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Introduction

Worldwide, skin cancer rates have increased 
significantly over the last three decades (Yu et al., 2016). 
The etiology of skin cancer is strongly associated with 
skin type and ultraviolet (UV) radiation exposure [1]. In 
Canada, over 80,000 cases of skin cancer are diagnosed 
each year, and UV exposure is estimated to be linked 
to 80–90% of these cases [2]. Similarly, the highest 
overall incidence rates in Australia and New Zealand are 
attributed to excessive sun exposure and the predominantly 
fair-skinned population [3].

Understanding the natural history of skin cancer 
is fundamental to developing prevention and control 
strategies aimed at reducing the global burden. These 
strategies encompass health promotion, primary 
prevention, secondary prevention, and tertiary prevention 
approaches [4].

At the primary prevention level, UV radiation 
exposure represents the most common and modifiable 
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environmental risk factor for skin cancer. As such, it 
remains the main target of global prevention efforts. 
Secondary and tertiary prevention strategies emphasize 
the early detection of skin cancer, disease progression 
prevention, clinical monitoring, and educational and 
behavioral interventions [5]. Tertiary prevention in 
skin cancer focuses on minimizing disease recurrence, 
managing long-term complications, and enhancing 
survivors’ quality of life through continued surveillance, 
rehabilitation, and behavioral education. It includes 
regular dermatological follow-up, psychosocial support, 
and patient-centered education to promote ongoing sun 
protection and self-skin examination, thereby preventing 
secondary lesions and improving functional recovery [6]. 
Integrating all prevention strategies into public health 
programs ensures comprehensive cancer prevention and 
control by addressing not only prevention and treatment, 
but also survival and long-term behavior maintenance 
[7, 8].

The literature highlights that although educational 

Eastern Mediterranean University, 99628 Famagusta, North Cyprus, Turkiye. *For Correspondence: haticebebis@yahoo.com

Hatice Bebiş*, Züleyha Gül

Editorial Process: Submission:08/19/2025  Acceptance:05/12/2026  Published:05/20/2026      



Hatice Bebiş and Züleyha Gül

Asian Pacific Journal of Cancer Prevention, Vol 271726

programs have been shown to reduce sunburn incidence 
in the general population, such interventions remain 
limited. Furthermore, the general public’s awareness of 
the harmful effects of UVB exposure is often insufficient, 
with low levels of knowledge and attitudes toward skin 
cancer prevention [9]. For educational interventions to 
be effective in changing knowledge and behaviors, they 
must be designed to respect the values, preferences, 
and expressed needs of participants. Programs should 
be coordinated, integrated, and offer physical comfort, 
emotional support, and fear and anxiety reduction, with 
easily accessible and continuous content [10].

For many years, healthcare professionals have utilized 
online platforms available on social media for patient 
education, health promotion, public relations, and crisis 
communication [11]. Social media platforms include 
blogs, microblogging (e.g., Twitter), social networks 
(e.g., Facebook, WhatsApp, YouTube), and more. The key 
challenge for academics is to assess both the benefits and 
limitations of social media’s impact on health outcomes 
[12].

Despite the growing use of social media in health 
education, there remains a gap in evidence regarding the 
effectiveness of mobile-based and nurse-led interventions 
in improving knowledge and preventive behaviors related 
to skin cancer. Previous studies have primarily focused 
on traditional, face-to-face education or mass media 
campaigns, with limited evaluation of interactive, digitally 
delivered programs [13, 14]. Considering the increasing 
global prevalence of skin cancer and the accessibility of 
mobile platforms, there is a critical need to investigate 
whether nurse-led, WhatsApp-based interventions can 
effectively promote sun-safe behaviors and enhance health 
literacy [15, 16].

Although previous research has acknowledged the 
educational potential of mobile technologies, there 
remains a paucity of studies employing interactive, 
WhatsApp-based interventions within preventive nursing. 
Addressing this gap, the present study contributes to the 
growing field of digital health by integrating an accessible, 
community-oriented, and nurse-led model into preventive 
education. This approach not only advances the evidence 
base for mobile health interventions but also highlights the 
role of nurses as key facilitators in promoting behavioral 
change through digital platforms.

The Solomon four-group design was selected to 
control for potential pretest sensitization effects and to 
strengthen both internal and external validity. Recent 
studies have demonstrated that this design effectively 
isolates pretest effects and enhances generalizability by 
allowing comparisons across groups with and without 
pretests and controls [13, 17 , 18].

The aim of this study was to examine the effect of an 
interactive education program delivered via the WhatsApp 
platform on community-dwelling women’s skin cancer 
knowledge and sun protection behaviors using a Solomon 
four-group randomized controlled experimental design.

Materials and Methods

Study Design and Period
This study was conducted as a randomized controlled 

trial (RCT) based on the Solomon four-group design, 
between August 1 and November 1, 2024. The Solomon 
design was used to evaluate the effects of pretest 
sensitization and intervention interaction, allowing the 
comparison of both pre-tested and non-pre-tested groups 
[19-21].

Setting
The study was conducted on the island of Cyprus, 

located in the Mediterranean region. The island is 
characterized by frequent sun exposure throughout 
the year due to its climate, tourism, and agricultural 
activities, making it a relevant context for investigating 
sun protection behaviors.

Population and Sample
The population of the study consisted of women who 

met the inclusion criteria and volunteered to participate 
(N = 187). The sample size was determined using 
G*Power analysis with the following parameters: effect 
size (f) = 0.40, power (1-β) = 0.80, and α = 0.05. Based 
on these values, a minimum sample of 111 participants 
was required. Considering a potential attrition rate of 
10% due to reasons such as withdrawal, relocation, or 
communication issues, the final sample included 152 
community-dwelling women, equally distributed across 
four groups (n = 38 per group).

Sampling Procedure
Recruitment announcements were shared with the 

target population, and a total of 187 community-dwelling 
women registered for the study. However, 35 women 
were excluded due to issues such as incorrect WhatsApp 
numbers or being unavailable during the study period. 
The remaining 152 eligible participants were randomly 
assigned into four groups using a simple random sampling 
method via lottery:

• Group 1 (Experimental – Pretest/Posttest, n = 38)
• Group 2 (Control – Pretest/Posttest, n = 38)
• Group 3 (Experimental – Posttest only, n = 38)
• Group 4 (Control – Posttest only, n = 38)
Group equivalence was ensured based on demographic 

variables such as age, gender, skin type, and length of 
residence on the island.

Implementation of the Study
Data Collection Process

The data collection tools were transferred to Google 
Forms. The scales used in the study were administered as 
a pre-test to Group 1 and Group 2, and as a post-test to 
all groups at the end of the intervention. Completion of 
the form took approximately 15 minutes per participant.

Educational Intervention (12 Weeks – WhatsApp Group)
The training program titled “I Know Skin Cancer – I 

Protect Myself from the Sun” was delivered to Group 
1 (pre-tested, n=38) and Group 3 (non-pre-tested, 
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Data Collection Instruments
Skin Cancer Sociodemographic Data Form 

A 25-item questionnaire developed by the researchers 
based on the literature [22-24] was used to determine 
participants’ age, education level, marital status, skin 
color, skin cancer risk factors, sun exposure, and sun 
protection behaviors.

Skin Cancer and Sun Knowledge Scale (SCSKS)
This 25-item scale was developed by Day et al. 

[25] and the Turkish validity and reliability study was 
conducted by Haney et al. [26]. The SCSKS measures 
knowledge of sun protection (items 1, 16-22), tanning 
(items 2-12), skin cancer risk factors (items 13-14, 23), 
prevention of skin cancer (items 15, 24), and symptoms of 
skin cancer (item 25). It consists of 15 true/false questions 
and 10 open-ended questions. Scores range from 0 to 25.

Sun Protection Behavior Scale (SPBS)
Originally developed by Rossie et al. [27] and adapted 

to Turkish by Aygün and Ergün (2015), this scale includes 
eight items with three subscales: Sun Avoidance (items 1, 
2, 3), Use of Sunscreen Products (items 4, 5, 6), and Hat 
Wearing (items 7, 8). Scores range from 8 to 40 [27, 28].

Fitzpatrick Skin Type Scale
Developed by Dr. Thomas B. Fitzpatrick (1988), this 

scale classifies skin types into six categories (very fair, 
fair, medium, normal, dark, brown, very dark, etc.) based 
on skin reaction to sun exposure.

Data Analysis
The data were analyzed using the SPSS statistical 

software. Descriptive statistics, including frequency, 
percentage, mean, median, and standard deviation, were 
calculated. The distribution of the data was examined 
using the Kolmogorov–Smirnov test, which indicated that 
the data were not normally distributed. Therefore, non-
parametric tests were applied. The Wilcoxon Signed-Rank 
Test was used for within-group (pre–post) comparisons, 
while the Mann–Whitney U Test was employed for 
between-group comparisons. The Solomon four-group 
design further enabled a separate assessment of pretest and 
intervention effects. All analyses were conducted with a 
95% confidence interval, and statistical significance was 
set at p < 0.05.

Ethical considerations 
Research approval was obtained from the Scientific 

Research Evaluation Ethics Committee of Eastern 
Mediterranean University University under the number 
ETK00-2024-016. Scale permissions and participant 
consent were obtained in writing.

Limitation
The study is limited to community-dwelling women 

living on an island in the Mediterranean region, and 
therefore the findings may not be generalizable. Moreover, 
the sample included only Turkish-speaking women 
residing in the island context, which may restrict the 
cultural and linguistic representativeness of the results. In 

n=38) female participants via WhatsApp. To ensure 
data confidentiality, researchers obtained participants’ 
phone numbers with explicit consent and created a 
closed WhatsApp group through the control panel. 
Communication was limited to the researcher and each 
participant individually, preventing participants from 
accessing or contacting one another. All digital data were 
stored securely and used solely for research purposes.To 
protect participants’ privacy, avatars were used instead of 
real profile photos. Participants interacted using various 
emojis (such as like, surprise, congratulations, fear, etc.) 
and clarified unclear topics through question–answer 
exchanges with the researcher. Weekly progress was 
monitored through short quizzes and QuoAD games.

Development of the Educational Program
The program was structured based on primary, 

secondary, and tertiary prevention levels. Its content was 
evaluated by an expert panel consisting of two public 
health nurses, one internal medicine nurse, a Turkish 
language teacher, and an online content specialist. The 
panel reviewed the conceptual framework and structural 
coherence of the messages. Consensus was achieved 
regarding visual materials, color harmony, font type and 
size, message order, word count, and attention-grabbing 
quality. In addition, the content was pilot-tested with 10 
women with similar sociodemographic characteristics to 
the target population. Minor revisions were made based 
on their feedback to improve clarity.

Implementation of the Educational Program
The researcher sent two messages per day one in the 

morning and one in the evening every day of the week, 
totaling 180 messages over 12 weeks. Morning messages 
included daily weather forecasts (temperature, humidity, 
sea temperature) and UV index levels, accompanied by 
motivational slogans. Evening messages were designed to 
promote knowledge acquisition and behavior change (e.g., 
sun protection behaviors, early detection and treatment 
of skin cancer).

Control Groups (Group 2 – Pre-tested, Group 4 – Non-
pre-tested)

No direct intervention was applied to the control 
groups. These participants were passively exposed 
to information through national and local media (TV, 
internet, etc.), including content related to weather, heat, 
and the harms of UV rays. Group 2 received both pre- and 
post-tests, while Group 4 received only a post-test.

Inclusion and Exclusion Criteria
Community-dwelling women omen who volunteered 

to participate, could read and understand Turkish, self-
assessed their skin type as Fitzpatrick scale type 4 or 
below, and were able to use the WhatsApp application on 
their smartphones were included in the study. Women who 
had lived on the island for less than one year or who were 
present on the island for vacation purposes were excluded.



Hatice Bebiş and Züleyha Gül

Asian Pacific Journal of Cancer Prevention, Vol 271728

addition, the data were collected through self-reporting, 
which may be subject to social desirability bias. The lack 
of long-term follow-up does not provide information 
about the sustainability of the training.

Results

Among the participants in Group 1 (intervention 
applied, pre-post test), 63.2% had been living on the island 
for more than 10 years, with a mean age of 24.26±5.77. 
Of these, 89.5% had university-level education or higher, 
86.8% were single, and none reported a family history of 
skin cancer.

In Group 3 (intervention applied, post-test only), 
65.8% had been living on the island for 10 years or more, 
the mean age was 27.44±11.21, 52.6% had completed 
university or higher education, and 3.6% reported a distant 
family history of skin cancer.

In Group 2 (no intervention, pre-post test), 47.4% 
had lived in Cyprus for 1 to 4 years, the mean age was 
22.05±3.92, all had university-level education, 94.7% 
were single, and 5.3% reported a family history of skin 
cancer.

Among participants in Group 4 (no intervention, 
post-test only), 73.7% had been living on the island for 
10 years or more, the mean age was 29.26±10.07, 71.1% 
had university-level education, 60.5% were single, and 
3.6% reported a family history of skin cancer (Table 1). 

As shown in Table 2, among participants in Group 
1, 60.5% reported not being exposed to the sun, and 

50.0% always used sunglasses. Among those who used 
sunglasses, 60.5% stated their glasses had UV protection. 
Additionally, 36.8% reported sun exposure due to work-
related reasons. A significant majority (89.5%) did not 
perform regular skin checks, and 71.1% stated they would 
not notice changes in their moles. About 65.8% reported 
sun exposure for 1–2 hours, and 70.3% had experienced 
sunburn due to sun exposure. Among those who had 
sunburn, 20.2% reported the burn occurred on their face. 
Moreover, 55.3% reported no sunburn incidents in a 
typical year. Regarding the severity of sunburns, 68.4% 
identified first-degree burns as the most severe type they 
had experienced, and 19.0% reported managing sunburn 
with cold water or cold compresses (Table 2).

To examine the interaction between measurement 
and intervention based on the Solomon four-group 
experimental design, a 2x2 factorial model was 
constructed and analyzed using the Kruskal-Wallis H 
test (Figure 1).

As shown in Table 3, the mean scores of the Skin 
Cancer and Sun Knowledge Scale were similar in 
Intervention Group 1 (21.89±2.22) and Intervention 
Group 2 (21.71±1.16), while the scores were also similar 
between Control Group 1 (11.10±1.97) and Control Group 
2 (12.00±1.97) (χ² = 114.50, p < .001). A significant 
difference was also found in the total scores of the Sun 
Protection Behavior Scale (χ² = 85.75, p < .001), with 
mean scores of 35.94±2.53 for Intervention Group 1, 
35.63±1.60 for Intervention Group 2, 27.97±4.53 for 
Control Group 1, and 27.31±5.72 for Control Group 2 

Variables Experimental Group-1 Experimental Group -2 Control-1 Control-2
(n) (%) (n) (%) (n) (%) (n) (%)

Age: Mean±Sd, min,max
Group 1 (Experimental + Pretest): 24.26 ± 5.77 — Median: 22.00 — Min: 20.00 — Max: 47.00
Group 2 (Control + Pretest): 22.05 ± 3.92 — Median: 21.00 — Min: 19.00 — Max: 38.00
Group 3 (Experimental): 27.44 ± 11.21 — Median: 22.00 — Min: 16.00 — Max: 56.00
Group 4 (Control): 29.26 ± 10.07 — Median: 25.00 — Min: 16.00 — Max: 53.00
Time spent living on the island
     <1 year less --- --- --- --- 3 7.9 2 5.3
     1-4  years 13 34.2 9 23.7 18 47.4 6 15.8
     5-9 years 1 2.6 4 10.5 2 5.3 2 5.3
     <10  years more 24 63.2 25 65.8 15 39.5 28 73.7
Education Status
     Primary School --- --- 3 7.9 --- --- 5 13.2
     High School 4 10.5 15 39.5 --- --- 6 15.8
     Universty 34 89.5 20 52.6 38 100 27 71.1
Marital Status 
     Maried 4 10.5 9 23.7 1 2.6 15 39.5
     Single 33 86.8 28 73.7 36 94.7 23 60.5
     I don’t want to say 1 2.6 1 2.6 1 2.6 --- ---
Family Skin Cancer History
     Yes --- --- 1 2.6 2 5.3 1 2.6
     No 38 100 37 97.4 36 94.7 37 97.4

Table 1. Socio-Demographic Characteristics of Participants
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Variables Experimental-1 Experimental -2 Control--1 Control--2
(n)  (%) (n) (%) (n)  (%) (n)  (%)

Sun Exposure
     Yes 15 39.5 13 34.2 19 50 15 39.5
     No 23 60.5 25 65.8 19 50 23 60.5
UV-protected sunglasses
     Yes 23 60.5 21 55.3 24 63.2 21 55.3
     No 12 31.6 8 21.1 7 18.4 6 15.8
     I dont use 3 7.9 9 23.7 7 18.4 11 28.9
Sun Exposure Due to Work
     Yes 14 26.8 11 28.9 26 68.5 9 23.7
     No 24 63.2 27 71.1 12 31.6 29 76.3
Self-Regular Skin Examination
     Yes 4 10.5 5 13.2 6 15.8 5 13.2
     No 34 89.5 33 86.8 32 84.2 33 86.8
Noticing Changes in Moles
     Yes 27 71.1 26 68.4 19 50 17 44.7
     No 8 21.1 7 18.4 13 34.2 10 26.3
     I haven’t 3 7.9 5 13.2 6 15.8 11 28.9
Sun Exposure Period
     1-2 hours 25 65.8 21 55.3 20 52.6 27 71.1
     3-4 hours 10 26.3 12 31.6 14 36.8 10 26.3
     <5 hours 3 7.9 5 13.2 4 10.5 1 2.6
Sun Exposure and Sunburn
     Yes 26 70.3 23 60.5 22 57.9 22 57.9
     No 11 29.7 15 39.5 16 42.1 16 42.1
Sunburned Body Part (n:94/78/77/83)*
     Back 14 14.9 13 16.7 10 13 12 14.5
     Shoulders 17 18.1 17 21.8 13 16.9 11 13.3
     Arms 18 19.1 13 16.7 15 19.5 23 27.7
     Hands 6 6.4 3 3.8 6 7.8 4 4.8
     Neck 6 6.4 6 7.7 6 7.8 6 7.2
     Feet 4 4.3 2 2.6 2 2.6 4 4.8
     Face 19 20.2 13 16.7 16 20.8 15 18.1
Skin Color
     Very Light 1 2.6 6 15.8 2 5.3 2 5.3
     Light 9 23 7 18.4 10 26.3 4 10.5
    Normal 24 63.2 21 55.3 22 57.9 29 76.3
     Light Brown 4 10.5 4 10.5 4 10.5 3 7.9

Table 2. Distribution of Participants’ Practices Regarding Sun Protection Behaviors

(Table 3).
In the subdimensions: Sun Avoidance: Intervention 

Group 1 (13.21±1.25), Intervention Group 2 (12.94±0.83), 
Control Group 1 (12.00±1.97), Control Group 2 
(11.44±2.18) – significant difference (χ² = 21.26, p < .001).
Use of Sunscreen: Intervention Group 1 (13.71±1.20), 
Intervention Group 2 (13.36±1.05), Control Group 1 
(12.07±3.19), Control Group 2 (11.42±2.94) – significant 
difference (χ² = 18.46, p < .001). Use of Hat and Sunglasses: 
Intervention Group 1 (13.71±1.20), Intervention Group 2 

(13.36±1.05), Control Group 1 (12.07±3.19), Control 
Group 2 (11.42±2.94) – significant difference (χ² = 30.91, 
p < .001).These findings indicate that both Intervention 
Groups (with and without pretest) achieved similar 
scores in knowledge and behavior, suggesting that the 
pretest did not influence the outcomes. Additionally, both 
control groups also showed similar, significantly lower 
scores compared to the intervention groups. Thus, the 
effectiveness of the training intervention is confirmed, 
while the pretest effect appears to be negligible (p > .05).

Statistic Test: The Kruskal–Wallis test (non-parametric ANOVA) was used to assess the 2×2 factorial model in the Solomon four-group design. No 
significant difference was found among posttest scores (p > 0.05).
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Significant increases were observed across all scales 
and subscales following the intervention in Experimental 
Group 1. The mean score on the Skin Cancer and Sun 
Knowledge Scale increased from 10.13 (±2.17) to 21.89 
(±2.22), indicating a statistically significant improvement 
(Z = 5.358; p < .001). Similarly, the total score on 
the Sun Protection Behavior Scale rose from 28.00 
(±4.15) to 35.94 (±2.53) (Z = 5.115; p < .001). Subscale 
improvements were also significant: Sun Avoidance (Z = 
2.838; p = .005), Sunscreen Use (Z = 3.070; p = .002), and 
Hat Use (Z = 3.158; p = .002). These results demonstrate 
that the intervention effectively enhanced both knowledge 
and protective behaviors.

Post-test comparisons between Experimental Group 
1 (pre-test + intervention) and Control Group 1 (pre-test 
only) revealed significant differences across all measures: 
Knowledge (U = 2.50; p < 0.001), Behavior (U = 57.5; p 
< 0.001), Sun Avoidance (U = 46.5; p < 0.001), Sunscreen 
Use (U = 51.75; p = 0.029), and Hat Use (U = 37.5; 
p = 0.006). These findings confirm the effectiveness of 
the intervention over the control condition.

To assess the potential influence of pretesting, scores 
were compared between Experimental Group 1 and 
Control Group 2 (post-test only). Experimental Group 
1 demonstrated significantly higher scores across all 
dimensions: Knowledge (Z = 5.835; p < .001), Behavior 
(Z = 5.630; p < .001), Sun Avoidance (Z = 2.60; p < .05), 
Sunscreen Use (Z = 2.02; p < .05), and Hat Use (Z = 5.630; 
p < .001). These results suggest that the pretest did not 
confound the intervention’s effects.

Comparison between Experimental Group 1 
(pre-test + intervention) and Experimental Group 2 

(intervention only) showed no statistically significant 
differences in post-test scores: Knowledge (U = 1.50; 
p < 0.001), Behavior (U = 14.25; p < 0.001), Sun 
Avoidance (U = 37.85), Sunscreen Use (U = 34.85), and 
Hat Use (U = 14.20; all p < 0.001). These findings support 
the conclusion that the pretest did not influence outcomes 
and that the intervention itself was the key factor in the 
observed improvements.

Significant differences favoring the intervention group 
were found when comparing Experimental Group 2 and 
Control Group 2, both of which did not receive pretesting: 
Knowledge (Z = 1.02; p < 0.001), Behavior (U = 13.70; 
p < 0.001), Sun Avoidance (U = 38.0), Sunscreen Use (U 
= 39.7), and Hat Use (U = 12.66; all p < 0.001). These 
findings clearly show that the intervention was effective 
even in the absence of a pretest.

When comparing Experimental Group 2 (intervention 
only) with Control Group 1 (pretest only), significant 
differences were found in favor of the experimental 
group for Knowledge (Z = -5.38; p < 0.001), Behavior 
(Z = -5.30; p < 0.001), Sun Avoidance (Z = -2.00; p = 
0.045), Sunscreen Use (Z = -2.02; p = 0.043), and Hat 
Use (Z = -5.30; p < 0.001), indicating the intervention’s 
effectiveness was not influenced by pretest exposure.

To evaluate the standalone effect of the pretest, Control 
Group 1 (with pretest) was compared to Control Group 2 
(no pretest). No statistically significant differences were 
found in Knowledge and Sun Protection Behavior scores 
or subscales (p > 0.05), suggesting that the pretest did not 
independently affect post-test outcomes.

The pre- and post-test comparison within Control 
Group 1 yielded no significant changes, further indicating 

Scales Groups (Post Test) n Ort. Ss Med S.O. Test
Skin Cancer and Sun Information Scale Experimental-1 38 21.89 2.22 22.5 117.17 X2: 114.50

Control-1 38 11.1 2.49 11 41.32 p: .000
Experimental 2 38 21.71 1.16 22 111.75 p<0.05
Control-2 38 10.63 2.29 11 35.76

Sun Protection Behavior Scale (Total) Experimental-1 38 35.94 2.53 35 109.67 X2: 85.75
Control-1 38 27.97 4.69 29 43.61 p:0.000
Experimental- 2 38 35.63 1.6 36 109.28 p<0.05
Control- 2 38 27.31 5.72 26.5 43.45

Sun Avoidance Subscale Experimental-1 38 13.21 1.25 13 93.88 X2: 21.26
Control- 1 38 12 1.97 12 66.26 p: 0.000
Experimental-2 38 12.94 0.83 13 90.09 p<0.05
Control- 2 38 11.44 2.18 12 55.76

Sunscreen Use Experimental-1 38 13.71 1.2 14 94.92 X2: 18.46
Sub Scale Control-1 38 12.07 3.19 12.5 71.13 p:0.000

Experimental- 2 38 13.36 1.05 13 85.03 p<0.05
Control-2 38 11.42 2.94 12 54.92

Hat Usage Subscale Experimental-1 38 9.02 0.94 9v00 106.28 X2: 92.51
Control-1 38 3.89 2.07 4 38.84 p: 0.000
Experimental-2 38 9.31 0.96 10 113.7 p<0.05
Control-2 38 4.44 2.74 3 47.18

Table 3. Analysis of Posttest Scale Scores According to the Solomon Four-Group Design

Statistic Test: The Kruskal–Wallis test (non-parametric ANOVA) was used to assess the 2×2 factorial model in the Solomon four-group design. 
No significant difference was found among posttest scores (p > 0.05).
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that the pretest alone did not influence behavior or 
knowledge scores. Therefore, it can be inferred that 
observed improvements in the experimental groups are 
attributable to the intervention rather than to the testing 
procedure.

Discussion

In this study, the effectiveness of a 12-week interactive 
educational intervention delivered via WhatsApp on skin 
cancer knowledge and sun protection behaviors among 
community-dwelling women was evaluated using the 
Solomon Four-Group Experimental Design. The primary 
advantage of the Solomon model is its ability to isolate the 
effects of the intervention from the effects of pretesting, 
thereby enabling more precise comparisons [29]. This 
model is a robust experimental design that enhances both 
internal and external validity. Overall, the findings indicate 
that mobile health-based educational interventions can 

effectively support preventive healthcare practices across 
primary, secondary, and tertiary levels.

At the end of the intervention, the Skin Cancer 
and Sun Knowledge Scale (SCSKS) scores in the 
intervention groups (Experiment-1 and Experiment-2) 
were approximately twice as high (≈21.7–21.8) as those in 
the control groups (Control-1 and Control-2; ≈10.6–11.1) 
(p < 0.05). Within-group comparisons revealed a twofold 
increase in the experimental groups, while no significant 
change was observed in the controls.  The comparison 
between Experiment Group 2 (post-test only) and 
Control Group 2 (post-test only) also confirmed that the 
effect was independent of pretesting (p < 0.001). These 
consistent results demonstrate that the educational content 
itself significantly improved knowledge, independent of 
any testing effect. Moreover, no statistically significant 
difference was observed between Experiment Group 1 
and Experiment Group 2 in post-test scores (p > 0.05), 
confirming that the intervention’s effect was independent 

Figure 1. CONSORT Scheme for SOLOMON Four Groups
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of pretesting. Although some studies suggest that pretesting 
enhances awareness [30], this was not supported here. 
These results highlight the effectiveness of interactive 
WhatsApp education in increasing knowledge, consistent 
with earlier findings emphasizing the usefulness of digital 
health platforms [23, 24]. The real-time interaction and 
contextual relevance of the content (e.g., UV risk alerts 
during summer months) may have strengthened learning 
outcomes [10].

This finding aligns with previous studies highlighting 
the utility of digital platforms in health education [23, 24]. 
Mobile technologies, particularly messaging applications, 
eliminate temporal and spatial barriers, making health 
education more accessible and continuous. The quality of 
the educational content, its delivery method, and duration 
must be considered primary factors in its effectiveness. 
Real-time interaction in WhatsApp groups and contextual 
relevance during summer months such as incorporating 
daily temperature and UV risk may have enhanced the 
program’s impact [10].

Findings related to sun protection behaviors support 
Hypothesis H02, revealing significant improvements in 
the intervention groups. The Sun Protection Behavior 
Scale (SPBS) scores were significantly higher in the 
intervention groups (≈35.6–35.9) compared to the control 
groups (≈27.3–27.9) (p < 0.05). Participants reported 
more frequent sunscreen use, wearing of hats and 
sunglasses, and avoidance of peak sun hours. Although 
photoprotection strategies such as seeking shade and 
wearing protective clothing were more common in the 
intervention groups, the island’s climate and outdoor 
lifestyle may have limited full adoption [2].

Participants reported increased use of hats, sunscreen, 
and avoidance of sun exposure during peak hours. 
Although photoprotection strategies such as seeking shade 
and wearing protective clothing were more frequent in the 
intervention groups, the sunny island setting may have 
posed limitations on the full implementation of these 
behaviors in daily routines [2]. While some concerns 
have been raised regarding the endocrine-disrupting 
potential of commercial sunscreens [31, 32], the protective 
benefits of high-SPF sunscreens against melanoma and 
other skin cancers are well established. The significantly 
higher sunscreen use in the intervention groups (p < 0.05) 
underscores this. Mechanical protection such as the use 
of hats, sunglasses, and light-colored clothing to shield 
high-exposure areas like the head, ears, and nose was 
approximately twice as common in the experimental 
groups compared to the controls (p < .05), demonstrating 
the effectiveness of physical protection strategies [9].

These results are consistent with Altun’s (2019) 
findings [22], which also indicated the positive impact 
of educational interventions on sun protection behaviors. 
Moreover, the findings are in line with the Health Belief 
Model (Rosenstock) [33], which posits that individuals 
are more likely to adopt protective behaviors when they 
perceive themselves at risk and believe in the efficacy of 
preventive actions.

Despite the positive results, it is important to note that 
although WhatsApp-based education offers advantages in 
terms of accessibility, it may limit personalized feedback 

typically provided in face-to-face interactions. Future 
studies could explore the effectiveness of hybrid models 
that combine mobile education with in-person counseling. 
Additionally, the sustainability of behavior change over 
time remains uncertain, as this study focused on short-term 
outcomes. Long-term follow-up studies are needed to 
assess the retention of knowledge and behaviors. Variables 
such as participants’ health literacy, digital competence, 
and prior exposure to health campaigns may have also 
influenced the outcomes and should be explored in future 
research.

In line with the first hypothesis, the interactive 
education provided to the experimental group significantly 
increased participants’ knowledge levels. This finding 
aligns with existing literature highlighting the effectiveness 
of educational interventions aimed at enhancing digital 
health literacy [34, 35]. In particular, structured and 
interactive training materials have been shown to attract 
participants’ attention and enhance the retention of 
learning [36].

Regarding the second hypothesis, a significant 
improvement in sun protection behaviors was observed 
only in the experimental group, while no such change 
was detected in the control group. This result indicates 
that the increase in knowledge translated into behavioral 
change. Similarly, Erdem et al. [37] reported that programs 
supported by both face-to-face and online training 
positively influenced individuals’ health behaviors.

The third and fourth hypotheses revealed that the 
pretest alone did not significantly affect knowledge or 
behavior. This finding supports the internal validity of 
the study and suggests that the observed effects can 
primarily be attributed to the implemented intervention. 
This strength of the Solomon four-group design lies in its 
ability to control for potential pretest effects [30].

Previous research has emphasized the effectiveness of 
widely used communication platforms, such as WhatsApp, 
in health education [37]. In this study, the interactive 
training conducted via WhatsApp also offered notable 
advantages in terms of accessibility, ease of participation, 
and sustainability. Additionally, it allowed participants to 
learn at their own pace and at times convenient to them.

The Solomon four-group design employed in this study 
minimized the potential confounding effect of pretesting, 
and results indicated that pretests had no significant impact 
on either knowledge or behavior (p < .05). Hypothesis H₀₄ 
compared Experiment Group 1 (pretest + intervention) 
with Control Group 2 (post-test only) and found significant 
differences in favor of the experimental group, indicating 
that the intervention effect was not undermined by 
pretesting. This suggests the intervention had a robust 
impact, despite the theoretical risk of pretest-intervention 
interaction outlined by Campbell and Stanley (1963).

Similarly, Hypothesis H₀₃ revealed no significant 
difference between Experiment Group 1 and Experiment 
Group 2 (intervention without pretest), confirming that 
the educational content was the main determinant of 
change, regardless of pre-existing awareness. These 
findings align with literature supporting the effectiveness 
of digital education interventions [38, 39]. In Hypothesis 
H₀₆, a comparison between Experiment Group 2 and 
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Control Group 2 (both post-test only) revealed significant 
differences in favor of the intervention, reinforcing that 
well-designed educational programs can effectively 
improve knowledge and behavior even in the absence of 
pretesting [20]. This enhances the external validity of the 
study and highlights the direct impact of the intervention.

In Hypothesis H₀₅, the comparison between Experiment 
Group 2 (intervention only) and Control Group 1 (pretest 
only) demonstrated significant differences in favor of 
the intervention. This confirms that pretesting alone 
is insufficient to elicit change, and active educational 
engagement is essential. This supports prior studies 
emphasizing that measuring knowledge is not enough 
to influence it; structured educational interventions are 
necessary [40].

Finally, Hypotheses H₀₇ and H₀₈, which aimed to 
assess the effect of pretesting alone, showed no significant 
within-group or between-group differences between 
Control Group 1 (pretested) and Control Group 2 (not 
pretested), suggesting that pretesting did not influence 
the outcomes. This indicates that pretesting alone was not 
a cue for increased awareness and did not pose a threat 
to the study’s internal validity [41, 42]. Analyses using 
the Solomon design confirmed that pretesting had no 
significant effect on knowledge or behavior, and that the 
intervention had an independent and strong effect [21]. 
While some literature proposes that pretests can enhance 
awareness, this study demonstrates that such an effect is 
not universally present. The reliability of the Solomon 
design as an evaluation method is supported by similar 
findings in other studies [35].

This study demonstrated that a WhatsApp-based, 
nurse-led educational intervention targeting women over 
18 in community settings was effective in enhancing both 
skin cancer knowledge and sun protection behaviors. The 
12-week program, enriched with daily reminders and 
interactive content during the summer high-risk period, 
led to significant improvements in participants’ awareness 
and preventive practices. Using the Solomon four-group 
randomized design, the study provided robust evidence 
that the intervention itself rather than pretesting accounted 
for the observed effects, confirming the independent 
effectiveness of mobile-based preventive education.

Digital health education programs such as this can 
serve as effective tools for health professionals, especially 
nurses, in delivering community-based preventive health 
services across all levels (primary, secondary, tertiary). 
Even in the absence of pretesting, such interventions 
have the potential to initiate changes in knowledge and 
behavior. Therefore, similar digital education programs 
can be adapted for other health topics and disseminated 
more widely.

Author Contribution Statement

All authors contributed equally in this study.

Acknowledgements

The authors would like to sincerely thank all 
participants for their valuable time and contributions 

to this study. Their involvement was essential for the 
successful completion of the research.

References

1. Kvaskoff M, Pandeya N, Green AC, Perry S, Baxter C, Davis 
MB, et al. Solar elastosis and cutaneous melanoma: A 
site-specific analysis. Int J Cancer. 2015;136(12):2900-11. 
https://doi.org/10.1002/ijc.29335.

2. Sander M, Sander M, Burbidge T, Beecker J. The efficacy and 
safety of sunscreen use for the prevention of skin cancer. 
Cmaj. 2020;192(50):E1802-e8. https://doi.org/10.1503/
cmaj.201085.

3. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram 
I, Jemal A, et al. Global cancer statistics 2020: Globocan 
estimates of incidence and mortality worldwide for 36 
cancers in 185 countries. CA Cancer J Clin. 2021;71(3):209-
49. https://doi.org/10.3322/caac.21660.

4. Perez M, Abisaad JA, Rojas KD, Marchetti MA, Jaimes N. 
Skin cancer: Primary, secondary, and tertiary prevention. 
Part i. J Am Acad Dermatol. 2022;87(2):255-68. https://doi.
org/10.1016/j.jaad.2021.12.066.

5. Rojas KD, Perez ME, Marchetti MA, Nichols AJ, Penedo 
FJ, Jaimes N. Skin cancer: Primary, secondary, and tertiary 
prevention. Part ii. J Am Acad Dermatol. 2022;87(2):271-88. 
https://doi.org/10.1016/j.jaad.2022.01.053.

6. Bray F, Laversanne M, Weiderpass E, Soerjomataram I. The 
ever-increasing importance of cancer as a leading cause of 
premature death worldwide. Cancer. 2021;127(16):3029-30. 
https://doi.org/10.1002/cncr.33587

7. World Health Organization. Global breast cancer initiative 
implementation framework: assessing, strengthening 
and scaling-up of services for the early detection and 
management of breast cancer. World Health Organization; 
2023 Mar 7.

8. Guy GP, Jr., Thomas CC, Thompson T, Watson M, Massetti 
GM, Richardson LC. Vital signs: Melanoma incidence and 
mortality trends and projections - united states, 1982-2030. 
MMWR Morb Mortal Wkly Rep. 2015;64(21):591-6. 

9. Stephens PM, Martin B, Ghafari G, Luong J, Nahar VK, 
Pham L, et al. Skin cancer knowledge, attitudes, and 
practices among chinese population: A narrative review. 
Dermatol Res Pract. 2018;2018:1965674. https://doi.
org/10.1155/2018/1965674.

10. Bornkessel A, Furberg R, Lefebvre RC. Social media: 
Opportunities for quality improvement and lessons 
for providers-a networked model for patient-centered 
care through digital engagement. Curr Cardiol Rep. 
2014;16(7):504. https://doi.org/10.1007/s11886-014-0504-
5.

11. Sadur A, Nasseri M, McCormick ET, Friedman A. Skin 
tone representation on patient-facing skin cancer education 
websites. J Drugs Dermatol. 2024;23(5):e137-e8. https://
doi.org/10.36849/jdd.7905.

12. Househ M, Borycki E, Kushniruk A. Empowering patients 
through social media: The benefits and challenges. 
Health Informatics J. 2014;20(1):50-8. https://doi.
org/10.1177/1460458213476969.

13.  Chung S, Zhu S, Lin L. Assessing intervention effects 
using a Solomon four-group design: Methodological 
applications in health education research. Journal of Nursing 
Measurement.2021;29(2):215–23.

14. Erfani SS, Abedin B, Blount Y. The effect of social media-
based health education on behavior change: A meta-analysis. 
Health Education Research. 2022;37(1):15–28.

15. Kemp E, Bui M, Chapa S. Enhancing preventive health 
behaviors through mobile health interventions. Patient 



Hatice Bebiş and Züleyha Gül

Asian Pacific Journal of Cancer Prevention, Vol 271734

Education and Counseling. 2020;103(6):1107–14.
16. Mendoza JA, Papadopoulos NG, Wong G. WhatsApp-

based health promotion: A review of effectiveness 
and implementation challenges. BMC Public Health. 
2023;23(1):1154.

17. Nimon k. Testing the effectiveness of transfer interventions 
using solomon four-group designs. Educ sci. 2020;10(4):92. 
https://doi.org/10.3390/educsci10040092. 

18.  Salkind NJ. Encyclopedia of research design. Thousand 
oaks (ca): Sage publications; 2018. 

19. Lorenzo-Seva U. Solomon: A method for splitting a sample 
into equivalent subsamples in factor analysis. Behavior 
Research Methods. 2022;54(6):2665-77. https://doi.
org/10.3758/s13428-021-01750-y

20. Zorlu F, Zorlu Y. A thematic analysis of studies conducted 
using Solomon experimental design in education. Kastamonu 
Education Journal. 2019;27(4):1623–36. https://doi.
org/10.24106/kefdergi.3185

21. Özdemir A, Ünal E. Effect of simulation and pretest 
application on learning in inhaler drug training of nursing 
students: Solomon experimental design. Int J Caring Sci. 
2023;16(2):820–8. 

22. Altun T. Determination of nursing students’ knowledge on 
skin cancer and sun protection (Master’s thesis, Eastern 
Mediterranean University). 2019.

23. Tezel KA, Baran AFN, Uğraş DA, Büyükdemir E, Güven 
AE. The level of knowledge about sun rays and skin cancer 
and protection from sun rays of persons aged over 15 years 
who applied to some family health centers in Ankara. 
Journal of Celal Bayar University Health Sciences Institute. 
2018;5(3):138–44.

24. De Castro-Maqueda G, Lagares Franco C, Gutiérrez-
Manzanedo JV, Gobba F, Blázquez Sánchez N, De Troya-
Martin M. What sun protection practices should be adopted 
by trainee teachers to reduce the risk of skin cancer and 
other adverse outcomes? Int J Environ Res Public Health. 
2021;18(2):529. https://doi.org/10.3390/ijerph18020529.

25. Day AK, Wilson CJ, Hutchinson AD, Roberts RM. The 
Skin Cancer and Sun Knowledge Scale (SCSKS): A new 
measure of skin cancer-related knowledge. Health Education 
Research. 2014;29(6):973–86.

26. Haney MO, Bahar Z, Beser A, Arkan G, Cengiz B. 
Psychometric testing of the turkish version of the skin 
cancer and sun knowledge scale in nursing students. J 
Cancer Educ. 2018;33(1):21-8. https://doi.org/10.1007/
s13187-016-1041-2.

27. Rossi JS, Blais LM, Redding CA, Weinstock MA. The 
development and validation of a sun protection behavior 
scale. Health Education Research. 1997;12(3):373–83. 
https://doi.org/10.1093/her/12.3.373

28. Aygun O, Ergun A. Validity and reliability of sun protection 
behavior scale among turkish adolescent population. Asian 
Nurs Res (Korean Soc Nurs Sci). 2015;9(3):235-42. https://
doi.org/10.1016/j.anr.2015.04.006.

29. Creswell JW. Research design: Qualitative, quantitative 
and mixed method approaches (SB Demir, Trans.). Ankara: 
Eğiten Kitap. 2017.

30. Campbell DT, Stanley JC. Experimental and quasi-
experimental designs for research. Ravenio books; 2015 
Sep 3.

31. Ghazipura M, McGowan R, Arslan A, Hossain T. 
Exposure to benzophenone-3 and reproductive toxicity: A 
systematic review of human and animal studies. Reprod 
Toxicol. 2017;73:175-83. https://doi.org/10.1016/j.
reprotox.2017.08.015.

32. Huang Y, Wang P, Law JC-F, Zhao Y, Wei Q, Zhou Y, et 
al. Organic uv filter exposure and pubertal development: A 

prospective follow-up study of urban chinese adolescents. 
Environ Int. 2020;143:105961. https://doi.org/10.1016/j.
envint.2020.105961.

33. Rosenstock IM. Historical origins of the Health Belief Model. 
Health Education Monographs. 1974;2(4):328–35. https://
doi.org/10.1177/109019817400200403

34. Smith A, Jones B, Taylor L. The impact of interactive digital 
education on sun-safe behavior: A randomized controlled 
trial. Journal of Skin Health. 2020;12(3):200–10.

35.  Kaya A, Yıldız M. Effectiveness of health education 
on digital platforms. Journal of Society and Health. 
2022;32(2):123–35.

36. Yıldırım S, Demir F. The effect of interactive learning 
methods on knowledge level. Journal of Educational 
Research. 2021;45(1):78–89.

37. Erdem R, Çelik N, Akar H. The role of online education 
in improving health behaviors. Journal of Public Health 
Nursing. 2019;6(2):34–42.

38. Moorhead SA, Hazlett DE, Harrison L, Carroll JK, Irwin 
A, Hoving C. A new dimension of health care: Systematic 
review of the uses, benefits, and limitations of social 
media for health communication. J Med Internet Res. 
2013;15(4):e85. https://doi.org/10.2196/jmir.1933.

39. Chung JE, Park N, Wang H. Digital health interventions and 
patient engagement: A systematic review. Journal of Medical 
Internet Research. 2021;23(4):e23450.

40. Glanz K, Rimer BK, Viswanath K, editors. Health behavior: 
Theory, research, and practice. John Wiley & Sons; 2015 
Jul 27.

41. Liang R, Zhu X, Wang Y. Nurse-led digital interventions in 
preventive care: A scoping review. International Journal of 
Nursing Studies. 2022;129:104210.

42. Niu Z, Xie X, Ye Y. Mobile health interventions to promote 
cancer prevention behaviors: Systematic review and meta-
analysis. JMIR Cancer. 2023;9(2):e42314. 

This work is licensed under a Creative Commons Attribution-
Non Commercial 4.0 International License.


