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ABSTRACT

This study aimed to analyze the skin characteristics of early adult consumers
using data collected from a skin analyzer and explore the implications for
cosmetic product formulation. The research sample consisted of 73
participants, with the majority aged between 17 and 20 years. The measured
skin parameters included moisture, pores, melanin, acne (acne), wrinkles,
and sensitivity. Data were analyzed using descriptive statistics and consumer
segmentation techniques. The findings revealed that the early adult
consumers in the sample generally exhibited low skin moisture levels
(56.2%), enlarged skin pores (mean of 3.90 out of 5), fair skin pigmentation
(69.9% with a melanin value of 1), severe acne severity (56.2% with an acne
value of 5), minimal wrinkling (53.4% with a wrinkle value of 1), and high
skin sensitivity (38.4% with a sensitivity value of 5). Based on consumer
segmentation, formulation recommendations were provided for groups with
dry and sensitive skin, severe acne and enlarged pores, and normal-to-oily
skin with minimal wrinkle concerns. These findings highlight the need for
targeted cosmetic formulations to address the specific skin concerns faced by
early adult consumers. Although limitations such as a relatively small sample
size and a focus on objective measurements existed, this study provides
valuable insights for data-driven cosmetic product development. Further
studies are recommended to investigate lifestyle and environmental factors,
incorporate subjective data, and explore inter-group differences within the
early adult consumer population. This research demonstrates the importance
of evidence-based skin data analysis in informing cosmetic formulation
strategies. By understanding and catering to the unique needs of early adult
consumers, the cosmetic industry can develop more effective and satisfying
products, driving market growth within this critical consumer demographic. A
data-driven approach to cosmetic product development will become
increasingly crucial in adapting to evolving consumer needs and preferences.
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INTRODUCTION

Skin health and appearance are critical concerns for many individuals,
particularly those in the early adulthood phase (ages 20-40 years). This life
stage is characterized by significant physiological and psychosocial changes
that can profoundly impact skin condition (Cho et al., 2021; Farage et al.,
2008). Extrinsic factors such as occupational stress, environmental
exposures, and lifestyle habits coupled with intrinsic processes like hormonal
fluctuations can contribute to various dermatological issues in this
demographic (Baran & Maibach, 2017; Krutmann et al.,, 2017). A
comprehensive understanding of the characteristics and specific needs of
early adult consumers' skin is therefore imperative for developing targeted
and efficacious cosmetic interventions.

While individual variations exist, evidence suggests the early adulthood
population exhibits distinct skin requirements compared to other age groups.
A nationwide survey (n=2,109) revealed over 50% of Americans aged 20-40
years identified acne, visible pores, and premature signs of aging as their
primary skin concerns (Tensen et al., 2016). These findings are corroborated
by clinical studies reporting a high prevalence of conditions like acne vulgaris
(affecting up to 42.5% of women aged 21-30; (Bagatin et al., 2021),
excessive sebum production (Butler et al., 2020), and early-onset periorbital
photodamage (Mercurio et al., 2016), among early adults. Characterizing
these common dermatological conditions can guide cosmetic formulators in
developing tailored products.

Recent advances in skin imaging and analysis technologies, such as
the Visia-CR skin analyzer, allow for the objective, quantitative evaluation of
multiple skin parameters (Abdlaty et al., 2018). By capturing multi-spectral
images and processing them through advanced algorithms, these devices can
precisely measure traits like moisture levels, texture, pigmentation
abnormalities, and vascular features (Sun et al., 2022). Leveraging such tools
provides an unprecedented opportunity to comprehensively profile early adult
consumers' skin and elucidate trends or segmentation based on their diverse
needs.

Several studies have demonstrated the utility of skin analyzers in
cosmetic research. Dimitriu et al. (2019) used the Visia system to
characterize skin aging patterns in a cohort of 232 Mexican females aged 20-
60 years, identifying distinct clusters based on their pigmentation, pore, and
wrinkle measures. Similarly, Park et al. (2015) employed the Mexameter to
quantify pigmentary changes and guide depigmenting formulation
development.

The primary objective of this study is to conduct an in-depth analysis
of various skin parameters in a sample of early adult consumers using a
validated skin imaging system. By examining metrics such as hydration,
sebum levels, pore characteristics, pigmentation, and textural irregularities,
we aim to comprehensively characterize the dermatological landscape of this
key demographic. Furthermore, we seek to investigate potential correlations
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between these skin traits and demographic/lifestyle factors within our
sample.

Ultimately, through cluster analysis and consumer segmentation based
on their respective skin profiles, this research will yield actionable insights to
inform the rational design of tailored cosmetic product formulations. By
aligning product development with empirically-defined consumer needs, we
can enhance efficacy, consumer satisfaction, and successful market
translation (Suryaneta, Aida Febina Sholeh, 2023; Yasir et al., 2023).
Recommendations will be provided for suitable cosmetic interventions (e.g.
targeted serums, moisturizers) to address the distinct requirements of each
identified consumer segment within the early adult population.

METHODS
This section of the report gives a detailed account of the procedure of this
research. (added below)

Participant Description

This study involved a total of 73 voluntary participants. This sample
size was chosen to provide adequate representation of the target population,
early adult consumers, while considering the feasibility of data collection and
analysis. The participants were in the early adulthood age range, which is
generally defined as individuals aged 18 to 35 years. This age range was
selected because it encompasses the transitional period from adolescence to
adulthood, during which individuals often experience lifestyle changes and
different skin care needs compared to other age groups (Farage et al., 2008).

Data Collection Using Skin Analyzer

Measured Parameters

The skin conditions of participants were measured using a skin analyzer,
which is a non-invasive tool for assessing various skin parameters. This
research used API 100 for Skin Analyzer with brand Aram Huvis. The
parameters measured in this study included: (1) Moisture that assessing skin
hydration, categorized as “high” or “low”; (2) Pores that evaluating pore size
on a scale of 1-5, with 1 indicating small pores and 5 indicating large pores;
(3) Melanin that assessing skin pigmentation levels on a scale of 1-5, with 1
representing lighter skin and 5 representing darker skin; (4) Acne that
evaluating acne severity on a scale of 1-5, with 1 indicating little or no acne
and 5 indicating severe acne; (5) Wrinkles that assessing the depth and
amount of wrinkles on a scale of 1-5, with 1 indicating few wrinkles and 5
indicating significant wrinkles; and (6) Sensitivity that evaluating skin
sensitivity levels on a scale of 1-5, with 1 indicating non-sensitive skin and 5
indicating highly sensitive skin.

Measurement Procedure
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Measurements were conducted under controlled and standardized
conditions to ensure consistency and minimize confounding variables.
Participants were asked to cleanse their faces and wait for 30 minutes before
measurement to stabilize skin conditions. The skin analyzer was positioned
on predetermined facial areas, such as the forehead, cheeks, and chin, to
obtain accurate readings. Multiple readings were taken for each parameter,
and the average values were used for further analysis.

Data Analysis Methods
Data Tabulation

The data collected from the skin analyzer was entered into an
electronic spreadsheet for tabulation and organization. Each participant was
assigned a unique code to maintain confidentiality and facilitate data analysis.
Skin parameters and their corresponding values for each participant were
recorded in a structured format.

Descriptive Statistical Analysis

Descriptive statistical analyses were performed to provide an overall
picture of the participants' skin characteristics. The following steps were
taken: (1) Calculating the mean values for each skin parameter across the
sample; (2) Determining the minimum and maximum values for each skin
parameter: and (3) Calculating the percentage of participants falling into each
skin condition category (e.g., percentage with dry, oily, or combination skin).
These descriptive statistics provided insights into the distribution and
variability of skin characteristics within the sample.

Consumer Segmentation and Clustering

To identify consumer segments with similar skin characteristics, cluster
analysis techniques were applied to the data. The k-means algorithm was
used to cluster participants based on their skin parameter values. The optimal
number of clusters was determined using the elbow and silhouette analysis
methods. After segments were identified, the skin characteristic profiles for
each segment were described and interpreted.

RESULTS

The analysis of skin conditions in 73 early adult participants, aged
between 15-22 years with the majority being 17-20 years old, revealed
several notable findings. The sample comprised 64 females and 9 males.
Regarding skin moisture levels, a considerable proportion of 56.2% exhibited
low skin hydration, while 41.1% had high moisture content. Only 2
participants (2.7%) did not have moisture data recorded (Table 1). The
example of result skin analysis can be shown in Figure 1.

Examination of skin pore characteristics revealed a mean value of 3.90,
indicating a tendency towards larger pore sizes across the sample. The
minimum recorded value was 1, representing small pores, while the
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maximum value of 5 corresponded to very large, visible pores. This suggests
that enlarged pores are a common concern among early adult consumers.

Skin pigmentation, as measured by melanin levels, demonstrated a
mean value of 1.47, reflecting a predisposition towards fairer skin tones in
this demographic. Notably, 69.9% of participants exhibited a melanin value
of 1, indicative of very fair skin pigmentation. In contrast, only one participant
(1.4%) had a melanin value of 5, corresponding to very dark skin.

Table.1 Summary of Key Results
Skin Parameter Mean Minimum Maximum Key
Value Value Value Findings
Moisture - Low High 56.2% low
moisture,
41.1% high
moisture
Pores 3.90 1 5 Tendency
towards
larger pore
sizes
Melanin 1.47 1 5 69.9% fair
skin
Pigmentation
(value of 1)
Acne 4.16 1 5 56.2% very
severe acne
(value of 5)
Wrinkles 1.52 1 3 53.4% no or
minimal
wrinkles
(value of 1)
Sensitivity 3.66 1 9 38.4% very
sensitive
skin (value
of 5)

Note: In the “Moisture” row, the mean value and minimum/maximum values were left blank because the
moisture parameter was categorized as “high” or “low” rather than being measured on a numeric scale
like the other parameters.

Acne severity, assessed using the acne parameter, yielded a mean
value of 4.16, signifying a substantial acne burden in the sample population.
Alarmingly, 56.2% of participants recorded an acne value of 5, indicating very
severe acne conditions. Conversely, only 2 participants (2.7%) had an acne
value of 1, representing no observable acne.

The analysis of wrinkle levels revealed a mean value of 1.52,
suggesting minimal wrinkle presence in the early adult cohort. Notably,
53.4% of participants exhibited a wrinkle value of 1, indicating no or
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negligible wrinkles. No participants recorded a wrinkle value above 3, which
would correspond to moderate wrinkle severity.

Melanin with value 1

Wrinkles with value 1 Moisture (High)
Figure 1. Skin Analysis Result Pictures

Skin sensitivity emerged as a significant factor, with a mean value of
3.66 across the sample, implying a general tendency towards sensitive skin
conditions. Remarkably, 38.4% of participants had a sensitivity value of 5,
indicating very sensitive skin. However, one participant displayed an outlier
sensitivity value of 9, which may be attributable to a data entry error.
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These findings underscore the unique skin characteristics and concerns
prevalent among early adult consumers. Low moisture levels, enlarged pores,
fair skin tones, severe acne, minimal wrinkles, and heightened skin sensitivity
appear to be defining features of this demographic. Consequently, cosmetic
formulations tailored to address these specific needs, such as enhancing
hydration, minimizing pore appearance, combating acne, and protecting
sensitive skin, would be highly beneficial for this consumer segment.

DISCUSSION

The analysis of data from this study highlights several salient skin
characteristics among early adult consumers that have significant
implications for cosmetic product formulation. Firstly, the finding that the
majority of participants (56.2%) exhibited low skin moisture levels
underscores the need for formulations focused on enhancing hydration.
Adequate skin hydration is crucial for maintaining overall skin health and
appearance (Lichterfeld-Kottner et al., 2020). Cosmetic interventions
incorporating humectants, emollients, and occlusives could effectively
address this prevalent dryness concern in the early adult demographic
(Purnamawati et al., 2017).

Secondly, enlarged skin pores emerged as a common issue, with the
mean pore size value of 3.90 indicating a tendency towards visible, dilated
pores across the sample. Factors such as excess oil production, aging, and
genetics can contribute to this condition (Flament et al., 2015). Formulations
designed to minimize the appearance of pores and regulate sebum excretion,
potentially incorporating ingredients like niacinamide or retinoids, could be
highly beneficial for this consumer segment (Zoe Diana Draelos et al., 2006).

Thirdly, the data revealed that the majority of participants (69.9%)
exhibited fair skin pigmentation, with a mean melanin value of 1.47. While
this may reflect the demographic characteristics of the sample, it suggests
that skin-lightening or brightening products may not be a primary concern
for this age group. However, adequate UV protection remains essential to
prevent sun-induced skin damage and hyperpigmentation (Lyons et al.,
2021).

Fourthly, the severe acne severity observed, with a mean acne value
of 4.16 and 56.2% of participants exhibiting an acne value of 5 (very severe
acne), underscores the prevalence of this dermatological concern among
early adults. Acne can have a significant impact on self-confidence and quality
of life (Hazarika & Archana, 2016; Yasir et al., 2020). Developing effective
anti-acne formulations, potentially incorporating salicylic acid, benzoyl
peroxide, or retinoids, could provide substantial benefits for consumers in this
age group (Ayer & Burrows, 2006).

Furthermore, the data indicated minimal wrinkle severity among
participants, with a mean wrinkle value of 1.52 and 53.4% exhibiting a
wrinkle value of 1 (no or minimal wrinkles). This finding is likely attributable
to the relatively young age of the sample. However, incorporating anti-aging
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ingredients, such as antioxidants and skin-rejuvenating compounds, could
help prevent premature signs of aging and maintain a youthful, healthy
complexion.

The high skin sensitivity observed, with a mean sensitivity value of
3.66 and 38.4% of participants exhibiting a sensitivity value of 5 (very
sensitive skin), highlights the need for gentle, non-irritating formulations.
Selecting soothing ingredients and avoiding potential irritants can enhance
skin tolerance and comfort (Duarte et al., 2017).

Based on the consumer segmentation analysis, several formulation
recommendations can be proposed to address the specific needs of each
identified cluster. For the dry and sensitive skin segment, intensive hydrating
formulations based on aqueous humectants, such as hyaluronic acid and
glycerin, and incorporating soothing agents like chamomile or allantoin, could
be beneficial (Chularojanamontri et al., 2014; Zoe D. Draelos, 2018). These
ingredients can effectively restore moisture levels while minimizing potential
irritation.

For the severe acne and enlarged pores segment, anti-acne products
containing active ingredients like salicylic acid, benzoyl peroxide, or retinoids
may be warranted (Ayer & Burrows, 2006). Additionally, oil-controlling and
pore-minimizing formulations, such as gel-based or serum moisturizers with
niacinamide, could help regulate sebum production and refine the appearance
of pores (Zoe Diana Draelos et al., 2006).

For the normal-to-oily skin segment with minimal wrinkle concerns,
lightweight, non-comedogenic formulations like water-based or gel
moisturizers may be suitable. Incorporating antioxidants like vitamin C or E
could protect against oxidative damage and delay early signs of aging (Garre
et al., 2018). Adequate sun protection with broad-spectrum sunscreens
should also be recommended for daily UV defense (Heurung et al., 2014).

While this study provides valuable insights into the skin characteristics
of early adult consumers, several limitations should be acknowledged. Firstly,
the relatively small sample size may limit the generalizability of the findings
to larger populations. Further studies with larger and more diverse
demographic samples could help confirm and expand these results.

Secondly, this research focused solely on objective measurements of
skin parameters using a skin analyzer. Integrating this data with subjective
information, such as consumer perceptions and preferences, could provide a
more comprehensive understanding of their needs and desires in skincare
products.

Thirdly, the current data analysis is limited to descriptive statistics and
consumer segmentation. Further analyses, such as hypothesis testing and
predictive modeling, could reveal more complex relationships and trends
within the data.

For future studies, some intriguing directions could include: (1)
Investigating lifestyle and environmental factors influencing early adult
consumers' skin conditions, such as diet, stress, and sun exposure (Katta &
Desai, 2014; Oyetakin-White et al., 2015); (2) Conducting longitudinal
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studies to track changes in skin characteristics over time and evaluate the
effectiveness of cosmetic formulation interventions (Kim et al., 2013); and
(3) Exploring inter-group differences within the sample, such as based on
gender, ethnicity, or geographic location, to identify specific needs and
preferences for consumer segments (Vashi et al., 2016).

By addressing these limitations and pursuing further research
directions, our understanding of early adult consumers' skin characteristics
and their implications for cosmetic product development can continue to be
expanded and refined.

CONCLUSION

This study aimed to analyze the skin characteristics of early adult
consumers using data collected from a skin analyzer. With a sample of 73
participants, predominantly aged between 17 and 20 years, this research
provided valuable insights into the common skin conditions within this
demographic group.

The data analysis revealed that the early adult consumers in this study
generally exhibited low skin moisture levels, enlarged skin pores, fair skin
pigmentation, severe acne severity, minimal wrinkling, and high skin
sensitivity. These findings highlight the need for targeted cosmetic
formulations to address the specific skin concerns faced by this consumer
segment.

Based on the consumer segmentation, several formulation
recommendations were proposed, such as products focused on intensive
hydration for dry and sensitive skin, formulations targeting acne and enlarged
pores for acne-prone skin, and lightweight products with antioxidant
protection for normal-to-oily skin with minimal wrinkle concerns. These
recommendations can guide the development of more effective and
personalized cosmetic products that meet the unique needs of early adult
consumers.

While this study provides a solid foundation for understanding the skin
characteristics of early adult consumers, limitations such as the relatively
small sample size and a focus on objective measurements should be
acknowledged. Further studies incorporating subjective data, investigating
lifestyle and environmental factors, and exploring inter-group differences
could further enrich our understanding.

Overall, this research emphasizes the importance of evidence-based
skin data analysis to inform optimal cosmetic formulation development. By
understanding the unique needs and preferences of early adult consumers,
the cosmetic industry can create more effective and satisfying products,
fostering brand loyalty and market growth within this critical consumer
demographic.

In an increasingly data-driven world, a data-based approach to
cosmetic product development is becoming increasingly crucial. This study
demonstrates how insights derived from skin data analysis can inform
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formulation strategies, enabling cosmetic companies to adapt and innovate
in accordance with evolving consumer needs and preferences. By continuing
to invest in data-supported research and integrating findings into product
development practices, the cosmetic industry can remain at the forefront of
catering to diverse and evolving consumer needs.
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