identifying suitable design strategies for digital interventions tailored to this

demographic.

As discussed earlier, restrictive strategies might not always be effective in limiting
children’s device usage. To address this, researchers have looked at designing systems that aim to
promote self-regulation among children [91,99]. These systems seek to develop intrinsic
motivation in children to limit their own device use, for example, by allowing them to plan their
own entertainment with parental guidance [99], and by using augmented reality to practice self-
regulation [91]. Additionally, researchers have explored involving both children and parents in
joint activities to limit technology use [110,114]. Despite using various strategies, prior research
has shown that transitioning from using a device to discontinuing its use can be often problematic

for children while ending screen time [101]. To make screen withdrawal easier and to support
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children’s self-regulation, researchers have designed physical screen peripheral device interfaces
that seamlessly navigate children’s attention away from the screen [214].

While there are many digital interventions aimed at regulating children’s media use, limited
research has explored how children’s perspectives can shape the design of these interventions,
particularly in the context of fostering self-regulation. Since an early adolescent’s needs and
expectations can be vastly different from an adult’s perspective, it is important to understand early
adolescents’ views when designing child-centric technology. This thesis extends the self-
regulation literature by investigating the design of digital interventions tailored to early
adolescents’ specific needs, identifying design factors that they perceive as potentially beneficial
for supporting self-regulated tech use, and distinguishing their preferred strategies from those of

their parents.

2.2.2. Persuasive Technology to Support Self-Regulation

To support self-management and regulation in various domains, including health, education, and
tech use, researchers have highlighted the benefits of using persuasive technology to foster positive
behavior change [4,119,129,153,192]. Many of these technologies integrate data visualization and
motivational elements (e.g., gamification) to promote behavior change by supporting self-
management and regulation [59,125,204]. Since practicing tech disengagement might require
behavior change for many early adolescents due to their potential tendency to overuse technology,
adapting elements from persuasive technologies could be useful in designing effective mediation
strategies. We use insights from this literature to inform our design concepts for supporting their

tech disengagement.
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2.3. Research Methods

This section reviews the research methods applied in this thesis. First, it discusses child-centric
co-design techniques (subsection 2.3.1) which we use to explore how early adolescents can be
involved in the design process of digital interventions and what design solutions they propose
(RQ1 & RQ2). Next, this section addresses the ‘Research through Design’ approach (subsection
2.3.2), which informs our approach to formulating a design space for tech disengagement and
exploring early adolescents’ and their parents’ preferred solutions (RQ3 & RQ4). Finally, it
summarizes methods from prior work related to our research focus that have characterized
academic literature and analyzed digital interventions (subsection 2.3.3), which we apply to
evaluate the alignment between researcher-recommendations, existing parental control apps, and

our target users’ preferences for tech disengagement interventions (RQ5 & RQ6).

2.3.1. Children as Co-Designers of Child-Centric Technology

While designing technology for children, HCI researchers have proposed and investigated a
number  of  approaches to involving children in  the design  process
[17,52,85,87,88,95,132,172,195]. Co-design is a form of participatory design where every
participant in the design process has an equal opportunity to contribute and express their
perspectives [196]. Co-designing with children enables them to voice their opinions and direct
researchers toward child-centric design choices along with identifying age-specific requirements.
In light of these benefits, prior research has involved children of different age groups in co-design,
ranging from young children [33,52,87] to teenagers [28-30,47]. However, to our knowledge, no

research has involved children in designing interventions to limit their overuse of technology.
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Researchers have involved early adolescents and teens in co-design in a range of different
domains including the co-design of personal informatics tools [159], mobile online safety
applications [47], digital badge systems [158,183], interactive technologies to enhance museum
experience [28—-30], tools to support parent-teen communication [187], and games to raise privacy
awareness [117]. To facilitate co-design in these studies, researchers have combined different
methods including group discussions, scenario creation, developing narratives, designing memes,
brainstorming, drawing mock-ups, and prototyping. As the first step of our research, we investigate
how to apply these techniques in the context of a new application domain: involving early

adolescents in co-design for digital interventions to facilitate technology disengagement.

Our co-design approach in Chapter 3 mostly borrows elements from the ‘Collaborative
Design Thinking’ (CoDeT) framework [132]. CoDeT supports co-design in groups with a high
child-to-adult ratio, where the target age range is 9-10-year-olds [132]. Ensuring effective
collaboration among 15-20 children in a co-design setting (e.g., schools, makerspaces) with 1-2
adult researchers requires independent effort from the children in addition to strong self-regulation
abilities [132]. Since the CoDeT framework was shown to be useful in facilitating children’s
collaboration in co-design despite the aforementioned challenges, we were motivated to use

elements of this framework in our first study design.

In light of the COVID-19 pandemic, in many cases, co-design with children has shifted
from the traditional in-person setting to an online setting [36,44,60,122]. Online co-design brings
some advantages, for example, the ability to include participants from all over the world with
diverse languages and cultures, which would be otherwise not feasible due to geographical barriers
[60]. On the other hand, transitioning to online presents new challenges, such as maintaining online

engagement, providing logistical support, and managing technical difficulties. Considering these
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new challenges, Lee et al. developed a conceptual model that identifies the complexities of
conducting co-design studies online and provides suggestions to promote engaged participation
[122]. For example, the authors discuss the importance of improvisation to balance the expected
and unexpected factors during synchronous online co-design sessions [122]. Researchers have also
explored how different co-design groups approached online co-design, documenting unforeseen
challenges and comparing different design tools and logistics decisions [60]. We drew on these
insights to adapt the CoDeT framework for the online co-design setting in our first study, which

was conducted during the pandemic.

2.3.2. Research Through Design

Research through Design (RtD) is an approach that integrates design methodologies, techniques,
and procedures to create and assess artifacts as potential solutions for the purpose of advancing
new knowledge [217]. While there are some similarities between RtD and traditional design
practices, RtD follows a more structured approach, with the objective of offering novel
perspectives on complex issues, rather than concentrating solely on the development of successful
commercial products [217,218]. In RtD, the design space surrounding the problem is explored
through iterative design and evaluation of research artifacts, demonstrating how different elements
are incorporated to generate a novel contribution to solving a complex problem [94,218]. These
artifacts or prototypes are used as probes to elicit insights from end users to assess the feasibility

of the solutions [8].

RtD is particularly useful when multiple stakeholders hold conflicting perspectives,
making it challenging to accurately model their needs for addressing the issue [217,218].

Regarding the challenge of limiting children’s technology overuse, prior literature has indicated
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that current solutions do not effectively address the diverse viewpoints of early adolescents and
their parents [2,41]. Therefore, a deeper exploration of the design space of early adolescents’
digital interventions using the Research through Design approach can contribute new knowledge

on how to generate solutions acceptable to both groups of stakeholders.

Encouraged by the effectiveness of RtD in addressing complex problems, many researchers
have employed this approach when investigating design solutions for children
[8,14,57,67,68,94,189,194,197,210]. Informed and motivated by this body of work, we also apply
Research through Design to explore and define the design space of digital interventions that
promote disengagement from technology overuse among early adolescents (Chapter 4), while

capturing the differing perspectives of both early adolescents and their parents.

To elicit user insights in Research through Design (RtD), prior work has conducted
elicitation studies where prototypes are intentionally designed to represent different combinations
within a design space [6,81,191]. These prototypes act as probes to reveal users’ thoughts and
preferences. Such studies differ from gesture elicitation studies [190,193,203], where functional
prototypes are used to derive user-defined interaction techniques [203]. In contrast, design space

elicitation studies focus on presenting distinct and contrasting ideas to provoke discussion [81].

While both elicitation studies within RtD [6,81,191] and design probe studies
[20,51,58,130] employ probes, they differ in purpose and form. Design probe studies are typically
conducted early in a research process, where the probes are deliberately ambiguous or open-ended
to spark new ideas and uncover unexpected insights, often through long-term engagement [130].
By contrast, elicitation studies use prototypes that are intentionally designed to represent specific

combinations of diverse points within a design space, with the goal of provoking reflection and
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eliciting users’ preferences and trade-offs. In our case, we first conducted a co-design study with
early adolescents to uncover users’ perspectives and novel ideas about tech disengagement, serving
a role similar to design probe studies. Building on those insights, as a next step, we explore a
design space of digital interventions for early adolescents. We employ prototypes that illustrate
different points within the space, which makes an elicitation study an appropriate method for our

RtD approach.

2.3.3. Characterizing Academic Literature and Analyzing Digital Solutions for Children’s

Tech Disengagement

Given the abundance of digital interventions designed to address children’s technology overuse,
an in-depth review of these existing tools can provide a comprehensive understanding of the
current landscape of solutions—what they offer and to what extent these existing solutions align
with our target users’ preferences. This subsection focuses on research that has systematically
reviewed relevant literature on digital interventions for managing children’s tech use and analyzed

digital solutions.

Researchers have conducted systematic reviews of prior literature focusing on the
development of tools that enable parents to supervise and control their children’s online media
usage [5,106,136]. For instance, Monteiro et al. reviewed literature on parental control apps and
educational interventions designed to enhance children and adolescents’ awareness of online safety
[136], and Altarturi et al. conducted a comprehensive bibliometric analysis of cyber parental
control tools, offering a taxonomy and insights into current research practices [5]. While these
studies concentrated on the tools themselves, Iftikhar et al. focused on reviewing the underlying

frameworks and design approaches used to develop parental control tools within HCI research
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[106]. Most of these reviews centered primarily on the topic of children’s online safety, whereas
our research focuses on children’s disengagement from technology. In contrast to solutions
designed for children’s online safety, which often prioritize protective measures like content
filtering, our emphasis lies in systematically reviewing solutions that aim to support children in

managing and limiting their device time.

In addition to systematically reviewing the relevant literature, researchers have analyzed
existing parental control applications to assess their features and effectiveness [3,80,198,205,206].
While these studies offer valuable insights into existing mediation tools, they also primarily focus
on online safety and do not analyze specific aspects contributing to children’s tech disengagement.
This thesis will complement the research work in this direction by conducting a systematic analysis
of tech disengagement features based on direct insights from early adolescents and parents to

assess how well the current features meet their needs and expectations.

Beyond parental control tools, another line of research on children’s digital autonomy has
examined the role of self-regulation in digital contexts. For instance, Wang et. al reviewed prior
literature on enhancing children’s self-regulation of screen time, promoting online safety, and
developing literacy to conceptualize digital autonomy for children in HCI [200]. Although this
work included research on self-regulation, it focused on supporting children’s broader digital
autonomy rather than addressing tech disengagement. Additionally, it did not target a specific age
group [200]. Building on this work, our research specifically addresses early adolescents’ tech
overuse by examining both relevant academic literature and applications. Our analyses identify
key design concepts and offer insights into how well they align with the preferences of our target

audience, contributing to a more comprehensive understanding of this landscape.
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2.4. Summary

In summary, this thesis extends existing knowledge on designing digital interventions for early
adolescents’ technology overuse. This chapter highlights research gaps in directly involving early
adolescents in intervention design, which we address in Chapter 3 by incorporating their
perspectives through co-designing tech disengagement solutions. Chapter 4 extends the literature
on self-regulation and persuasive techniques by integrating these insights to formulate an early
adolescent-centric design space for interventions that promote self-regulated tech use. Chapter 5
addresses the lack of systematic reviews focused on digital interventions for early adolescents by
synthesizing existing design recommendations and assessing their relevance to this age group.
Chapter 6 further complements this work by analyzing how existing parental control apps align
with early adolescents’ and parents’ preferences, identifying trends and gaps in user-centered
design. Together, these studies advance the understanding of digital intervention design for this

demographic, highlighting both opportunities and limitations.
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Understanding Early Adolescents’ Perceptions of and
Design Considerations for Digital Mediation Strategies

that Promote Technology Disengagement

In our first study, we used co-design methodology to involve early adolescents in the design of
digital interventions, aiming to investigate how they approach the issue of technology overuse.
Through a multi-session, group-based, online study, our goal was to understand how early
adolescents perceive self-disengagement from technology and explore what kinds of digital
solutions they believe could help with disengagement. Specifically, we explored the following

research questions:
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1) How can we involve early adolescents in online co-design for child-centric digital
mediation strategies?
2) What kinds of design solutions do they create and what factors do they consider while

designing?

To address these research questions, we conducted co-design sessions with participants
where we engaged them in focus-group interviews, collaborative story creation, brainstorming,
and sketching. Findings from our study reveal insights into how early adolescents conceptualize
the issue of technology overuse, what design solutions they perceive to be useful, and key design
considerations. Additionally, we share our reflections on how the study method and co-design

approach encouraged active collaboration and high-quality contributions from our participants.

This section outlines our study approach, presents the study details, and shares the findings
from our co-design sessions with early adolescents. See Appendix A.1 for approval from the
University of Manitoba Research Ethics Board for this study. This work was presented at the 2023
CHI Conference on Human Factors in Computing Systems (CHI '23) and was published in its

proceedings [37].

3.1. Study Method

Our approach to involving early adolescents in co-designing digital interventions was inspired by
the ‘Collaborative Design Thinking’ framework [132]. This framework incorporates 10 steps to
promote productive and creative collaboration including: introduction, sensitization, scaffolding
collaboration, reflection on collaboration, defining a design goal, ideation, grouping and selection,

elaboration through making, peer jury and presentation, and iteration or wrap-up. While we
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followed this general sequence, we made some adaptations to suit the online nature of the study
and the fact that we were working with slightly older children (11-14 vs. 9-10). For example, in
the CoDeT framework’s ‘elaboration through making’ step, each group works together to create a
visual representation of their concepts using low-tech prototyping materials. We adapted this step
by first asking participants to sketch a design solution individually offline and later to collaborate

online to produce a visual representation. Below, the details of our study method are presented.

3.1.1. Participants

We recruited 21 participants (7 girls, 14 boys) who were 11-14 years old (mean age: 12.5, SD:
1.06). Our sample size was informed by prior HCI studies involving children in co-design
[28,33,87], where relatively small samples (e.g., 11-15 participants) have generated rich insights
into design needs and preferences. Similarly, we prioritized engagement with each participant to
elicit nuanced perspectives rather than aiming for statistical generalizability. Our sample size was
also influenced by the richness of data gathered from each participant, and practical considerations,

such as participant availability.

The eligibility criterion to participate in the study was that the participants should have
experience in using any kind of digital media frequently, for at least 2 hours per day. This criterion
was based on the recommended recreational screen time limit of 2 hours per day for children and
youth [160], with usage exceeding 6 hours daily considered excessive [27]. We did not define
“digital media” in our recruitment material, leaving its interpretation criterion flexible. We
recruited via advertisements posted on online media channels (e.g., Facebook, Slack), throughout
our university campus, and through snowball sampling [83] and word of mouth. Our recruitment

approach resulted in participants from seven different countries (Canada: 9, Bangladesh: 3, France:
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3, India: 3, the United Arab Emirates: 1, Netherlands: 1, Philippines: 1). Table 1 lists details about

participants

Although our inclusion criteria did not specify any language requirement, all participants,
except the Bangladeshi ones, communicated in English during the sessions. Since the study was
conducted by researchers at a Canadian university, participants may have anticipated that English
would be the primary language of communication. For sessions with Bangladeshi participants who

preferred to speak in Bengali, I translated and transcribed the recordings into English for analysis.

Table 1: Participants’ Demographic Information.

Group# Participant# Age Gender Country
Gl pl 11 Boy Bangladesh
p2 11 Girl Bangladesh
p3 12 Girl Bangladesh
G2 p4 12 Boy India
pS 12 Boy India
po 11.5 Girl India
G3 p7 13 Girl France
p8 14 Girl France
P9 13 Boy France
G4 P10 13 Boy Canada
pll 14 Boy Canada
pl2 13 Girl Canada
G5 P13 12 Boy Canada
P14 11 Boy Canada
P15 14 Boy Canada
G6 P16 11 Boy Netherlands
P17 13 Boy UAE
P18 13 Boy Philippines
G7 P19 14 Girl Canada
P20 14 Boy Canada
P21 11 Boy Canada
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We informed the participants that their participation is voluntary and that they could
withdraw from the study at any time. In appreciation of their time, the participants received $10
for attending each session as an honorarium. We offered participants who completed all three

sessions an additional $10.

Since the goal of co-design is to promote collaborative creativity [132], we opted to form
groups rather than hold individual sessions. Collaboration tends to encourage creativity in children
more than working individually [149], and the sense of accountability while working as a team

can motivate contributions to design tasks [132]. We opted for groups of three, which led to seven

groups in total. Given the challenges of recruiting and scheduling a multi-session study, we formed
the groups based on participants’ availability. If participants disclosed existing relationships (e.g.,
siblings, friends, classmates), we kept them in the same group since they contacted us at the same
time. Other than the parents’ or caregivers’ convenience, keeping familiar participants together
ensured that any offline discussions about the study (if any) were confined to a particular group so
as to limit cross-group contamination. Among the seven groups, one group consisted of
participants who knew each other prior to the study. For the remaining six groups, at least one
participant did not have an existing relationship with the other two participants. The groups

remained the same throughout all three sessions.

3.1.2. Study Tasks and Procedure

After obtaining written consent from a parent and the participant, we scheduled three sessions (see
Figure 1 for an overview). Each of these sessions was conducted remotely via Zoom. Through

these three sessions, we involved participants in activities to conceptualize the problem, discuss
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Figure 1: Co-design Study Procedure.

the problem with their peers, collectively brainstorm ideas, and produce a final design solution.
Dividing the study into three sessions allowed participants to spend sufficient time on each of these
activities and provided the opportunity to reflect on the problem of tech overuse individually in
between the sessions. All the sessions were conducted by me, and no other researcher participated
in or facilitated any of the sessions. Each session lasted approximately 60-90 minutes and was

recorded for data analysis purposes. Below, the details of each study session are described.

3.1.2.1 Session 1: Focus Group & Collaborative Story Creation

The objective of the first session was to learn about participants’ current tech practices, how they
conceptualize the issue of tech overuse, and how they perceive the concept of tech disengagement.
Before starting the first session, I administered a short individual online survey to collect
information on participants’ current technology usage (see Appendix A.4). Then participants
introduced themselves and engaged in a team-building activity, where they came up with a name
for their group. Then, I introduced the research problem by discussing how digital devices have
become an integral part of our daily lives and by asking the participants if they knew about any
negative consequences of spending too much time with digital devices. Then I stated the design
problem to participants as follows: “Even though we know the negatives, sometimes we still find it

hard to stop spending too much time with these devices. In this study, together, we will try to find
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a way to help control the urge to use devices when you are not supposed to. We will think of
different solutions that might work for you and at the end of the workshop, you will design a
technological solution that you feel will help you easily stop using technology whenever you want
to or help you follow your parents’ rules more comfortably. ” While framing our research problem,
we did not specifically mention ‘technology addiction’. Studying digital addiction in children is
complex [40] and we were cognizant of the fact that adolescents might distort the truth about an
addiction to avoid stigmatization [86]. Therefore, we did not ask our participants to self-report

childhood addictions or attempt to investigate addiction patterns.

After introducing the research problem, I conducted a focus group interview where
participants discussed their media usage patterns, their parents' restrictions, and their responses to
those restrictions. Next, I asked participants to create a story collaboratively about an early
adolescent who struggles with limiting their device use. For this activity, participants used Google
Slides, where they worked within a template that we populated with icons of sample characters

and different objects that they could copy and paste as necessary while creating the story.

As part of their story, participants were asked to come up with a character of their age who
sometimes has trouble controlling their tech use and to describe a situation where the main
character did not stop using devices when the character was supposed to disengage. Participants
were also asked to think about how the character would feel about this situation and about finding
a mitigating solution. The intention of this exercise was to enable the participants to express their

thoughts on tech disengagement through the characters of the story.
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3.1.2.2 Session 2: Collaborative Brainstorming & Mapping Ideas

The goal of the second session was to investigate what kind of solutions participants would
generate to address the problem of tech overuse, and what aspects of the solutions they saw as
being potentially helpful. To this end, I asked participants to collaboratively brainstorm different
ideas and map similar ideas together using Google Jamboard. During this activity, I reminded
participants to focus on digital solutions. Additionally, participants were prompted to think about
child-centric solutions (i.e., strategies that would be favorable for children and would not make
them feel forced, upset, or angry) instead of popular parent-oriented solutions (e.g., parental lock,
timeout app). I also prompted them to think about what would work for them, or the character of
their story. At the end of this session, the participants were encouraged to complete an individual
offline task in preparation for the final session: to create a rough sketch of a digital solution based
on ideas from this brainstorming session. Prior research has demonstrated that incorporating both

individual and group ideas can enhance the ideation process [116].

3.1.2.3 Session 3: Focus Group & Generating a Final Solution Collaboratively

The objective of the third session was to observe how the participants collaboratively converged
to a final solution, including which ideas they preferred and why. In this session, the participants
worked together to sketch a final design solution based on their previous discussions,
brainstorming, and individual sketches. I started this session by having each participant share and
explain their individual sketch. From there, participants discussed the ideas they liked most and
how to combine or include them in the final solution. They then worked on a final solution in
Google Jamboard, where they could sketch collaboratively, add annotations and upload images of

hand-drawn sketches. To encourage participation and collaboration, I informed participants that
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their final sketches would be entered into a design competition at the end of the study, to be voted

on by fellow participants.

After sketching their final solution, participants took part in another semi-structured focus
group interview where I asked them to describe their sketch and discuss why they think it might
help children disengage from excessive tech use, what aspects of their solution might not work,

and whether they felt the solution would work for them.

3.1.3. Data Collection & Analysis

Our primary data came from the recordings of the semi-structured focus group interviews and the
participant-generated artifacts. I transcribed the study sessions and read through the transcripts and
artifacts multiple times to familiarize myself with the data. Then I applied Reflexive Thematic
Analysis [21], starting with multiple rounds of coding of the data. In the next phase, I generated
initial themes and subthemes by identifying patterns and then grouping the codes together. Then
along with another HCI researcher, we refined and defined the themes collaboratively while

revisiting the data frequently to ensure that our themes are grounded in the raw data.

3.2. Key Findings

Our study findings are divided into three subsections. First, findings from our survey and our initial
focus group interviews are shared, including participants’ device usage patterns and their family
experiences with technology. Next, findings regarding participant engagement in the co-design
activities are discussed. Finally, important design factors that emerged from our thematic analysis

are explored. The findings are supported with sample participant quotes and images of participant-
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generated artifacts. Participant data is labeled as coming from a group (e.g., G2 indicates Group
2), or an individual participant (e.g., P2-G1 indicates Participant 2, a member of Group 1). While
discussing the findings, participant counts are not presented to avoid making assumptions about
participants’ agreement or disagreement regarding a theme [43]. For example, our data collection
techniques cannot confirm that if a participant did not express their opinion about a certain theme,

they did not agree with it [43].

3.2.1. Participants’ Device Usage Patterns and Family Experiences with Technology

Through the online survey and initial focus group interviews, we elicited information on
participants’ device usage patterns, parental rules and regulations around their technology use, and
their perceptions of technology overuse. The surveys revealed that all our participants owned at
least one digital device (e.g., smartphone, laptop, desktop, tablet, gaming console), and on average,
they reported using 3 different devices at home (SD: 1.23). Other than for schoolwork, on average,
the amount of device time was 3 hours 11 minutes per day (SD: 2.01). The majority of our
participants mentioned that their parents had enforced rules about their device usage. In most cases,
the parental rules involved enforcing time limits for device use (e.g., 2 hours on weekdays, after
schoolwork is done), where rules tended to be more flexible during weekends or vacations. Only
one participant indicated that their parents use a parental control app to limit their device use.
Another participant mentioned that their parents would block the Wi-Fi after a certain period to
restrict internet access. While the majority of our participants said that they comply with the rules,
nine participants admitted to breaking the rules sometimes. Reasons for breaking the rules included

boredom, losing track of time, being distracted by notifications, being excited about an upcoming
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movie/game, etc. Another common reason was the urge to complete the activity they were

performing (e.g., finishing the match):

P13-G5: “And sometimes like, if you are playing a video game, and you’re so close to
completing a level, you can think it’s 5 more minutes. But this ‘5 more minutes’ can turn

into 15-20 minutes.”

When asked about the consequences of breaking the rules, most of the participants said
that their parents would just ask them to stop using the devices or give warnings, whereas a few
participants talked about more serious consequences (e.g., no device for a day, grounded for a
week). Even though some of our participants admitted that they break parental rules sometimes to
use technology, when asked, all participants could offer negative consequences of using
technology excessively. These negative consequences included adverse effects on the brain, health
and eyes, negatively affecting performance in school, obesity, anxiety, depression, exposure to

inappropriate content, cyberbullying, dependency on devices, and technology addiction.

3.2.2. Engagement in Co-Design Activities

Prior work has found that involving early adolescents in HCI research can be challenging [63,64].
For example, early adolescents can be difficult to motivate, particularly when it comes to research
participation [64]. Moreover, early adolescents spend more time online and on devices than other
age groups [103]. It was unclear how these factors would interact in a co-design study in terms of
how stimulated participants would be to contribute perspectives and ideas. Overall, we observed a
high level of engagement in the study activities. Participants contributed actively to discussions,

and the groups proposed a wide range of ideas and solutions to promote disengagement from the
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overuse of technology. This subsection discusses how our participants engaged in the study
activities, highlighting particular aspects of the study method that appeared to facilitate design

contributions and discussion.

3.2.2.1 Story Creation Helped Understand How Participants Conceptualize the Problem of Tech

Overuse

Our participants created collaborative stories that appeared to capture how they conceptualized the
problem of tech overuse. While generating their stories, they discussed different examples of
technology overuse and its consequences. For example, the participants talked about how the main
character of their story suffered from loneliness and depression, withdrew from other activities,
and avoided socializing (See Figure 2A). Participants also depicted how the main character
realized the detrimental effects of overusing technology on their health, including tiredness,

sleeping disorders, headaches and burning/blurry eyes.

Through their stories, participants also illustrated children’s attitudes toward parental rules
regarding tech use. For example, in two stories, the main character felt upset and angry at their
parents for not being able to continue playing (See Figure 2C). Also, participants sometimes felt
that their parent’s rules were not fair, which was reflected in their stories. The following quote

illustrates this sentiment:

P11-G4: “So, he [the story character] knows even if he finishes homework, he won'’t be

’

able to play. He’ll be very sad, and the parents don’t understand his emotions.’

Two groups talked about how the character was secretly playing with his devices in their

stories. At the same time, one group depicted the main character as feeling guilty about not
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“| feel guilty about spending too much
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parents can track how much screen
time | use everyday.” ‘I hope | don’t
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Jimmy would be annoyed at finding a solution and be mad since he couldn't continue beating his level in
his video game. Jimmy would be too focused on his video game to be able to find a solution. His anger
and add