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Abstract

Background: Adolescent sexual and reproductive health (ASRH) remains a critical public
health priority in Ethiopia, where adolescents face persistent barriers to accessing responsive and
high-quality sexual and reproductive health (SRH) services. Conventional top-down
interventions often fail to address adolescents’ lived experiences and local contexts. Human-
centered design (HCD) offers a participatory and context-sensitive approach for developing
adolescent-responsive interventions. As part of the SAFE study (Strengthening PrimAry
Healthcare Facilities), this study reports on the application of HCD to co-design an integrated
ASRH intervention package for primary healthcare facilitiesin Southern Ethiopia

M ethods; The study was conducted from 25" May to 5™ October 2025 in Arba Minch town and
surrounding districts, encompassing urban and rural communities served by primary healthcare
facilities. We employed a participatory co-design approach grounded in HCD and participatory
action research to develop integrated intervention packages. This approach was selected to
ensure contextual relevance, cultural sensitivity, and feasibility within existing health system
structures. Adolescents, healthcare providers, youth leaders, facility managers, and researchers
were engaged through iterative needs assessments, co-design workshops, and prototype
refinement. Qualitative data were analyzed thematically and iteratively to inform Intervention
package devel opment.

Results: The co-design process generated four integrated intervention packages. (1) capacity
building for healthcare providers and facility managers to enhance technical competence and
adolescent-responsive service delivery; (2) peer navigator programs to enhance demand, service
utilization, adherence, and linkage to ASRH service; (3) an SRH call center to Confidential
information counsaling, appointment, and bridge secondary barriers (barriers from treatment
seeking to reach health service); and (4) strengthening adolescent-friendly health facilities to
improve accessibility, privacy, and quality of care.

Concluson: Human-centered co-design enabled the development of a comprehensive and
integrated ASRH intervention package that addresses multilevel barriers Service provision,
accessibility, utilization, and integration. Institutionalizing human-centered approaches within
existing health systems may enhance equity, effectiveness, and sustainability of ASRH services.
Future research should evaluate the implementation, scalability, and impact of these
interventions.

Keywords. Adolescents, Sexual and Reproductive Health, Human-Centered Design,

Implementation Research, Primary Healthcare, Ethiopia
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| ntroduction

Adolescence is a pivotal stage of development characterized by rapid physical, psychological,
and socia transitions that shape lifelong health and well-being(1). While the WHO defines
adolescence as ages 10-19 years, recent evidence indicates that extending this range to 1024
years more accurately reflects biological and social development and enables interventions to
reach a broader group of young people, particularly in improving access to sexual and
reproductive health services (1-3). Expanding the age range acknowledges the extended period
of vulnerability and opportunity for intervention, especially in low-resource settings.

Despite being a critical period for establishing lifdlong health behaviors, yet young people in
low- and middle-income countries face persistent barriers to accessing sexual and reproductive
health (SRH) services(4). Key challenges include limited availability of adolescent-responsive
care, social stigma, lack of privacy, and fragmented service delivery (5-7). In Ethiopia,
specifically, where adolescents congtitute over one-fifth of the population, these barriers are
particularly pronounced, encompassing provider bias, insufficient privacy and confidentiality,
limited access to contraceptives, and pervasive stigma surrounding adolescent sexuality(9-11).
As aresult, these factors constrain both utilization and effectiveness of adolescent SRH services,
leaving young people at heightened risk of early and unintended pregnancies, unsafe abortions,
sexually transmitted infections (STIs), and other adverse health and social outcomes(14).

Conventional top-down SRH interventions have repeatedly failed to address adolescents' lived
experiences, largely because young people are seldom involved in the design or implementation
of health services(1). This exclusion often results in interventions that are poorly aligned with
adolescents’ needs, preferences, and sociocultural realities, leading to limited acceptability and
suboptimal utilization(2). In Ethiopia, existing adolescent SRH programs and studies have
predominantly adopted expert-driven or provider-centered approaches, with minimal use of
adolescent participatory design methods(3). Moreover, much of the available evidence focuses
on intermediate outcomes such as knowledge, attitudes, or service uptake, while paying limited
attention to implementation dimensions including feasbility, scalability, fiddity, and
sustainability within primary healthcare systems (4, 5). Together, these patterns illustrate the
persistent shortcomings of top-down approaches and the resulting disconnect between program
design and adolescents' everyday realities.
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89

90 To address the limitations of conventional top-down approaches, innovative and context-
91  sensitive strategies are needed that actively engage adolescents and other stakeholders in the
92  design and implementation of SRH interventions (1). Human-Centered Design has emerged as a
93  promising aternative, offering a structured yet flexible framework for co-creating interventions
94 that are responsive to adolescents needs, preferences, and lived experiences (2-4). By centering
95 the voices and experiences of adolescents, healthcare providers, youth leaders, and facility
96 managers, HCD-informed interventions can enhance relevance, acceptability, feasibility, and
97 effectiveness, while explicitly addressing both supply- and demand-side barriers. Unlike
98  conventional top-down models, HCD fosters solutions that are more likely to be feasible,
99 scalable, and sustainable within local health system constraints(5). Integrating HCD into
100  adolescent SRH programming therefore holds significant potential to improve equity, utilization,
101 and health outcomes, particularly in resource-constrained settings such as Ethiopia. Despite this
102  promise, few studies in Ethiopia have systematically applied participatory or human-centered
103  approaches that meaningfully involve adolescents and community stakeholders, highlighting a
104  critical gap in both research and practice (4, 6).

105  Given this evidence gap, there remains limited understanding of how to effectively design and
106  implement adolescent-responsive SRH interventions in primary healthcare settings in Ethiopia.
107  Inresponse, the present study employed a co-design process to develop an integrated package of
108 interventions aimed at strengthening the accessibility, quality, and acceptability of SRH services
109  for adolescents. By actively engaging adolescents, healthcare providers, and facility managers in
110  the design process, this study sought to ensure that the resulting interventions are contextually

111 relevant, feasible, and responsive to the unique needs of Adolescentsin Southern Ethiopia

112 Methods

113 Study Setting: This study was conducted in Arba Minch and surrounding districts, covering
114  both urban and rural communities served by primary healthcare facilities. These facilities
115  provide essential SRH services but face persistent challenges, including low service utilization,
116  limited adolescent and youth-friendly spaces, gaps in provider training, and resource constraints.
117  Service delivery is further complicated by inadequate privacy, periodic stock-outs of essential
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118 commodities, and prevailing sociocultural norms that influence adolescents health-seeking
119  behaviors. Understanding these multifaceted contextual realities is critical to designing
120  interventionsthat are responsive, acceptable, and effective for adolescents in these settings.

121 Study Design and Period: This study employed a participatory co-design approach, grounded in
122 the principles of human-centered design (HCD) and participatory action research, to develop
123 intervention packages tailored to the needs of adolescents and young people. Co-design was
124  deliberately chosen to ensure interventions were locally relevant, culturally sensitive, and
125  feasible within existing health system structures. The research followed iterative learning cycles,
126  with the Design Phase utilizing HCD methods to anchor interventions in user experiences,
127  technical feasibility, and alignment with routine service delivery. Central to this phase were three
128  participatory workshops encompassing all five stages of the HCD process. These workshops
129 facilitated active stakeholder engagement, fostered collaborative problem-solving, and enabled
130  the co-creation of practical, scalable, and context-driven solutions within primary healthcare
131  settings. Participant recruitment started on 25/05/2025 and ended on 05/10/2025.

132 Participants and Stakeholders: The co-design process engaged a diverse, purposively selected
133  group of stakeholders, including adolescents (10 to 24 years), youth leaders, healthcare
134  providers, facility managers, senior researchers, and the design research team. Selection
135  prioritized representation across age, gender, professional roles, and decision-making levels
136  relevant to ASRH service delivery. Adolescents and community youth leaders contributed
137  experiential insights on barriers to access and preferences for care, while healthcare providers
138  and facility managers offered perspectives on service delivery constraints, workforce capacity,
139 and implementation feasibility. Senior researchers and the design team provided Prototype
140  development throughout the co-design activities. Purposive and snowball sampling ensured a
141  wide range of voices across geographic and social contexts, enabling a rich, multi-level

142 understanding of challenges and opportunities for strengthening ASRH services.

143  Human-Centered Design Framework: The development of interventions was guided by a
144 HCD framework, implemented through three iterative and complementary phases. Phase 1
145 involved a deep exploration of adolescents' experiences and perspectives to uncover critical
146  barriers to accessing sexual and reproductive health (SRH) services. Phase 2 translated these
147  indghts into “How Might We” (HMW) questions, stimulating creative, context-driven solution
148  generation. Emerging solutions were then thematically organized and rigorously assessed for
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149  feasibility, acceptability, and potential impact. Phase 3 emphasized prototyping and iterative
150 testing with key stakeholders including adolescents, healthcare providers, and facility
151  managers—allowing interventions to be refined based on real-world feedback. This approach
152  ensured that the final interventions were practical, culturaly relevant, and fully aligned with the
153  capacities and realities of the local health system.

154 Co-Design Activities

155  The co-design process was conducted through a series of iterative, structured stages guided by
156  HCD principles. Prior to initiating the workshops, findings from previous studies in the study
157  area were reviewed to inform the design and focus of the co-design activities. Building on this
158  evidence, three participatory HCD workshops were conducted with adolescents, healthcare

159  providers, and facility managers.

160  The first workshop (Co-Discovery/Empathy) aimed to explore barriers to adolescent SRH
161  service access and utilization. Participants collaboratively mapped challenges through
162  participatory discussions and reflections. In parallel, in-depth interviews (IDIs) with healthcare
163  providers and facility managers examined service ddivery constraints and contextual factors
164 influencing adolescent care. Facility assessments documented infrastructure, resources, and
165  service delivery practices relevant to adolescent SRH. Collectively, these activities generated a
166  comprehensive understanding of barriers and opportunities for strengthening adolescent-friendly

167 SRH services.

168  The second workshop (Co-Design) focused on solution generation. Using “How Might We”
169 (HMW) questions, participants—including adolescents, youth representatives, healthcare
170  providers, facility managers, and academic researchers engaged in brainstorming, journey
171 mapping, and role-play exercises to foster creativity and collective problem-solving. Proposed
172 solutions were then clustered thematically and prioritized according to feasibility, acceptability,
173 and alignment with existing health system Using Google docs. The third workshop (Prototyping)
174  trandated selected ideas into low-fidelity prototypes, such as Call center, peer navigator
175 initiatives, adolescent-friendly service modifications, community engagement strategies, and
176  hedlth learning materials. Prototypes were iteratively refined through structured feedback |oops
177  with participants to ensure practicality, contextual relevance, and alignment with service delivery
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178  redlities. The fourth stage (Pilot Testing) involved implementing the prototypes on a small scale
179  to evaluate feasibility, acceptability, and appropriateness within routine primary healthcare
180  settings.

181  The fifth stage (Iterative Refinement and Integration) consolidated lessons learned from pilot
182  testing into a cohesive, integrated intervention package, which was subsequently validated
183  through consultative meetings with adolescents, facility managers, and district health officials.
184  The final package was aligned with national adolescent and youth health guidelines to ensure
185  policy relevance and sustainability. All workshops and interviews were conducted in the local
186  language by trained qualitative researchers. Sessions were audio-recorded with participants
187  consent, transcribed verbatim, and supplemented with detailed field notes to capture non-verbal
188  cues and contextual nuances. Data sources included facilitator notes, flip charts, visual artifacts,
189  and workshop outputs, ensuring that the co-design process was grounded in a rich and nuanced
190  understanding of adolescents experiences and service delivery realities.

191 Data Analysis

192 Data from the co-design process were analyzed using a systematic qualitative synthesis
193  approach. Generated ideas from workshops were first organized through clustering and affinity
194  mapping, followed by thematic analysis to identify recurring patterns and intervention domains.
195  Qualitative data from in-depth interviews, workshops, and field observations were transcribed
196  verbatim, translated into English when necessary, and coded inductively. The coding framework
197  wasiteratively refined to capture barriers, facilitators, and opportunities for strengthening ASRH
198  services.

199  Proposed solutions were then clustered thematically and prioritized according to feasibility,
200  acceptability, and alignment with existing health system structures. Disagreements were resolved
201 through facilitated group discussions and consensus-building exercises, ensuring that the final
202  intervention packages reflected shared priorities across stakeholder groups. Workshop outputs
203  were examined through both socio-ecological and health systems lenses, allowing analysis across
204  individual, facility, community, and policy levels. Findings were organized into thematic
205  categories and further prioritized according to feasibility, potential impact, urgency, stakeholder
206  support, and alignment with study objectives. Participatory HCD tools, including storytelling,
207  journey mapping, and feasibility—mpact matrices, were employed to validate and refine key
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208  indghts. Feedback from prototypes and co-designed solutions was triangulated with interview
209 and facility assessment data, capturing both convergent and divergent perspectives.
210  Discrepancies were resolved through consensus discussions, while field notes and reflective

211 memos enriched the contextual interpretation of findings.

212 Results

213 Participant Characteristics

214 A total of 63 participants were engaged in the co-design process, representing diverse
215  stakeholder groups. Among these, 35 were adolescents and young people aged 10-24 years, with
216  an approximately equal distribution of males and females, recruited from rural, urban and semi-
217  urban communities. Adolescents were purposively selected to capture variation in school
218  attendance, residence in hotspot areas, and prior experience with health services. In addition, the
219  study included eight healthcare providers (nurses, midwives, and health extension workers) and
220  four facility managers, who contributed insights into service delivery practices and health system
221 challenges. The process also involved eight research team members, four senior researchers, and
222 four local health officials, who participated in consultative workshops to ensure contextual
223  relevance and alignment with local priorities and policy frameworks. Overal, the sample
224 provided a balanced mix of end-users, service providers, and stakeholders, supporting a
225  comprehensive understanding of barriers, facilitators, and opportunities for strengthening ASRH
226 searvicesin primary healthcare settings.

227 Key Findings from the Co-Design Process

228  The co-design workshops and complementary activities generated rich insights into the barriers,
229  facilitators, and opportunities for improving adolescent SRH services. Findings are presented
230 thematically, reflecting both the stages of the HCD process, , socio-ecological model, and health

231  systemslevels of influence.

232 Barriersto Adolescent SRH Service Utilization
233  The design team initially convened virtually via Zoom, led by the project lead, to review

234  formative research findings and collaboratively identify barriers to ASRH service access and
235 utilization. This was followed by a face-to-face Empathize & Define Problem Workshop, which
236  included adolescents, healthcare providers, facility managers, and design team members from
237  both rural and semi-urban communities.
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238  The workshop began with a presentation of formative research findings, synthesizing
239  perspectives from Adolescents and young people, service providers, facility managers, senior
240 researchers, and design team members regarding SRH needs, barriers, and existing services.
241  Analysis employed a hybrid framework combining the SEM with a health systems lens,
242  providing a comprehensive, multi-dimensional understanding of factors shaping ASRH
243 Accessihility, utilization, and adherence. The SEM highlighted barriers across five interrelated
244  levels intrapersonal, interpersonal, institutional, community, and structural capturing the
245  complex interplay of personal, socia, and environmental influences on Adolescent service
246 seeking, utilization and compliance behavior. Complementing this, the health systems
247  perspective identified operational and systemic challenges, including provider capacity, facility
248  readiness, accessibility, and governance limitations. This dual approach ensured findings were
249  both contextually grounded, reflecting adolescents’ lived experiences, and structurally informed,
250  addressing broader health system constraints affecting service delivery.

251  Participants initially identified 57 barriers, which were subsequently grouped into three
252  interrelated levels: individual/intrapersonal, family/community, and health system/structural. A
253  facilitated discussion then validated the findings, ensuring they accurately reflected stakeholders
254  experiences and surfaced overlooked perspectives. Through an interactive prioritization exercise,
255 19 key barriers were selected for ideation workshop. (Appendix table 1).

256  ldeation Workshop Findings

257  The ldeation Workshop, the second phase of the process, focused on translating the prioritized
258  ASRH barriersidentified in Phase 1 into actionable solutions. The workshop convened a diverse
259 group of stakeholders including adolescents and youths, healthcare providers, youth leaders,
260  researchers, and the design team who collaboratively refined and finalized priority intervention
261  areas. From the 19 barriers initially identified through expert consultation, 10 priority barriers to
262  ASRH service access and utilization were validated based on severity, feasibility of intervention,
263  and consistency with the lived experiences of adolescents and service providers. These barriers
264  were clustered into three thematic areas: Service Delivery; Family and Community Engagement;
265 and Information and Education. This thematic grouping provided a structured framework for
266  intervention design.
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267 Using the “How Might We...” (HMW) framework, participants collectively reframed these
268  thematic barriers into solution-oriented problem statements. This process merged overlapping
269  challenges, addressed underlying root causes, and transformed problem-centered discussions into
270  opportunity-driven exploration. The resulting HMW questions guided the development of
271 culturally appropriate, contextually relevant, and adolescent-responsive interventions across the
272 three thematic areas. Thus, this streamlined ideation process ensured that subsequent
273 intervention design was evidence-informed, stakeholder-driven, and user-centered, establishing a
274 dtrong foundation for prototyping and testing contextually appropriate ASRH
275  solutions(Appendix table 2).

276
277 |dea Generation and Thematic Clustering

278  During the co-design process, participants generated a total of 140 creative and contextually
279  grounded ideas in response to the priority barriers affecting access to and utilization of ASRH
280 services. The ideation session, guided by the previousy developed “How Might
281  We...questions’ fostered divergent thinking and drew on the diverse perspectives of adolescents
282  and young people, youth leaders, service providers, facility managers, senior researchers, and
283  members of the design team. The ideas multispectral network digital innovations, peer-to-peer
284  support models, health system strengthening strategies, and community-based interventions,

285  reflecting acomprehensive and inclusive approach to addressing ASRH barriers.

286  Following generation, participants engaged in a collaborative clustering exercise to organize the
287 ideas into three strategic thematic areas. Service Delivery (71 ideas) focused on improving
288  access, promoting youth-friendly services, enhancing provider capacity, and strengthening
289  overal service quality. Family and Community Engagement (40 ideas) emphasized parental
290  involvement, fostering supportive community environments, and ensuring culturally responsive
291 interventions. Information and Education (29 ideas) highlighted strategies to improve
292  adolescents knowledge, increase awareness, and optimize communication channels. The
293  clustering process was guided by explicit criteria, including alignment with objectives and

294  intended outcomes, relevance to target populations, feasibility given existing resources, cultural
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295  appropriateness, potential impact on ASRH outcomes, and accountability of implementing
296  actors. Each cluster was reviewed and presented to the plenary, with clear rationales linking the
297  grouped ideas to the identified ASRH barriers. This systematic approach enabled participants to
298  synthesize contributions, identify emerging solution patterns, eiminate redundancies, and distill
299  actionable strategies. Overall, the session produced dozens of innovative, contextually grounded
300 ideas, organized into coherent thematic clusters, providing a strong foundation for the design of
301 integrated interventionsin the next phase of the project. (Appendix table 3).

302 Feagbility and Impact Assessment
303 Feashbility-Impact Matrix was used to prioritize intervention themes based on technical

304 feasibility, resource requirements, potential impact, and scalability. Service Delivery
305  Strengthening emerged as both highly feasible and high impact, with key strengths including
306 being actionable, infrastructure-ready, and scalable; implementation challenges primarily
307 involved Monitoring and evaluation training, making it a top priority for immediate
308 implementation (Phase 1). Information, Education, and Communication (IEC) Strategies
309  were rated moderate-to-high for feasibility and impact, with the advantage of being scalable and
310 adaptable to digital or peer-led platforms; however, potential barriers such as digital access
311 digparities and literacy gaps suggested their phased implementation between Phase 1 and Phase
312 2. Family and Community Engagement was considered moderate in feasibility but high in
313  impact, as it fosters supportive norms and encourages community ownership, though it requires
314  sustained behavioral change and is therefore suitable for later phases of implementation (Phase 2
315 onward). Overal, this assessment provided a structured approach to balancing practicality and
316  potential impact, guiding the strategic rollout of adolescent sexual and reproductive health
317  interventions. (Appendix table 4).

318  Developing final intervention package

319 Following the Feasibility and Impact Assessment, prioritized themes were translated into
320 actionable strategies through a co-design process. The process began with mapping specific
321  activities to the high-priority areas of service delivery strengthening, information and education
322  drategies, and family and community engagement, ensuring contextual relevance and
323  stakeholder acceptability. Resource requirements were assessed, and a phased implementation
324 plan aligned high-feasibility interventions with immediate rollout and moderate-feasibility
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325 interventions with later phases, supported by a monitoring and evaluation framework to guide
326  iterative refinement.

327 A Prototype Workshop further refined the interventions by translating prioritized solutions into
328 low-fidelity prototypes to assess usability, acceptability, and alignment with adolescent needs.
329 This included role-play simulations of adolescent-provider interactions, visual mock-ups of
330 youth-friendly spaces and educational materials, and service flow diagrams of integrated SRH
331 pathways. From this process, five key prototypes were selected for pilot implementation:
332 capacity-building for providers and managers, an integrated peer navigation program, SRH call
333  center support, adolescent-friendly service environments, and a supportive supervision and
334 mentorship system. This stepwise, co-designed approach ensures that interventions are
335 contextually grounded, strategically phased, and provide a comprehensive, multi-level
336  framework to strengthen adolescent sexual and reproductive health services.

337 Description of Final Intervention Packages
338  Through an iterative co-design and prototyping process, four integrated intervention packages

339 were developed to strengthen ASRH services in primary healthcare facilities. Each package
340 addresses distinct but complementary barriers at the individual, provider, facility, and
341  community levels, incorporating stakeholder input to ensure contextual relevance, feasibility,
342  and sustainability. The first package, Capacity-Building for Providersand M anagers, includes
343  in-person workshops, interactive sessions, and on-site mentorship to equip health providers and
344  facility managers with competencies in integrated and adolescent-friendly SRH service delivery.
345 The training focuses on VCAT, non-judgmental communication, confidentiality, and client-
346  centered care, with these principles reinforced through continuous supervision, periodic refresher
347 sessions, and structured performance feedback. The second package, Adolescent-Friendly
348  Service Environments, focuses on operational modifications within facilities to improve
349  comfort, privacy, and accessibility for adolescents. Adjustments include welcoming waiting and
350  consultation areas, extended service hours to accommodate school schedules, adolescent-specific
351  service blocks to reduce waiting times, and visual Health learning materials such as banners and
352 leaflets that promote inclusivity, confidentiality, and awareness of available services. The third
353 package, Integrated Peer Navigation targets hotspot areas by engaging peer navigators to
354  provide SRH information, counseling, and guidance through outreach activities, facility-based
355  support, and community follow-ups. Structured referral pathways link adolescents to appropriate
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356  health facilities and social services, while continuous monitoring ensures effective engagement
357  and utilization of services, fostering a supportive peer-driven network. The fourth package, SRH
358 Call Center Support, establishes a confidential toll-free hotline to provide real-time SRH
359 information, counseling, appointment scheduling, and referral linkages. Call center staff are
360 trained in adolescent communication, privacy protocols, and accurate information dissemination,
361  with integration into facility records ensuring follow-up and continuity of care. During
362  implementation, the call center received numerous inquiries primarily regarding contraception,
363 menstrual health, sexually transmitted infections, and confidentiality concerns. Adolescents
364  reported high satisfaction with the service, citing convenience, anonymity, and reliability, while
365  facility records indicated increased in-person service utilization. (Appendix table 5).

366 Discussion

367 This study co-designed an integrated intervention package to strengthen ASRH services using a
368  human-centered design approach. Four complementary interventions provider capacity-building,
369  peer navigation, an SRH call center, and adolescent-friendly health facilities were developed to
370  address multilevel barriers to ASRH service utilization, spanning system-, community-, and
371 individual-level challenges identified through the human-centered design process. Engaging
372  adolescents, service providers, and community stakeholders throughout the co-design process
373  ensured that the interventions were contextually appropriate, acceptable, and feasible. The
374  iterative co-design and prototyping approach enhanced both the relevance and practical
375  applicability of these interventions while fostering stakeholder ownership and alignment with
376  local needs, health system structures, and national guidelines. These findings demonstrate that
377  participatory, human-centered design approaches can produce integrated, tailored interventions

378  capable of addressing complex barriers to ASRH service access and utilization.

379  The capacity-building package for healthcare providers and facility managers emphasized
380 VCAT, aiming to strengthen technical competence, enhance communication skills, and foster
381  adolescent-responsive attitudes. Consistent with prior research, inadequate provider capacity and
382  judgmental behaviors remain major barriers to ASRH service utilization; systematic reviews and
383  country-level studies have shown that negative provider attitudes and limited competency

384  discourage adolescents from seeking care and undermine youth-friendly service delivery(21-23).
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385 By addressing these challenges, the package enhances service quality and fosters an enabling
386  environment for adolescents, which is critical for sustaining service uptake(19). These findings
387 underscore the importance of ongoing capacity-building efforts, guided by the identification of
388  existing gaps, to maintain and further improve adolescent-responsive care.

389  The integration of SRH call center and peer navigator packages was designed to reach hard-to-
390  access adolescents, providing convenient, timely information and support while fostering strong
391 community and facility networks. The peer navigator approach leveraged adolescents
392  preference for guidance from trusted peers, serving as a bridge between adolescents and health
393 facilities to overcome socia and informational barriers, consistent with evidence that peer-led
394 interventions improve ASRH knowledge, reduce stigma, and facilitate timely service linkage.
395 Complementing this, the SRH call center provided confidential, real-time sexual and
396  reproductive health information and counseling, offering anonymity and remote access that are
397 particularly valuable in contexts where stigma and fear of disclosure limit service utilization.
398 These findings are supported by prior studies: in Zambia, community-based, peer-led SRH
399  services significantly increased adolescents' knowledge of their HIV status and access to SRH
400 services (24). while pilot studies in Kenya demonstrated that peer navigators engaging
401  marginalized youth led to high acceptance of HIV testing and improved linkage to treatment
402  when peers accompanied adolescents through the care process (25). Moreover, reviews of
403 mHealth and digital interventions indicate that mobile and Internet-based approaches effectively
404 improve adolescents SRH knowledge and provide confidential, tailored information beyond
405  traditional settings (26). These findings imply that combining peer support with digital platforms
406  can effectively enhance adolescents' access to accurate SRH information and timely services.

407  Strengthening adolescent-friendly health facilities was central to ensuring that increased demand
408 trandated into effective service utilization. As part of this package, we designed dedicated
409 adolescent waiting areas and welcoming rooms, established adolescent clinics, provided
410 informational brochures in local languages, ensured privacy, promoted respectful care, and
411  offered convenient service hours. Aligning services with these adolescent-friendly standards has
412  been consistently associated with higher satisfaction and greater service uptake(14). Another
413  systematic reviews in Ethiopia show that facility features such as convenient working hours and
414  proximity are strongly associated with increased utilization of SRH services among youth(27).
415  These findings imply that by reinforcing the supply-side readiness of the health system, such
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416  interventions create an environment conducive to sustained adolescent engagement with sexual
417  and reproductive health services.

418

419  Using Human-Centered Design (HCD) to actively engage adolescents, youth leaders, healthcare
420  providers, facility managers, and local authorities throughout the co-design process ensured that
421  interventions effectively addressed real-world barriers. Iterative feedback during prototyping and
422  pilot testing further refined the interventions, enhancing alignment with facility workflows and
423  community norms. These results are consistent with previous studies conducted in diverse
424  settings, highlighting the benefits of active stakeholder participation in fostering ownership and
425  motivation, which in turn increases the likelihood of sustained implementation beyond the study
426  period (17, 19, 28). Consstent with findings from the Adolescents 360 project across three
427  successful countries, this demonstrates HCD’s value in designing context-responsive
428 interventions that promote ownership, sustainability, and scalability (18, 29). Similarly, evidence
429  from Kenya shows that applying HCD processes when translating evidence-based interventions
430  builds on valuable knowledge while ensuring the intervention meets the needs of the new target
431  audience(30). Effective adolescent SRH programming, therefore, requires multi-level strategies
432  that address individual behaviors, community norms, and health system capacities, with phased
433 implementation optimizing resources and achieving sustainable gains (19, 31). Collectively,
434  these findings underscore that co-designed, system-level interventions can meaningfully improve
435  adolescent SRH outcomes and inform scalable strategies in similar low-resource settings (32).
436 They aso have important implications for policy and program development: aligning
437  interventions with national adolescent health guidelines facilitates scale-up and integration into
438 routine primary hedthcare services, while participatory co-design approaches promote
439  stakeholder ownership and sustainability, offering a practical framework that maximizes
440 feasibility, acceptability, and contextual fit—key considerations for future program planning and
441  evaluation (8, 33)

442  Strengths and Limitations: This study has several key strengths. The use of participatory co-
443  design and human-centered design approaches, combined with multi-stakeholder engagement,
444  iterative prototyping, and triangulation of multiple data sources, enhanced the validity, relevance,
445  acceptability, and feasibility of the interventions. Engaging adolescents, healthcare providers,
446  facility managers, and community stakeholders throughout the design process ensured that the
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447  intervention packages reflected users lived experiences, preferences, and constraints an
448  approach increasingly recognized as best practice in adolescent health programming. Notably,
449  the four intervention packages functioned synergistically: capacity building and adolescent-
450 friendly facilities strengthened the supply side, while peer navigators and the SRH call center
451  addressed demand generation and access barriers. By integrating community-based, digital, and
452  facility-level interventions, the study employed a comprehensive health systems approach that is
453  more likely to achieve sustainable improvements in ASRH service ddivery. These findings
454 imply that co-design and human-centered approaches enhance the contextual relevance,
455  acceptability, and feasibility of adolescent health interventions, offering a scalable model with
456  potential applicability to other low-resource settings. However, Limitations include the potential
457  limited generalizability of findings beyond the selected facilities in Southern Ethiopia and the
458  fact that pilot testing was conducted in only a subset of settings, which may not capture all
459  operational challengesin diverse contexts.

60 Conclusion

461  Integrating co-design and HCD approaches into ASRH interventions substantially enhances
462  contextual relevance, acceptability, and feasibility, while effectively addressing multi-level
463  barriers to service utilization. This study demonstrates that HCD is a powerful strategy for
464  strengthening adolescent SRH services in Ethiopia by actively engaging adolescents, providers,
465 and facility managers in identifying challenges and co-creating solutions. The process produced
466  four practical, low-cost prototypes provider capacity building, peer navigators, a confidential call
467  center, and adolescent-friendly service environments that collectively offer a scalable and
468  sustainable model for improving adolescent health services in low-resource settings. By
469 combining structural enhancements with demand-side strategies, these interventions extend
470  service reach beyond facility walls, mitigate stigma, improve accessibility, and provide timely,
471 confidential support. Unlike conventional interventions targeting isolated components, this
472  integrated, system-level approach illustrates how co-designed, contextually adapted packages
473  can achieve broader coverage, stronger engagement, and measurable impact, providing a
474  practical blueprint for national scale-up. Future research should prioritize piloting and rigorous
475 evaluation of these prototypes to assess effectiveness, cost-efficiency, and long-term
476  sustainability. Overall, HCD holds transformative potential to advance adolescent SRH service
477  ddivery and to accelerate progress toward national and global adolescent health goals.
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478  Policy and Practical Implications

479  This study provides compelling evidence that co-designed; HCD interventions can overcome
480 multi-level barriers to ASRH service utilization, enhancing accessibility, acceptability, and
481  engagement. Policy implications are clear: national ASRH strategies should formally integrate
482 HCD and participatory co-design principles to ensure interventions are contextually relevant,
483  adolescent-centered, and responsive to real-world challenges. Policymakers should prioritize
484  system-level, multi-component approaches that combine structural improvements such as
485  adolescent-friendly facilities and provider capacity building with demand-side strategies like

486  peer navigation and confidential call centers, thereby maximizing reach and sustainability.

487  For program implementers, the findings underscore the importance of actively engaging
488  adolescents, healthcare providers, facility managers, youth leaders and researchers throughout
489  intervention design and implementation. Iterative prototyping and pilot testing enable alignment
490  with facility workflows and community norms, strengthening feasibility, ownership, and long-
491 term uptake. The low-cost, scalable prototypes developed—provider capacity building, peer
492  navigators, SRH call centers, and adolescent-friendly service environments—offer a practical

493  blueprint for replication in low-resource settings.

494  Scalability and sustainability can be achieved by integrating these interventions into routine
495  primary hedlthcare services, phasing implementation to optimize resources, and evaluating cost-
496  effectiveness and long-term impact. Collectively, these findings provide actionable guidance for
497  policymakers, program implementers, and researchers seeking to design and scale effective,

498  adolescent-centered SRH services.
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501  Minch University, College of Medicine and Health Sciences (Approval No: IRB/23339/25) on
502 May 20", 2025, prior to data collection. Written informed consent was obtained from all
503 participants. For participants under 18 years, consent was obtained from parents or legal
504 guardians, and assent was obtained from the adolescents. Participants aged 18 years and above
505  provided their own written consent.
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508 Data collection occurred in private settings, participation was voluntary, and participants were
509 informed of their right to withdraw at any time without consequences. All reported data were
510 anonymized to prevent identification by family members, community members, or healthcare
511  providers.
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