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Abstract
Background: Adolescents are particularly vulnerable to engaging in risky sexual behaviours due to developmental changes, peer influence, and limited access to accurate sexual health information. Digital platforms have emerged as innovative channels for delivering sexual health education, but evidence on their effectiveness among Nigerian adolescents remains limited. 
Aim: This study examined the influence of digital platform–based education on adolescents’ knowledge and perception of the consequences of sexual-risk behaviours in public secondary schools in Owerri Municipal, Nigeria. 
Methods: A pretest–post-test quasi-experimental design was employed among 255 adolescents aged 14–19 years selected from government-owned secondary schools in Owerri Municipal out of a population of 5,146 students. Participants were assigned to three intervention groups: Traditional Lecture Method (TLM), WhatsApp Method (WAM), and Artificial Intelligence Method (AIM: Meta AI/ChatGPT), with 85 students in each group. Data were collected using a structured and pretested questionnaire assessing knowledge and perception of consequences of sexual-risk behaviours. Data were analysed using descriptive statistics and inferential statistics in SPSS version 23, including paired t-tests, ANOVA, and Bonferroni post-hoc tests, with significance set at p < 0.05. 
Results: Participants had a mean age of 16.8 ± 1.65 years, and most were Christians (96.9%) and Igbo (95.7%). Overall, 87.1% had previously heard about sexual risk behaviours. Baseline knowledge was high for common consequences such as HIV/AIDS and teenage pregnancy (95.3–100%), but relatively low for reproductive organ damage (42.4–65.9%) and HPV/cervical cancer risks (29.4–60.0%). After the intervention, knowledge improved significantly across all groups: TLM (mean difference = 0.304 ± 0.356, t = 7.882, p < 0.0001), WAM (0.257 ± 0.307, t = 7.712, p < 0.0001), and AIM (0.302 ± 0.281, t = 9.904, p < 0.0001). Post-intervention knowledge reached 100% for several items, including awareness of sexually transmitted infections and teenage pregnancy. Bonferroni comparison showed significant differences between TLM and WAM (MD = 0.0764, p < 0.001) and WAM and AIM (MD = 0.0764, p < 0.001), but no difference between TLM and AIM (p = 1.000). For perception, baseline scores ranged from 3.765 to 4.612 (out of 5). While no significant differences existed at pretest (F = 0.416, p = 0.667), significant differences were observed at posttest (F = 5.339, p = 0.018). Post-hoc analysis indicated that WAM (MD = 0.217, p = 0.041) and AIM (MD = 0.222, p = 0.036) significantly outperformed TLM in improving perceptions of sexual-risk consequences. 
Conclusion: Digital platform–based sexual health education significantly improved adolescents’ knowledge and perceptions of the consequences of sexual-risk behaviours. Technology-driven approaches, particularly WhatsApp and AI-supported learning, demonstrated greater effectiveness than traditional lecture methods in enhancing perception and understanding of sexual health risks. 
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Introduction
Adolescence, defined by the World Health Organization (WHO) as the period between 10 and 19 years of age, is a critical developmental stage marked by rapid physical, hormonal, emotional, and cognitive changes [1]. During this period, individuals explore personal identity, develop peer relationships, and gain awareness of sexuality. These developmental changes, coupled with curiosity and susceptibility to peer influence, make adolescents particularly vulnerable to engaging in risky sexual behaviours, often driven by misinformation, misconceptions, and limited access to accurate sexual health knowledge. Adolescent sexuality still constitutes public health concern worldwide. Studies have shown that this age group lacks accurate and adequate information on sexuality, reproductive health, the consequences of these negative behaviors, and access to reproductive healthcare commodities like contraceptives. The influence that families have on effectively promoting a positive attitude and healthy sexual behavior among adolescents has been reduced by the negative effects of modernization, among other factors (Nnebue et al., 2018).
Risky sexual behaviours among adolescents include unprotected sexual activity, multiple sexual partners, substance use to enhance sexual confidence, and other activities that increase the likelihood of sexually transmitted infections (STIs), unintended pregnancies, unsafe abortions, and mental health challenges such as depression, anxiety, and suicidal ideation [2],[3]. These behaviours remain a significant public health concern, emphasizing the need for effective strategies to enhance adolescents’ knowledge and shape their perceptions regarding the consequences of sexual-risk behaviours.
Sex education is a critical intervention to address these challenges. Comprehensive sex education encompasses human sexual anatomy, reproduction, contraception, emotional relationships, sexual and reproductive health, and procreative rights. Evidence indicates that such programs can delay sexual initiation, reduce risky sexual behaviours, increase the use of contraceptives and condoms, and improve understanding of sexual health [4],[5]. To be effective, sex education must provide scientifically accurate, age-appropriate information, discuss social norms and values, foster critical thinking, and equip adolescents with skills to make informed decisions. In many secondary schools, sex education is inadequately  taught, superficially integrated into other subjects, or entirely  omitted.  Teachers often lack adequate training,  instructional  materials, and  confidence  to  effectively  deliver sexuality-related  content. Consequently, many adolescents rely on peers, social media, and other  unsupervised  sources for  sexual information,  increasing  their  exposure  to misinformation  and  risky  sexual  behaviors (Okere et al., 2026).
Traditionally, sex education has been delivered through teacher-centered classroom lectures, school assemblies, or parental guidance. However, these approaches are often limited in effectiveness due to cultural stigmas, inadequate instructional resources, and restricted access to trained educators. In contrast, modern digital platforms, including social media and artificial intelligence (A.I)–based tools, provide innovative avenues for delivering sexual health education. Social media platforms such as Facebook, WhatsApp, Instagram, TikTok, and YouTube offer spaces for adolescents to interact, communicate, and access information across geographical barriers. Similarly, A.I tools, including ChatGPT, virtual assistants like Siri and Alexa, and recommendation engines, deliver personalized, interactive, and immediate learning experiences [6], [7], [8].
Digital platform–based education presents both opportunities and challenges for adolescent sexual health. On the positive side, it can enhance accessibility, engagement, and knowledge retention by providing interactive and relevant content. On the other hand, exposure to misinformation, unrealistic portrayals of sexual behaviour, cyberbullying, and inappropriate content can misguide adolescents, encourage sexualization, and increase risky sexual behaviours [9]. Therefore, effectively integrating digital platforms into sexual health education requires ensuring that content is evidence-based, age-appropriate, and delivered in a manner that promotes critical thinking and informed decision-making.
Given the widespread use of social media and A.I among adolescents and their potential as educational tools, exploring the impact of digital platform–based sex education on adolescents’ knowledge and perceptions of sexual-risk behaviour consequences is essential. Understanding these effects is critical for developing interventions that improve sexual health literacy, reduce risky sexual behaviours, and support healthy adolescent development in Owerri Municipal and similar urban contexts.Bottom of Form
[bookmark: _Hlk224468844]Materials and methods
This study employed a pretest-post-test quasi-experimental design. The study focused on adolescents aged 14 to 19 years enrolled in government-owned secondary schools in Owerri Municipal, Imo State, totaling 5,146 students. Schools were selected purposively to include those with sufficient student enrolment and access to digital platforms, ensuring that participants could engage effectively with the intervention. This design enabled the measurement of changes in knowledge and perception before and after exposure to digital platform–based sexual health education while allowing for comparison between groups.
Data Collection
[bookmark: _GoBack]Data were collected using a structured and pretested questionnaire, designed as a standardized survey instrument to ensure systematic and reliable data gathering. The questionnaire captured relevant information on adolescents’ knowledge and perception of sexual-risk behaviour consequences. The data collection process was facilitated by the researcher alongside two trained research assistants, who assisted in administering the questionnaire and ensuring consistency. Prior to administration, the purpose of the study was explained to the respondents, and written informed consent was obtained from each participant to ensure ethical compliance. Questionnaires were administered in a controlled environment to minimize distractions and enhance the accuracy of responses.
Data Analysis
Collected data were carefully cleaned, coded, and entered into the IBM Statistical Package for the Social Sciences (SPSS), version 23.0 for analysis. Raw scores were organized, and manual techniques were initially applied to compute frequency distributions and cumulative percentages. Both descriptive and inferential statistical methods were employed to analyze the data in line with the study objectives. Where statistically significant differences were observed among groups, Bonferroni post hoc multiple comparison tests were conducted to identify specific group differences. All statistical tests were carried out at a 5% level of significance (p < 0.05). The results were subsequently presented in tables and interpreted to reflect the effects of the digital platform–based sexual health intervention on adolescents’ knowledge and perceptions of sexual-risk behaviour consequences.
[bookmark: _Hlk224441807]



Results
Table 1: Socio-demographic Characteristics of the Study Participants
	Socio-demographic
Factors
	Traditional  Lecture
Method (TLM)
	WhatsApp
Method (WAM)
	AI (Meta AI/Chatgpt)
Method (AIM)
	Total
Method

	
	Freq
	%
	Freq
	%
	Freq
	%
	Freq
	%

	Age (years)
	
	
	
	
	
	
	
	

	14-15
	13
	15.3
	33
	38.8
	27
	31.8
	73
	28.6

	16-19
	72
	84.7
	52
	61.2
	58
	68.2
	182
	71.4

	Total
	85
	100
	85
	100
	85
	100
	255
	100

	Family Religion
	
	
	
	
	
	
	
	

	Christian
	81
	95.3
	82
	96.5
	84
	98.8
	247
	96.9

	Moslem
	3
	3.5
	0
	0.0
	1
	1.2
	4
	1.6

	Traditionalist
	1
	1.2
	0
	0.0
	0
	0.0
	1
	0.4

	Other
	0
	0.0
	3
	3.5
	0
	0.0
	3
	1.2

	Total
	85
	100
	85
	100
	85
	100
	255
	100

	Tribe
	
	
	
	
	
	
	
	

	Igbo
	78
	91.8
	83
	97.6
	83
	97.6
	244
	95.7

	Hausa
	1
	1.2
	0
	0.0
	1
	1.2
	2
	0.8

	Yoruba
	3
	3.5
	2
	2.4
	0
	0.
	5
	2.0

	Other
	3
	3.5
	0
	0.0
	1
	1.2
	4
	1.6

	Total
	85
	100
	85
	100
	85
	100
	255
	100

	Class of Study
	
	
	
	
	
	
	
	

	SS1
	19
	22.4
	17
	20.0
	27
	31.8
	63
	24.7

	SS2
	21
	24.7
	21
	24.7
	23
	27.1
	65
	25.5

	SS3
	45
	52.9
	47
	55.3
	35
	41.2
	127
	49.8

	Total 
	85
	100
	85
	100
	85
	100
	255
	100

	Family size
	
	
	
	
	
	
	
	

	1-2
	0
	0.0
	3
	3.5
	2
	2.4
	5
	2.0

	3-4
	25
	29.4
	13
	15.3
	23
	27.1
	61
	23.9

	5 and above
	60
	70.6
	69
	81.2
	60
	70.6
	189
	74.1

	Total
	85
	100
	85
	100
	85
	100
	255
	100


Table 1 Continued
	Socio-demographic
Factors
	Normal Lecture
Method
	WhatsApp
Method
	AI (Meta AI/Chatgpt)
Method
	Total
Method

	
	Freq
	%
	Freq
	%
	Freq
	%
	Freq
	%

	Mother's highest educational level
	
	
	
	
	
	
	
	

	No Formal education
	5
	5.9
	7
	8.2
	2
	2.4
	14
	5.5

	FSLC
	5
	5.9
	16
	18.8
	4
	4.7
	25
	9.8

	Secondary
	42
	49.4
	20
	23.5
	35
	41.2
	97
	38.0

	Tertiary
	33
	38.8
	42
	49.4
	44
	51.8
	119
	46.7

	Total
	85
	100
	85
	100
	85
	100
	255
	100

	Father's highest educational level
	
	
	
	
	
	
	
	

	No Formal education
	7
	8.2
	6
	7.1
	5
	5.9
	18
	7.1

	FSLC
	8
	9.4
	18
	21.2
	12
	14.1
	38
	14.9

	Secondary
	36
	42.4
	19
	22.4
	16
	18.8
	71
	27.8

	Tertiary
	34
	40.0
	42
	49.4
	52
	61.2
	128
	50.2

	Total
	85
	100
	85
	100
	85
	100
	255
	100

	Person Living with
	
	
	
	
	
	
	
	

	Parents
	46
	54.1
	62
	72.9
	51
	60.0
	159
	62.4

	Guardian
	36
	42.4
	12
	14.1
	32
	37.6
	80
	31.4

	Others
	3
	3.5
	11
	12.9
	2
	2.4
	16
	6.3

	Total
	85
	100
	85
	100
	85
	100
	255
	100

	Heard about sexual risk before
	
	
	
	
	
	
	
	

	Yes
	73
	85.9
	66
	77.6
	83
	97.6
	222
	87.1

	No
	12
	14.1
	19
	22.4
	2
	2.4
	33
	12.9

	Total
	85
	100
	85
	100.0
	85
	100
	255
	100



A total of 255 secondary school students participated in the pretest, with 85 (33.3%) each in the Traditional Lecture Method (TLM), WhatsApp Method (WAM), and Artificial Intelligence Method (AIM: Meta AI and ChatGPT) groups. The participants were aged 14–19 years with a mean age of 16.8 ± 1.65 years. Most respondents were Christians (96.9%, n=247) and predominantly of Igbo ethnicity (95.7%, n=244), reflecting the dominant socio-cultural characteristics of the study area in southeastern Nigeria. The majority of participants came from families of five or more members (74.1%, n=189), and most parents had at least secondary education, with 84.7% of mothers and 78.0% of fathers attaining this level. Additionally, 87.1% (n=222) of the students reported having previously heard about sexual risk, with the highest proportion observed in the AIM group (97.6%).
Table 2a:   Level of Knowledge of consequences of risky sexual behaviours
	Knowledge of consequences of risky sexual behaviours
	TLM
	WAM
	AIM

	
	Pretest (n=85)
	Posttest (n=85)
	Pretest (n=85)
	Posttest (n=85)
	Pretest (n=85)



	Posttest (n=85)

	
	Freq
	%
	Freq
	%
	Freq
	%
	Freq
	%
	Freq
	%


	Freq
	%

	Engaging in risky sexual behaviours are harmful
	
	
	
	
	
	
	
	
	

	Yes
	82
	96.5
	84
	98.8
	81
	95.3
	85
	100
	84
	98.8
	84
	98.8

	No
	3
	3.5
	0
	0.0
	4
	4.7
	0
	0.0
	1
	1.2
	1
	1.2

	Not sure
	0
	0.0
	1
	1.2
	
	
	
	
	
	
	
	

	Engaging in risky sexual behaviours can lead to sexually transmitted infections including AIDS/HIV
	
	
	
	

	Yes
	81
	95.3
	85
	100
	81
	95.3
	85
	100
	85
	100
	85
	100

	No
	4
	4.7
	0
	0.0
	4
	4.7
	0
	0.0
	0
	
	0
	

	Exposure to risky sexual behaviour can lead to teenage pregnancy
	
	
	
	
	
	
	

	Yes
	82
	96.5
	85
	100
	81
	95.3
	85
	100
	85
	100
	85
	100

	No
	3
	3.5
	0
	0.0
	3
	3.5
	0
	0.0
	
	
	
	

	Not sure
	-
	-
	-
	-
	1
	1.2
	0
	0.0
	
	
	
	

	Exposure to risky sexual behaviour can lead to damage of reproductive organs
	
	
	
	
	
	

	Yes
	44
	51.8
	77
	90.6
	56
	65.9
	85
	100
	36
	42.4
	77
	90.6

	No
	10
	11.8
	3
	3.5
	13
	15.3
	0
	0.0
	14
	16.5
	3
	3.5

	Not sure
	31
	36.5
	5
	5.9
	16
	18.8
	0
	0.0
	35
	41.2
	5
	5.9

	Exposure to risky sexual behaviours can lead to HPV, cervical cancer and even death
	
	
	
	
	

	Yes
	34
	40.0
	71
	83.5
	51
	60.0
	85
	100
	25
	29.4
	71
	83.5

	No
	11
	12.9
	4
	4.7
	19
	22.4
	0
	0.0
	24
	28.2
	4
	4.7

	Not sure
	40
	47.1
	10
	11.8
	15
	17.6
	0
	0.0
	36
	42.4
	10
	11.8

	Exposure to risky sexual behaviours can give rise to illegal abortion
	
	
	
	
	
	
	

	Yes
	73
	85.9
	85
	100
	67
	78.8
	85
	100
	78
	91.8
	85
	100

	No
	3
	 
	0
	0.0
	15
	17.6
	0
	0.0
	3
	3.5
	0
	0.0

	Not sure
	9
	10.6
	0
	0.0
	3
	3.5
	0
	0.0
	4
	4.7
	0
	0.0









Table 2a shows that at pretest, most students across the Traditional Lecture Method (TLM), WhatsApp Method (WAM), and Artificial Intelligence Method (AIM) groups already demonstrated high knowledge that risky sexual behaviours are harmful and can lead to sexually transmitted infections, including HIV/AIDS. However, knowledge was relatively low regarding other consequences such as damage to reproductive organs and risks related to HPV, cervical cancer, and death. After the interventions, knowledge improved markedly across all groups, with several items such as teenage pregnancy and illegal abortion reaching perfect knowledge (100%) at post-test.

Table 2b:  Differences in Average Knowledge of consequences of risky sexual behaviours at pretest and posttest
	
	Mean
	Std. Deviation
	Std. Error Mean
	Lower
	Upper
	
T
	
P

	TLM
	
	
	
	
	
	
	

	Pretest (n=85)
	2.6195
	.31674
	.03436
	
	
	
	

	Posttest (n=85)
	2.9236
	.15110
	.01639
	
	
	
	

	pretest - post
	-.30402
	.35562
	.03857
	-.38073
	-.22732
	7.882
	<0.0001

	WAM
	
	
	
	
	
	
	

	Pretest (n=85)
	2.7431
	.30705
	.03330
	
	
	
	

	Posttest (n=85)
	3.0000
	.00000
	.00000
	
	
	
	

	pretest - post
	-.25686
	.30705
	.03330
	-.32309
	-.19063
	7.712
	<0.0001

	AIM
	
	
	
	
	
	
	

	Pretest (n=85)
	2.6215
	.29147
	.03161
	
	
	
	

	Posttest (n=85)
	2.9236
	.15110
	.01639
	
	
	
	

	pretest - post
	-.30206
	.28119
	.03050
	-.36271
	-.24141
	9.904
	<0.0001



In table 2b, significant differences were found in mean knowledge  from pretest to posttest in the three study groups TLM (mean ± std. Dev= .30402 ± .35562; p <0.0001; 95% Conf. Int= 0.22732 to 0.38073); WAM (mean ± std. Dev= .25686 ± 0.30705; p <0.0001; 95% Conf. Int= 0.24141 to 0.32309); WAM (mean ± std. Dev= .30206 ± -0.28119; p <0.0001; 95% Conf. Int= 0.19063 to .36271). 

Table 2c: Summary Intervention Effect on Knowledge of consequences of risky sexual behaviours
	 Group
	Mean Difference 
	Std. Error
	p value
	95% Confidence Interval

	
	
	
	
	Lower 
	Upper 

	
	
	
	
	
	

	TLM vs WAM
	.0764*
	.01892
	0.000
	.0308
	.1220

	TLM  vs AIM
	.0000
	.01892
	1.000
	-.0456
	.0456

	WAM  vs AIM
	.0764*
	.01892
	0.000
	.0308
	.1220



Bonferroni test for multiple comparison in Table 2c indicates that significant difference was found between TLM and WAM, and also between WAM and AIM (p < 0.0001, 95% CI =.0308 to .1220.
Across the groups, figure 1 is a descriptive boxplot assessing difference between the three groups. Some differences are observable from the plots. For instance, the data for WAM seemed to be skewed upwards while that of AIM skewed downwards, 



Figure 1: Comparative Boxplots for post-test differences in the three study groups for knowledge on the consequences of sexual risk


Table 3a:  Pretest and Post-test Perceptions of consequences of sexual risk behaviours 
	
	
		TLM	
	WAM
	AIM

	
	ITEM
	Mean
	St.Dev
	Mean
	Mean
	St.Dev
	Mean

	
	PRETEST
	
	
	
	
	
	

	I
	Engaging in risky sexual behaviour is harmful
	4.612
	.579
	4.118
	.822
	4.482
	.590

	ii
	Engaging in risky sexual behaviours can lead to sexually transmitted diseases including HIV and genital herpes
	4.588
	.583
	4.271
	.585
	4.459
	.524

	iii
	Engaging in risky sexual behaviours can lead to unintended teenage pregnancies.
	4.471
	.717
	4.259
	.580
	4.376
	.511

	iv
	Exposure to risky sexual behaviours can lead to damage of reproductive organs.
	3.871
	1.033
	3.835
	1.033
	4.059
	1.016

	V
	Engaging in risky sexual behaviours can lead to cervical cancer, HPV and even death.
	3.906
	.895
	3.847
	.880
	3.765
	1.231

	vi
	Exposure to risky sexual behaviours can give rise to illegal abortions.
	4.212
	.638
	4.463
	.670
	4.341
	.589

	
	ANOVA Teat
	
	
	
	
	
	

	
	POSTTEST
	
	
	
	
	
	

	I
	Engaging in risky sexual behaviour is harmful
	4.753
	.434
	4.976
	.152
	4.976
	.152

	ii
	Engaging in risky sexual behaviours can lead to sexually transmitted diseases including HIV and genital herpes
	4.729
	.447
	4.976
	.152
	4.976
	.152

	iii
	Engaging in risky sexual behaviours can lead to unintended teenage pregnancies.
	4.694
	.464
	4.976
	.152
	4.976
	.152

	iv
	Exposure to risky sexual behaviours can lead to damage of reproductive organs.
	4.624
	.577
	4.529
	.569
	4.529
	.569

	V
	Engaging in risky sexual behaviours can lead to cervical cancer, HPV and even death.
	4.400
	.743
	4.706
	.484
	4.706
	.484

	vi
	Exposure to risky sexual behaviours can give rise to illegal abortions.
	4.859
	.350
	5.000
	.000
	4.859
	.350

	
	
	
	
	
	
	
	



The pretest and post-test perceptions of consequences of sexual risk behaviours among the study groups is presented in table 3a. It can be observed from the table that the average scores were quite high at both pretest and posttest score, with not less than 3-point scores (out of 5 points) obtained in each case. There were slight variations in the scores at pretest between the three study groups (TLM, WAM and AIM) were not quite wider. The score for responses that “Engaging in risky sexual behaviour is harmful” is quite high and similar for all the three groups (TLM = 4.612, WAM= 4.118 and AIM= 4.482). The scores were also high and similar in other items assessed at pretest. At post-test, the scores were relatively higher in the WAM group and the AIM group than in the TLM group in most of the items though with just slight margins (Figure 2).




Figure 2: Post-test Perception on consequences of risky sexual behaviours
Table 3b: Summary of effects of study Intervention on Perception of consequences of sexual risk behaviours

	
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Pretest
	Between Groups
	.070
	2
	.035
	.416
	.667

	
	Within Groups
	1.261
	15
	.084
	
	

	
	Total
	1.331
	17
	
	
	

	Posttest
	Between Groups
	.193
	2
	.097
	5.339
	.018

	
	Within Groups
	.271
	15
	.018
	
	

	
	Total
	.465
	17
	
	
	



Table 3b summarized the effects of the study intervention on perception of consequences of sexual risk behaviours among the study group. Clearly the table showed that there were no significant differences between the group mean scores at pretest but significant difference was achieved at posttest (p=0.018, F = 5.339), signaling positive intervention effects on the perception .

Table 3c: Bonferroni comparison test for differences between group effects on consequences of sexual risk behaviours
	Group compared
	Mean Difference
	Std. Error
	Sig.
	95% Confidence Interval

	
	
	
	
	Lower Bound
	Upper Bound

	TLM vs WAM
	.217333*
	.077666
	.041
	.00812
	.42655

	TLM vs AIM
	.222167*
	.077666
	.036
	.01295
	.43138

	WAM vs AIM
	.004833
	.077666
	1.000
	-.20438
	.21405



Table 3c shows that significant difference exist between TLM and WAM groups ( p=0.041, 96% CI = .00812, 0.42655) and between also between TLM group with  AIM group (p=0.036, 96% CI = 0.0129, 0.4318). there was no evidence of significance difference between the WAN group and the AIM group in this study.

Discussion
From the findings, all three educational methods: Traditional Lecture Method (TLM), WhatsApp Method (WAM), and Artificial Intelligent Method (AIM) significantly improved adolescents’ knowledge of the consequences of risky sexual behaviours. Baseline knowledge was high for widely publicized outcomes, particularly HIV/AIDS and teenage pregnancy (95.3–100%), reflecting decades of Nigerian HIV education [10, [11], whose longitudinal study reported consistent HIV/AIDS consequence awareness of over 90% among adolescents across cohorts since 2010. In contrast, baseline knowledge was low for less publicized consequences, including reproductive organ damage (TLM: 51.8%, WAM: 65.9%, AIM: 42.4%) and HPV/cervical cancer risks (TLM: 40.0%, WAM: 60.0%, AIM: 29.4%). This mirrors [12] findings in south-eastern Nigeria, where only 35% of secondary school students had heard of HPV, and even fewer understood its link to cervical cancer. Similarly, [13] reported approximately 14,943 new cervical cancer cases and 10,403 deaths annually in Nigeria, emphasizing the critical public health gap. The low HPV and cervical cancer knowledge reflect the traditional HIV-focused sexuality education’s failure to address broader STI consequences [14]. After the interventions, knowledge improved significantly in all groups: TLM (mean difference: 0.304±0.356, p<0.0001), WAM (0.257±0.307, p<0.0001), and AIM (0.302±0.281, p<0.0001). The WAM group achieved perfect scores (100%) in several domains, including reproductive organ damage and HPV-related risks, suggesting particular effectiveness for complex content. Bonferroni comparisons indicated significant differences between TLM and WAM (p<0.0001, 95% CI: 0.031–0.122) and WAM and AIM (p<0.0001, 95% CI: 0.031–0.122), but not between TLM and AIM (p=1.000). Supporting evidence from [15] in India showed that WhatsApp-based medical education led to 94% retention of detailed anatomical information compared to 78% in lecture-based groups (p<0.01), reinforcing WAM’s effectiveness for conveying complex sexual health consequences. Furthermore, [13] documented only 28–35% HPV awareness among adolescents in south-eastern Nigeria, while the present study raised post-intervention HPV knowledge to 83.5–100%. These results indicate that structured, targeted education can quickly bridge knowledge gaps, potentially supporting future HPV vaccination uptake and cervical cancer screening adherence [16]. Overall, the study confirms that comprehensive sexuality education, whether traditional, digital, or AI-mediated can significantly expand adolescents’ understanding of sexual risk consequences beyond HIV. This aligns with [17], who found that consequence knowledge is relatively easy to improve through structured programs, whereas behavior change often requires more sophisticated interventions.
Again, at baseline, students already showed moderately strong awareness of consequences of risky sexual behaviours (mean 3.765–4.612/5), likely reflecting Nigeria’s long-standing HIV/AIDS education efforts (NACA, 2020), though gaps existed for reproductive organ damage (3.835–4.059) and HPV/cervical cancer risks (3.765–3.906). After the intervention, perceptions improved across all groups, but technology-based approaches (WAM and AIM) achieved higher post-test scores than the Traditional Lecture Method (TLM). ANOVA showed no significant baseline difference (F=0.416, p=0.667) but significant post-test differences (F=5.339, p=0.018). Post-hoc Bonferroni analysis confirmed that WAM (MD=0.217, p=0.041, 95% CI: 0.008–0.427) and AIM (MD=0.222, p=0.036, 95% CI: 0.013–0.431) significantly outperformed TLM, while WAM and AIM showed no significant difference (MD=0.005, p=1.000, 95% CI: −0.204–0.214), indicating similar effectiveness. These results align with studies showing digital sexual-health education platforms improve adolescents’ understanding and engagement more than lecture-only approaches [18]. A systematic review across 34 studies in 18 Low- and Middle-Income Countries. reported that digital interventions increased perceived severity of STI and pregnancy risks by 28% compared with 12% in traditional education (p<0.001) [19]. However, effectiveness depends on design, cultural relevance, and implementation context [20], [21], suggesting technology works best when integrated with broader, culturally sensitive sexual-health education strategies.
Conclusion
Digital platform–based education significantly improved adolescents’ knowledge and perceptions regarding the consequences of sexual-risk behaviours in Owerri Municipal secondary schools. Although knowledge increased across all intervention groups, WhatsApp-based and AI-supported learning approaches demonstrated stronger improvements in perception and comparable gains in knowledge compared with traditional lectures. These findings highlight the potential of integrating digital platforms into adolescent sexual health education to strengthen awareness and promote informed decision-making.
Although the findings of this study demonstrate that digital platform–based education significantly improved adolescents’ knowledge and perception of sexual-risk behaviour consequences, the results should be interpreted in light of certain limitations. The quasi-experimental design and non-randomized sampling approach may have introduced some degree of selection bias, thereby limiting full causal inference. In addition, the study assessed outcomes over a relatively short period and did not evaluate long-term behavioural changes or retention of knowledge among participants. Despite these limitations, the study provides important evidence supporting the potential effectiveness of WhatsApp- and AI-supported educational interventions in adolescent health education within low-resource settings. Further longitudinal and randomized studies involving broader populations are recommended to validate and expand upon these findings.
Recommendations
1. Government and public health agencies should develop accurate and age-appropriate digital sexual health educational materials for adolescents.
2. Teachers should be trained to effectively use digital platforms to deliver sexual health education in schools.
3. Sexual health education programs should include information on HPV, cervical cancer, reproductive organ damage, and other consequences of risky sexual behaviours.
4. Ministries of Health and Education should support the integration of digital technologies into adolescent health education.
5. Further studies should examine the long-term behavioural effects of digital platform–based sexual health education among adolescents in Nigeria.
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