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Abstract 

 

Makeup chemistries have evolved over the recent years and have become more long-

wear, waterproof and difficult to remove. Thus, many changes have occurred among products 

designed to remove makeup. Specifically, the facial cleansing/makeup remover wipes category is 

challenged to establish new strategies and adapt to the changing consumer needs and the 

evolving competitive landscape.  A holistic approach utilizing various sensory and consumer 

research methodologies was applied to guide product developers for wipe innovation.   

A global landscape study using a customized Descriptive Analysis method provided 

objective product profiling for the wipe category review based on thirteen products selected from 

four global regions. Three conceptual maps generated from this research displayed the similarity 

and differences among the products in three major areas: visual and tactile, cleansing 

performance, and skin perception.  A consumer design of experiments (DOE) study using a 

blind, sequential monadic, balanced incomplete block design (BIBD) conducted in the U.S. and 

U.K. evaluated eighteen prototypes with 4 factor combination (formula, thickness, weight, lotion 

add-on) of different levels. Based on the results, a simulation model was developed to identify 

best factor combination with highest purchase intent and overall liking for product optimization.  

Driver’s analysis, sensitivity analysis, and penalty analysis conducted in this research offered 

more in-depth understanding on product performance. Lastly based on the data generated from 

the DOE study and in-vitro lab measurements conducted on the same eighteen prototypes, 

predictive models between certain consumer perceptible attributes and in-vitro lab measurements 

using partial least squares (PLS) regression with a cross validation procedure were established to 



  

provide rapid methods for facial cleansing/makeup remover wipes prototype screening. Future 

consumer studies are required to further validate these models.  
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Chapter 1 - Brief Introductory Literature Review 

 

 Wipe Introduction 

There are two types of wipes: dry wipes and wet wipes. Dry wipes refer to cleansing 

products, such as toilet paper. Wet wipes are nonwoven fabrics consisting of polyester and 

cellulose and are mostly used on body or facial skin (Russell, 2007; Chinta, 2014; Kaplan et al., 

2015 & 2017). Nonwoven wipes are fibers bonded by mechanical bonding (fiber entanglement), 

chemical bonding (chemically bonded together with glue-like compounds), or thermal bonding 

(where low-melt fibers are used, and heat is used to melt the fibers to each other).  They are 

lighter and weaker than woven or knit fabrics and are ideal for single-use products, such as 

wipes, medical products, feminine hygiene products, disposable diapers, etc. (Ramkumar et al., 

2006; Rangasamy et al., 2014). 

Wet wipes consist of a nonwoven fabric material and a liquid part, which is also called 

“juice” or solution. The liquid part is typically water-, ethanol- or oil-based, and 90-98% of the 

liquid is water in the wet wipes currently in the market (Naggiar, 2006). The main composition 

of the liquid are the following: an emollient to improve the glide of the wipe on the skin and to 

hydrate the residues to reduce dryness and irritation; a surfactant and/or an emulsifier to emulsify 

the emollient or any other water insoluble oils present in the composition with the function of a 

surfactant focusing on breaking down the dirt, oil, or chemicals in the makeup products; a 

rheology modifier to increase the viscosity of the composition at lower temperatures as well as at 

process temperatures; a preservative to reduce the growth of microorganisms and to enable a 

longer shelf life; and a soothing agent to reduce the irritation or stinging/burning/itching effect of 

chemicals (Russell, 2007 ; Kaplan et al., 2015 & 2017). There are different types of wet wipes; 
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the most common are: facial cleansing wipes/makeup removal wipes, baby wipes, body wipes, 

feminine hygiene wipes, antibacterial wipes, etc. (Naggiar, 2006; Russell, 2007; Chinta 2014).  

 

Research Conducted on Wipes 

Some sensory and consumer research work has been conducted on textile and fabric 

products. The earliest sensory evaluation work started in 1926 by Binns on tactile properties of 

fabrics (Bishop 1996). In 1971, Kawabata and Niwa founded the Hand Evaluation and 

Standardization Committee and established the standardization of sensory evaluation methods 

for fabric handle, which provided some fundamental work for today’s literature. Following their 

work, continuous research on sensory evaluation of textile properties of fabric has been carried 

on (e.g., Ellis and Garnsworthy, 1980; Winakor et al., 1980; Elder et al., 1984; Strazdiene et al., 

2006; Yenket et al., 2007). Sular, V. and Okur, A. E. (2007) focused on the stiffness, thickness, 

and smoothness of the fabric handle of suitings (the feel of the fabric material) using a 

Descriptive Analysis sensory evaluation method. 

However, a limited amount of research has been published on wet wipes. Naggiar (2006) 

reviewed the concept, trend and formulation of personal care wipes in the current market. 

Soukupova et al. (2007) studied the properties of biodegradable wipes made by blends of three 

types of polyester/viscose fibers and flax/viscose fibers using hydroentanglement bonding 

technique. They concluded that flax fibers can be successfully utilized for developing household 

wipes due to their good absorption properties and higher tensile strength and good durability. 

Cherney (2007) discussed the wipe material and additives safety requirements and FDA 

regulations for wipe industry as well as certain claims related to safety for wipes. Chinta (2014) 

designed eco-friendly wet body wipes by using spunlace nonwoven fabrics of 100% viscose and 
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viscose/polyester blends. The antimicrobial assessment and other physical tests showed that 

100% viscose fabrics treated with 20% concentration of the oils were most suitable to meet the 

same purpose for body wipes. Ramamurthy et al. (2017) studied the frictional characteristics of 

medical wipes in contact with mechanical skin equivalents.  They found that the friction of the 

wipe against any equivalent skin material depends on its surface nature and the morphology of 

the material against which it is in contact.  

A large majority of the publications on wet wipes were focused on baby wipes (Priestley 

et al., 1996; Odio et al., 2001; Adam et al., 2009; Visscher et al., 2009; Lavender et al., 2012). 

Priestley et al. (1996) conducted a 10-week double-blind safety-in-use study on 302 infants to 

compare the skin impact after the use of four different baby wipes with different formulations. 

No clinically detectable differences were found in the effects of the wipes in terms of erythema, 

frequency of rashes, edema, and desquamation, but significant changes in the pH of pubic and 

buttock skin inside the diaper area were found. Odio et al. (2001) conducted four clinical studies 

to learn the efficacy and skin mildness on four different disposable baby wipes. The results 

showed that the tested wipes were milder to the skin than use of a cotton washcloth and water, 

which was regarded as a “gold standard” for skin mildness. The wipes did not cause significant 

change from the baseline value in any of the skin parameters tested. Therefore, baby wipes could 

be suitable for intact or compromised or irritated skin. Visscher et al. (2009) compared the 

effects of wipes versus cloth and water on stratum corneum integrity with medically stable NICU 

patients including both full and preterm infants. Adam et al. (2009) in the same year conducted 

clinical studies on sensitive infant skin to study the skin mildness and suitability on a newly 

developed baby wipe. They found similar results as Odio et al. (2001) that baby wipes with 
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emollient cleansers and a soft cloth minimized skin compromise relative to cloth and water 

standard and provided more normalized skin condition and barrier function.  

 

Different Testing Methods on Wipes 

Clinical tests and or laboratory tests are often used to understand wipes’ properties or 

skin conditions after using wet wipes. The modified forearm-controlled application technique 

(modified FCAT) is a test that evaluates the relative mildness of several types of products, such 

as baby wipes, feminine hygiene products and facial tissues (Farage et al., 2007). Bending 

rigidity, Handle-O-Meter measurement - which measures the combined effects of flexibility and 

surface friction of the fabric, and Moisture management test (MMT)- which measures liquid 

transfer, have been used to measure fabric properties in addition to basic physical measurements 

such as weight, thickness, porosity, fiber orientation (Pulan et al., 2015; Kaplan et al., 2017). 

Some in-vitro methods have been developed, such as coefficient of friction (COF) to evaluate 

gentleness of the fabric (Koenig et al., 2013). Several irritation tests, such as Behind-the-knee 

(BTK), Visual Scoring, and Subjective Irritancy Scoring with a trained grader, have been used to 

measure the irritation level when wipes interact with skin. The BTK method measures both the 

chemical and mechanical irritation of the fabrics on the popliteal fossa area (Miranda, 2006). 

Scoring of visual erythema and dryness/scaliness, Skin redness measurement via Chromameter, 

Skin Hydration Test, Transepidermal Water Loss (TEWL) by evaporimeter, and the Laser 

Doppler method are typical skin assessment methods after using the wipes (De Paepe et al., 

2008; Koenig et al., 2013; Bartels et al., 2014).  

Rarely have any sensory and consumer studies been published on wet wipes with one 

reason being that this product category is very small but unique. Ficheux et al. (2016) conducted 



5 

a consumer study with 1078 male and female consumers in France to understand the cosmetic 

products consumption. They reported that women on average used 2.1 wipes to remove their 

make-up and 1.5 wipes for their intimate hygiene. Parents used on average 1.8 wipes to clean 

baby’s bottom, and 1.2 wipes for the baby's face. Stapleton (2003) conducted a descriptive 

analysis sensory study to evaluate twelve dry and wet facial wipes, but only focused on skinfeel 

and handfeel properties of the wipes. Very few studies have been published with the goal of 

understanding the product differences in the different markets, consumers’ perception and 

preference on the specific attributes of the wipes, etc. 

 

Sensory and Consumer Research Methods  

Review and Application in a Business Environment 

 

Sensory and consumer research methods have been widely used in the business 

environment, especially large consumer good companies (CPG), covering wide varieties of 

product categories, such as food, beverage, alcohol, personal care, cosmetics, skin care, hygiene, 

Over-the-Counter (OTC) medicine, pet care, etc. The majority of these large companies have 

sensory or consumer science departments /groups within research and development (R&D), 

which acts as a business partner collaborating with product development (PD) and other cross-

functional teams, such as marketing, market research, packaging, engineering, etc. to support 

new product development and other business needs.  The use of sensory methods has been noted 

to help in product success (Talavera and Chambers, 2017) 
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Generally speaking, sensory and consumer research methods are typically summarized 

into four areas: Discrimination Methods, Descriptive Analysis Methods, Consumer Affective 

Tests (Qualitative and Quantitative).  

Discrimination methods focus on understanding whether overall differences or attribute 

specific differences can be perceived between the two samples. Commonly used Discrimination 

Tests include Paired Comparison Test, Triangle Test, Duo-Trio Test, n-Alternative forced 

Choice (n-AFC) test, Tetrad, etc. (Meilgaard et al., 2006; Stone and Sidel, 2004; Lawless and 

Haymann, 2014). These discrimination tests are often used when there is a process change, 

ingredient change, or manufacture change, etc. to ensure that the changes made are not impacting 

the sensory characteristics of the products.  

Descriptive Analysis (DA) is a unique method that uses a trained panel to detect 

(discriminate) and describe both qualitative and quantitative sensory characteristics of a product 

(Meilgaard, et al., 2007; Campo, E. et al., 2010). Different descriptive methods have been 

developed since the 1950s, which include the Flavor Profile (Cairncross & Sjostrom, 1950), the 

Texture Profile (Szczesniak, 1963), Quantitative Descriptive AnalysisTM (Stone et al., 1974), 

Free Choice Profiling (Williams & Langron, 1984), Sensory SpectrumTM (Meilgaard, Civille, & 

Carr, 1991), as well as some hybrid descriptive analysis methods based on those methods (e.g., 

Chambers, 2018).  DA is used as an analytical tool to identify the detailed differences among the 

samples tested. For example, it can show the differences between the two samples if overall 

differences are perceived based on Discrimination Test. It is also widely used to profile the 

differences of a large list number of products and generate sensory perceptual maps to indicate 

the similarity and differences among the samples. 

https://www.sciencedirect.com/science/article/pii/S0950329309001153#bib36
https://www.sciencedirect.com/science/article/pii/S0950329309001153#bib35
https://www.sciencedirect.com/science/article/pii/S0950329309001153#bib38
https://www.sciencedirect.com/science/article/pii/S0950329309001153#bib24
https://www.sciencedirect.com/science/article/pii/S0950329309001153#bib24
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Recently, alternative and rapid Descriptive Analysis methods have been introduced, such 

as Flash profile (Sieffermann, 2000),  Free Sorting and Projective Mapping (Risvik, McEwan, & 

Rødbotten, 1997; Cadoret & Lê, 2010), Ideal profiling (Worth et al., 2014; Brard and Lê, 2016), 

and HITS profiling (Talavera-Bianchi et al, 2010). These types of rapid methods require less 

time for panel training and lexicon development resulting in faster delivery of study results to 

address business needs.  However, they do not necessarily show the detail that traditional DA 

methods provide when using highly trained panels. 

Affective Consumer Tests are split into two approaches: qualitative and quantitative. 

Qualitative methods include Focus Group, One-On-One Interview or In-Depth Interview (IDI), 

Ideation/Brainstorming, Ethnography study, Consumer Co-creation, etc. These types of methods 

are interview, discussion, and observation based to gain consumers’ opinion or feedback on 

certain concepts, prototypes, designs, packages, etc. (Chambers and Smith, 1991; Godwin and 

Chambers, 2009).  They typically only involve in a small number of consumers in the study. For 

example, one focus group is normally composed of 6 to 8 participants, one to two hours per 

session depends on the amount of content to be covered. Qualitative methods are normally used 

to generate basic consumer information and gain insights on a certain category or target segment, 

develop ideas and concepts for new products, screen and refine product concepts, help develop 

attributes or questions for quantitative study questionnaire, and further understand quantitative 

study results, etc. 

Quantitative methods normally require a large number of consumers, typically 100 to 

150, and can vary to several hundred or over a thousand consumers depends on the objective and 

scope of the study. The study can be conducted at a controlled testing site, such as at an agency’s 

testing facility or a laboratory inside a company, therefore it’s called Central Location Test 

https://www.sciencedirect.com/science/article/pii/S0950329309001153#bib33
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(CLT). Consumers can also bring the samples back to home, use for a period of time, such as one 

week, and then provide their feedback via a questionnaire or survey. This is typically called 

Home Use Test (HUT). The survey or questionnaire is designed using different scales to allow 

statistical analysis to be conducted on the results. Typical quantitative methods used in sensory 

and consumer research fields are: Consumer Hedonic/Acceptance Test, Preference 

Mapping/Category Appraisal, Design of Experiments (DOE), Conjoint Analysis, Turf Test, 

Max-Diff Test, KANO, etc. (Talavera and Chambers, 2017). 

In recent years, methods from across fields, such as neuroscience methods (fMRI, EEG, 

facial coding, eyetracking, biometrics with devices/wearables) and psychological methods 

(explicit and implicit method, such as implicit-association test (IAT)) have also been applied, 

sometimes combined with traditional consumer testing methods to gain more in-depth 

understanding on the testing products depending on the objectives. 

 Many companies use the “Stage-Gate Process,” also called “Phase-Gate Process,” in the 

product development cycle to manage the project from concept development to 

commercialization (Cooper, 2001). This process is divided into distant stages or phases, 

separated by decision points or gates.  

Figure 1-1 Product Development Stage-Gate Process 
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Sensory and Consumer Science may get involved in each stage of the product 

development process. In the “Define” and “Design” stages, the cross-functional team is formed 

that consist of Product Development, Marketing, Market Research/Consumer Insights, Sensory 

and Consumer Science, Packaging, Engineering, Supply Chain, Regulatory, Clinical Research, 

Analytical Group, Microbiology, Quality, etc. During this stage, Sensory and Consumer Science 

will work together with Product Development, Marketing, and Market Research/Consumer 

Insights to develop the product concept, gain upfront consumer usage and attitude (U&I) of the 

specific product category, etc. 

In the “Development” stage, Product Development develop/formulate prototypes. 

Sensory and Consumer Science conduct qualitative studies to help the team understand if the 

prototypes fit to concept and test with consumers to understand product performance with core 

product users. Quantitative consumer studies are often conducted to help the team identify the 

top performers of the prototypes among the different options. Sometimes, the prototypes are 

tested against competitive products for preference and/or for benchmarking. When prototypes 

pass consumer testing action standards, they are ready for scale-up to the manufacturing sites. 

Sometimes, products made on the manufacturing lines will be retested with consumers to ensure 

scale-up is successful and maintain the same quality standards as the lab-made prototypes. 

During this stage, flavor or fragrance screening may be involved and packages prototypes may 

also be tested with consumers for improvement and finalization. For some industry or 

companies, Sensory and Consumer Science may also help conduct shelf life studies to monitor 

the sensory characteristic changes to determine the shelf life of the product. 

Another important test in the business environment is claim support. Before 

commercializing, Marketing will identify the targeted claim list. Depend of the claim list, some 
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may be sensory and consumer perceptible claims, which will be supported by Sensory and 

Consumer Science team. Some claims may be ingredient or technology based, some claims may 

be efficacy claims that need clinical study to support, etc. Sensory and Consumer Science will 

conduct appropriate quantitative consumer studies following guidelines, sometimes combined 

with descriptive analysis studies or other methods, to determine if the targeted claims can be 

substantiated based on action standard. ASTM E1958-19 Standard Guide for Sensory Claim 

Substantiation demonstrates the detailed requirements for conducting a claim study (ASTM, 

2019). 

In the “Commerciality” and “Launch” stages, most of the sensory and consumer research 

work have been completed by then. Depending on the industry, especially food and beverage 

related field, Sensory and Consumer Science will partner with the Quality team at the 

manufacturing site to train them on sensory characteristics to ensure that the manufacturing 

quality meets the product specifications for release into the market.   

Post launch, Sensory and Consumer Science continue to support the business on as 

needed bases. For example, if there is a minor process change or an ingredient change, Sensory 

and Consumer Science will conduct sensory or consumer tests, such as discrimination test, 

descriptive analysis studies, etc. to ensure that no significant differences were noticeable in the 

product characteristics due to the change. If the manufacture change, process change, or 

ingredient change is major, it will require the project to go through the Stage-Gate Process. 

Sensory and Consumer Science will support as well.  

To summary, there are various methods in the sensory and consumer research field to be 

used to support product development through each of the stage gate. Establishing the 
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comprehensive learning plan with appropriate testing methods is the key to success to support 

the business.  

 

Overall Research Objective 

Facial cleansing/makeup remover wipe is a unique and relatively new product category. 

It is also one of the fastest growing products in the market (Naggiar, 2006). Based on 

Euromonitor data, the wipes market was estimated at $2.49 billion in 2012 and was expected to 

increase to $2.92 billion by 2017. The overall personal care wipes (makeup removal, skin care, 

intimate care, etc.) was expected to increase from $313 million in 2012 to $353 million by 2017 

(Callahan, 2013). With makeup becoming more long-wearing, waterproof and difficult to 

remove in the recent years, innovation and reformulation are in demand to adapt to the changing 

makeup needs. 

To support makeup removal wipe innovation, various sensory and consumer research 

methods were applied to fully understand the product category, and guide product development 

and product innovation. The objectives of the study were to: a) provide the upfront 

understanding necessary to establish fundamental sensory knowledge of the wipes category by 

conducting a category appraisal and leverage that information to develop future products, b) 

determine key wipe components that impact and drive consumer acceptance, and c) determine an 

initial model predicting consumer acceptance based on physical lab measures to use for 

screening development options.  
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Chapter 2 - Understanding the Global Sensory Landscape for 

Facial Cleansing/Makeup Remover Wipes 

 

This Chapter is a draft of a published paper: 

Xing, H., Krogmann, A., Vaught, C. and Chambers, E. IV. 2019. Understanding the 

global sensory landscape for facial cleansing/makeup remover wipes.  Cosmetics. 6: 

#44 

 

 Abstract 

 

Abstract: Makeup chemistries have evolved over the recent years and have become more long-wearing, 

waterproof and difficult to remove. Thus, many changes have occurred among products designed to 

remove makeup. Specifically, the facial cleansing/makeup remover wipes category is challenged to 

establish new strategies and adapt to the changing consumer needs and the evolving competitive 

landscape. A global product category review can provide the upfront understanding necessary to 

establish fundamental knowledge. That knowledge can in turn be leveraged when developing future 

products. A customized descriptive analysis method was applied to address the unique challenges of 

the category. The method leveraged existing methods and was augmented with new descriptive 

modalities, specific to the unique developments in the category. A total of seventy-one attributes were 

identified that spanned visual and tactile cues of the wipes, cleansing performance cues during use, as 

well as skin look and feel attributes after use. Thirteen facial cleansing/makeup remover wipes from 
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global markets were selected for testing based on commercial and historical insights. Three sensorial 

perceptual maps were generated displaying the profiles of the thirteen products in three areas of 

product properties - visual and tactile, cleaning performance, and skin look and feel. These study results 

combined with existing consumer insights helped the R&D team to establish strategies to guide product 

development for this category. 

Keywords: Facial; cleansing; makeup; wipes; descriptive; sensory; competitive; global; marketplace; 

product development 

 

1. Introduction 

Facial cleansing/makeup remover wipe is a unique product category with a fast-growing rate in the 

personal care market. Based on Euromonitor data, retail value in the personal care wipes market has 

grown roughly an additional $900 million from the years 2009 to 2014. It’s predicted to have a nearly 3% 

growth in volume terms, at compound annual growth rate, during 2014 to 2019. With makeup becoming 

more long-wearing, waterproof and difficult to remove in the recent years, innovation and reformulation 

of the wipe category are in demand to adapt to the changing makeup needs. 

Facial cleansing wipes/makeup remover wipes is one kind of wet wipes consisting of a nonwoven 

fabric material and a liquid part, which is also known as “juice” or solution. The liquid part is typically 

water-, ethanol- or oil-based, and 90-98% of the liquid is water in the wipes. The main composition of the 

liquid for makeup remover wipes are similar to other wet wipes, which includes an emollient to improve 

the glide of the wipe on the skin and to hydrate the residues to reduce dryness and irritation; a surfactant 

and/or an emulsifier to emulsify the emollient or any other water insoluble oils present in the 

composition with the function of breaking down the dirt, oil, or chemicals in the makeup products; a 
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rheology modifier to increase the viscosity of the composition at lower temperatures as well as at process 

temperatures; a preservative to reduce the growth of microorganisms and to enable a longer shelf life; 

and a soothing agent to reduce the irritation or stinging/burning/itching effect of chemicals [1-2]. 

Descriptive Analysis (DA) is a method that uses a trained panel (typically 5 to 15 panelists) to detect 

(discriminate) and describe both qualitative and quantitative sensory characteristics of a product [3-4]. 

Different descriptive methods have been developed since the 1950s, which include the Flavor Profile [5], 

the Texture Profile [6], Quantitative Descriptive AnalysisTM [7], Free Choice Profiling [8], Spectrum 

Descriptive AnalysisTM [9], as well as some hybrid descriptive analysis methods, etc. Recently, alternative 

and rapid Descriptive Analysis methods have been introduced, such as Flash profile [10], Free Sorting 

and Projective Mapping [11-12], Ideal profiling [13-14], and HITS profiling [15]. These types of rapid 

methods require less time for panel training and lexicon development resulting in faster delivery of study 

results to address relevant business needs.  

Conventional DA typically uses a group of 8 to 15 panelists. A list of attributes has been identified to 

evaluate the specific product category using an intensity scale. The key procedures of conventional DA 

involve attribute generation, alignment and definition, panel training with references, panel validation, 

product evaluation, panel performance monitoring, and panel retraining and validation. The Spectrum 

Descriptive AnalysisTM method is one of the most popular DA methods among the conventional DA 

methods. The lexicon (attributes) for this method is typically based on common terminology agreed upon 

by panelists. References are used for attribute clarification and panel training. A 15-point universal scale 

is typically used for food, beverage, and fragrance product evaluation, and a 100-point universal scale is 

typically used for non-food, personal care product evaluation, such as lotions, creams, oils, pomades, and 

fabrics/paper goods [3]. 
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Descriptive Sensory Analysis methods on fabric, paper, nonwoven products as well as DA methods 

on skin care lotions, cleansers have been published throughout the years. Civille and Dus [16] defined the 

terminology to describe hand-feel properties of paper and fabric based on previous work in this area as 

well as newly developed attributes generated from their research. The tactile and sound properties were 

key areas that were defined, with tactile properties including mechanical, geometrical, moisture, and 

thermal characteristics. Mechanical characteristics refer to attributes related to the reaction of the product 

to stress and strain, such as stiffness, force to press, etc. Geometrical properties are related to the size, 

shape, orientation of the particles, such as fuzziness and grittiness. Moisture properties are the attributes 

related to the perception of water and/oil from the product. Thermal characteristics refers to the attributes 

associated with heat transfer, such as cool or warm sensations. Bacci et al. [17] discussed the sensory 

evaluation and instrumental measurement of wool fabrics. For the sensory evaluation part, they 

streamlined 12 sensory attributes based on Civille and Dus’s work to be more specific towards wool 

fabric, which also covered major textile properties previously discussed. Sular and Okur [18] reviewed 

the sensory evaluation work conducted on textile fabrics and focused on stiffness, thickness and 

smoothness attributes, which were the key components of fabric handle of suitings (the feel of the fabric 

material).  Robinson et al [19] studied the effect of pattern design on the sensory properties of fabrics 

using the sensory terms from Civille and Dus’ work and added a term called “surface texturing”, which 

referred to the overall feel of a textured design on the surface of the fabric. Yenket at al. [20] showed that 

the influence of color on hand characteristics was essentially nonexistent for both descriptive and 

consumer panelists. 

Separate from the fabric properties, skin perception is another key component for wet wipe 

evaluation. Skin perception related attributes can be leveraged from the work done on other skin care 

products, such as lotion, cleanser, etc. Lexicon and descriptive analysis work have been widely studied. 

Meilgaard et al. [3] listed the example of facial wipes skinfeel appearance and texture lexicon, which 
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captured in-use, rinse/wet skin, and afterfeel/dry skin perception related attributes. Lee et al. [21] 

published the terminology using the Spectrum Descriptive Analysis method to evaluate skin care 

products including aqua cream. Twenty-seven attributes focusing on skin perception were generated 

with most of them relevant to the skin perception properties of using a wet wipe, especially for facial 

cleansing/makeup remover wipes.  

In addition to the fabric properties and skin perception properties, what makes this research unique 

is the cleansing performance piece, which is another critical part of the evaluation for facial 

cleansing/makeup remover wipes. The main purpose of using the wipes is to clean the face, remove dirt, 

oil residue from skin, and makeup products. The cleansing performance or how effectively the wipes can 

clean makeup and dirt is a key component of this product category. A customized descriptive analysis 

method covering all aspects of sensory properties of facial cleansing/makeup remover wipes will provide 

a full understanding of wipe characteristics to guide product development. 

The objectives of this research were: a) To use descriptive sensory analysis methods to gain a market 

overview of facial cleansing/makeup removal wipes in the global market; b) To understand product 

similarities and differences between one manufacturer’s set of wipes and wipes from other key 

competitors. 

2. Materials and Methods  

2.1 Customized Sensory Descriptive Analysis Method 

A customized Spectrum Descriptive Analysis™ method was applied to evaluate facial 

cleansing/makeup removal wipes. The method leveraged existing methods, such as lexicon that have been 

developed for fabric and cloth evaluation [16, 22] as well as hand and feel properties for lotion and cleanser 

products [3, 23]. In addition, new descriptive modalities, specific to the uniqueness of the makeup remover 
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wipe category, such as cleansing performance related attributes, were added to the lexicon development. 

A total of seventy-one attributes (Table 2-1) were identified covering three areas (visual and tactile, cleaning 

performance, and skin perception). Visual and tactile attributes include visual embossing (e.g. depth of 

micro and macro embossing, translucency), surface transfer (e.g. amount of product, amount of fabric 

moistness), surface roughness (e.g. gritty, grainy, lumpy), and tactile manipulation (e.g. thickness of the 

wipe, force to gather, stiffness). Cleaning performance attributes focused on removing of foundation 

product on the cheek, such as the number of laps to clean, occlusion, amount of visual coverage, evenness 

of coverage, amount of residue. Skin perception properties, including both visual and tactile perception, 

cover attributes such as stiffness, tautness, roughness, type and amount of residue. Multiple evaluation 

time intervals including baseline, after applying liquid foundation, immediate after using wipes, and 5 

minutes after using wipes were captured during the test. Neutrogena liquid foundation was selected to be 

used as the makeup product to be removed based on the purpose of the study, and instructions on how to 

apply and remove the liquid foundation were specified in the protocol.  

 

2.2 Product Evaluation 

Thirteen globally commercialized wipe products from four regions were selected for testing based on 

commercial information and sales volume. Seven products from North America (N.A.), two from EMEA 

(Europe, Middle East, Africa), two from APAC (Asia Pacific) and two from LATAM (Latin America) were 

evaluated by the Descriptive Analysis panel. Among the thirteen products, three were “Company” (N) 

products and ten were key competitors’ products (Table 2-2). 

Nine panelists from the Sensory Spectrum™ Personal Care Panel in Kannapolis, NC participated in 

the lexicon development, training and product evaluation. Panelists were trained on a 100-point universal 

scale with 0=none and 100= very strong/very high. All panelists were extensively trained in evaluation of 



23 

lotions, creams, gels, cleansers, and related personal care products and they received a minimum of 100 

hours of training and practice on wipes before evaluating the tested products. 

Nine panelists from the Sensory Spectrum™ Personal Care Panel in Kannapolis, NC participated in 

the lexicon development, training and product evaluation. Panelists were trained on a 100-point universal 

scale with 0=none and 100= very strong/very high. All panelists were extensively trained in evaluation of 

lotions, creams, gels, cleansers, and related personal care products and they received a minimum of 100 

hours of training and practice on wipes before evaluating the tested products. 

A balanced sequential monadic design was applied for the study. Two products were evaluated in 

each test session per day with one product on each half face for total of thirteen (13) test sessions. 

Replication and randomization were applied.   

Each participant followed strict study protocol to prepare their skin (ASTM. 1997. E1490-92). Baseline 

assessment was conducted with clean and dry hands. Panelists were then instructed to apply a facial 

moisturizer (0.05cc) on their cheek using a circular motion and covering the area between the cheekbone 

and jaw line (approximately a 2-3-inch diameter), at a rate of two strokes per second. After a 2-minute rest, 

they repeated the procedure with liquid foundation. Liquid foundation with various shades were used to 

enhance the contrast of the product on the evaluation site, which allowed the panelists to visually evaluate 

the performance of the facial cleansing wipe/makeup remover wipe for cleansing the area. Panelists then 

waited for 30 minutes for the foundation to set in prior to proceeding to the evaluations.  
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Table 2-1 Full Attributes List for the Customized Descriptive Analysis Method  

For Facial Cleansing/Makeup Remover Wipes Evaluation 

 

Baseline 

Skin Feel 

In-Use Evaluation After Feel  

Product  

in Hand 

After liquid 

Foundation 

Application 

After 10 laps After 

Complete 

Removal 

Immediate 5 minutes 

Gloss Occlusion Occlusion # Added 

Laps to 

Clean 

Gloss Gloss Amount of 

Product 

 

− 

Amount of 

Coverage 

Amount of 

Coverage 

Evenness of 

Coverage 

Coolness Coolness Paper (Fabric) 

Moistness 

 

− 

Evenness of 

Coverage 

Coverage 

Evenness  

Residue 

Amount  

Facial lines Facial lines Hand Moistness 

 

− 

Amount of 

Residue 

Amount of 

Residue 

 Visual Residue Visual Residue Gritty 

Tautness    Tautness Tautness Grainy 

Occlusion    Occlusion Occlusion Lumpy 

Stickiness    Stickiness Stickiness Fuzzy 

Moistness    Moistness Moistness Slipperiness 

Slipperiness    Slipperiness Slipperiness Thickness of 

Wipe 

Roughness    Roughness Roughness Force to Gather 

 

− 

   Amount of 

Residue 

Amount of 

Residue 

Stiffness 

    Soapy film % Soapy film % Fullness of Body 

    Oil % Oil % Depth of 

Embossing 

(Macro) 

    Wax % Wax % Depth of 

Embossing 

(Micro) 

    Grease % Grease % Degree of 

Embossing 

    Silliconey % Silliconey % Translucency 

    Powder % Powder % Blotchy 

    Particulates 

(yes=1, no=0) 

Particulates 

(yes=1, no=0) 
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Table 2-2. Facial Cleansing/Makeup Removal Wipes from the Global Market 

 

Company (N) vs. Competitor (C) Region 

N (292) N.A. 

N (137) N.A. 

C (924) N.A. 

C (414) N.A. 

C (534) N.A. 

C (841) N.A. 

C (816) N.A. 

CA (195)* EMEA 

CA (392)* EMEA 

C (661) APAC 

C (217) APAC 

N (740) LATAM 

CA (643)* LATAM 

*These three products were from the same competitor’s brand 

 

Note:  

• N.A. – North America 

• EMEA – Europe, Middle East, and Africa 

• APAC – Asia Pacific  

• LATAM – Latin America 

 

 

2.3 Data Analysis 

Data was analyzed using analysis of variance with significant differences indicated using Fisher’s LSD 

at the 95% confidence level (p<0.05). Sensory perceptual maps were generated via factor analysis with 

varimax rotation to illustrate similarities and differences among all thirteen tested samples. These 

techniques allow to summarize results from the seventy-one initial attributes to a smaller set of key sensory 

dimensions that explains most of the variability among samples.  
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3. Results and Discussion 

Overall, the facial cleansing/makeup removal wipe category displayed a diversity of sensory 

experiences ((Tables 2-3 to Table 2-12).  No significant differences were perceived in baseline skin 

condition (7 attributes) and after foundation application (4 attributes) showing that the substrate, skin 

with foundation, was the same for all wipes (Tables 2- 3; Table2-4).  Of the 60 remaining attributes, 37 

showed significant differences among the samples at the 95% CL. These attributes included visual and 

tactile wipes characteristics, cleansing performance attributes, and skin perception properties at various 

time points in the afterfeel.  Thus, clear differences were noted among the sensory, including perceived 

performance, attributes. 

 
Table 2-3 Sensory Characteristics of Skin: Baseline Results 

 

Code Gloss - 

Baseline 

Tautness 

– Baseline 

Occlusion – 

Baseline 

Stickiness 

– Baseline 

Moistness 

– Baseline 

Slipperiness – 

Baseline 

Roughness- 

Baseline 

137 11.1 15.0 0.0 0.0 5.0 80.0 20.0 

195 11.1 15.0 0.0 0.0 5.0 80.0 20.0 

217 11.1 15.0 0.0 0.0 5.0 80.0 20.0 

292 11.1 15.0 0.0 0.0 5.0 80.0 20.0 

392 10.9 15.0 0.0 0.0 5.0 80.0 20.0 

414 11.1 15.0 0.0 0.0 5.0 80.0 20.0 

534 11.1 15.0 0.0 0.0 5.0 80.0 20.0 

643 11.9 15.0 0.0 0.0 5.0 80.0 20.0 

661 11.6 15.0 0.0 0.0 5.0 80.0 20.0 

740 11.1 15.0 0.0 0.0 5.0 80.0 20.0 

816 11.1 15.0 0.0 0.0 5.0 80.0 20.0 

841 11.1 15.0 0.0 0.0 5.0 80.0 20.0 

924 11.1 15.0 0.0 0.0 5.0 80.0 20.0 

 

 
 

 



27 

Table 2-4 Sensory Characteristics: Wipe In-Use Cleansing Results 

 

 

 

 

Code 
 

After Application of Foundation After 10 Laps After Complete Removal 

Occl

usio

n 

Amt of 

Cover

age 

Even of 

Coverage 

- 

Foundati

on 

Amt of 

Residu

e – 

Found

ation 

Occlu

sion - 

10 

Laps 

Amt of 

Cover

age - 

10 

Laps 

Evenness 

of 

Coverage 

- 10 Laps 

Amt of 

Residue - 

10 Laps 

# of 

Added 

Laps To 

Clean 

Even of 

Covera

ge - 

After 

Wiping 

Amt of 

Residue 

- After 

Wiping 

137 11.6 92.4 91.4 ab 78.8 6.2 7.2 5.5 bc 19.4 AB 8.1 AB 0.0 0.0 

195 13.3 92.0 92.0 a 80.4 4.6 7.1 5.4 bc 15.1 

ABCDE 

6.8 

ABCD 

0.0 0.0 

217 12.7 91.7 91.3 ab 80.4 4.8 5.8 6.7 bc 14.7 

BCDE 

5.4 CD 0.0 0.0 

292 13.1 92.2 91.3 ab 77.6 4.8 6.9 5.6 bc 17.0 ABC 6.6 

ABCD 

0.0 0.0 

392 18.9 91.8 91.3 ab 79.3 5.9 6.1 5.9 bc 16.0 

ABCD 

6.4 BCD 0.0 0.0 

414 17.1 91.9 92.0 a 80.2 4.1 8.4 6.1 bc 14.9 

ABCDE 

8.3 A 0.0 0.0 

534 12.4 91.6 91.7 ab 76.3 4.3 7.3 4.8 c 10.8 E 7.9 AB 0.1 0.3 

643 13.9 91.4 90.8 b 79.4 6.6 9.2 9.7 a 14.7 

BCDE 

7.6 AB 0.1 0.1 

661 12.7 91.5 91.4 ab 79.9 4.6 8.6 6.8 bc 19.4 AB 7.3 AB 0.1 0.4 

740 12.4 90.7 89.7 c 78.2 6.2 6.2 5.9 bc 13.2 CDE 8.1 AB 0.0 0.0 

816 11.9 91.4 90.7 bc 75.9 5.2 6.2 7.2 b 12.0 DE 7.7 AB 0.0 0.0 

841 13.0 91.8 91.4 ab 80.0 6.1 7.9 5.4 bc 19.7 A 7.2 ABC 0.0 0.0 

924 12.9 91.7 90.8 b 81.0 5.0 7.3 6.9 bc 13.4 CDE 5.0 D 0.0 0.0 

p-

value 

0.325

0 

0.3462 0.0597 0.6402 0.286

0 

0.1460 0.0844 0.0023 0.0038 0.5745 0.5719 

LSD . . 1.08 . . . 2.14 4.91 1.81 . . 

Sig 
  

* 
   

* ** ** 
  

 

Means that share a common letter within an attribute were not statistically different at the 95% confidence 

level 

*= Significantly different at 90% confidence level 

** = Significantly different at 95% confidence level 

LSD- least significant difference at 95% if p-value < 0.05. 
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3.1 Visual and Tactile Properties 

For visual and tactile properties (Figure 2-1), the horizontal axis from left to right captures thinner to 

thicker, less sturdy to more sturdy, less opaque to more opaque, and less embossed to more embossed 

wipes. The vertical axis from bottom to top is increasing moistness and smoothness of surface and higher 

amount of foundation residue left on the skin after 10 laps. C (534) and C (217) were most differentiated 

in the axis dimension. They were visually different from the other samples by having macro patterns and 

higher opacity with C (534) demonstrating more extreme ratings on these visual characteristics. From a 

texture standpoint, both of these samples were thicker and sturdier than all other samples. The samples 

differed in their grainy textured feel: C (534) was perceived to be grainier and less fuzzy than C (217). 

However, from a moistness perspective, C (534) and C (217) were similar in moistness compared to other 

products having a moderate moistness level. 

In contrast, none of the other samples, including the three Company samples, had macro embossing. 

These samples were also generally thinner and more translucent. Differences still existed among these 

samples: N (740), N (292) and CA (392, 195, 643) were directionally drier and more textured (grainy 

/gritty). These samples also felt dryer overall than samples such as C (841,661) for example. Interestingly 

all samples CA (392, 195, 643) grouped together in their visual and tactile properties despite their 

different regional market positioning. This indicates that visual and tactile cues of the wipe were built 

into brand recognition and were consistently acknowledged in the global market. Samples such as C 

(661), C (841) and N (137) were moister, along with C (414) and C (816), which also had a smoother 

texture. 
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Figure 2-1 Perceptual Map for Visual and Tactile Properties 

The three N products were consistent in the visual texture with not having macro embossing. 

However, they differentiated from each other in the moistness level and texture feeling dimension with N 

(137) being moister and less dry, and N (740) being the driest among the three. This could be explained by 

the formula differences among the three products.  No obvious reason could be associated with visual or 

texture differences among the samples except for formula differences.  

3.2 Cleaning Performance Properties 

All thirteen wipe samples cleaned the skin well. All samples removed most of the foundation from 

the cheek after 10 laps (both from a visual and tactile perspective). All samples completely removed all 

visual residue within a total of 15 to 19 laps.  
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Some small differences were found in terms of “amount of tactile residue (foundation) still present at 10 

laps” and “number of laps to fully remove foundation.” Samples that were typically drier and/or more 

textured (grainy/lumpy) such as N (740), C (534), and CA (195) left a lower amount of tactile residue on 

the skin after 10 laps, while moister & smoother samples such as C (661), C (841) or C (816) left more 

tactile residue behind.  This could be explained by the drier and more textured (grainy/lumpy) wipes 

providing more friction to the skin during removal, which helped remove more residue and leave less on 

the skin.   

From the cleaning speed stand point, C (924), C (217), C (392), C (195) and N (292) required fewer 

laps to clean and removed foundation more quickly overall than other samples such as C (413) and CA 

(643).  Additional in use testing might be needed to further tease apart differences among wipes with 

regards to cleaning performance (e.g., through the development of another module in the protocol for 

testing removal of waterproof mascara and eyeliner). 

3.3 Skin Perception Properties 

For skin perception properties including both look and feel, baseline ratings were captured before 

applying makeup products. Then ratings on all related attributes were also captured after using the 

wipes to remove the makeup products.  In comparison to the baseline skin look, all samples made the 

skin look more glossy. No other visual impacts were observed. From a skin feel perspective, all wipes left 

the skin feeling more moist and cooler than baseline. The skin was smoother and stickier than baseline in 

the immediate afterfeel. These perceptions decreased by the 5 minutes afterfeel. All CA (643, 195, 392) 

samples left the skin feeling slightly coated with residue.  This residue was mostly described as waxy, 

with some varying intensity of silicone and oily feel.   
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Differences among samples existed in the skin look and feel properties. N differed among 

themselves and from all other samples: N (137), N (292) and to a lesser extent N (740) left the skin feeling 

wetter, looking glossier and coated with a residue proportionally lower in wax and higher in oily feeling 

than all other samples. N (740) differed slightly from N (292) and N (137). While all three samples left the 

skin moderately smooth and slippery at first, the skin feel remained draggier longer with N (740). All 

three N products left the skin feeling closer to baseline in slipperiness at 5 minutes, similar to all CA (643, 

195, 392), C (414), C (924), C (217), and C (534). 

 

 

Figure 2-2 Perceptual Map for Cleansing Performance Properties 
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Figure 2-3 Perceptual Map for Skin Perception Properties 

Product C (661) stood out by leaving the skin feeling wetter, cooler, smoother, less sticky and more 

slippery than most samples at first, with a moderate but persistent drag in the 5 minutes afterfeel. C (841) 

and C (816) left the skin drier, stickier and slightly rougher and draggier than other samples at first. 

While C (816) returned to baseline in slipperiness at 5 minutes, C (841) continued to leave the skin feeling 

slightly draggy at 5 minutes.  Interestingly based on the visual and tactile perceptual map, these three 

products C (661), C (841), and C (816) were grouped together as being more moist with a smoother 

texture. However, based on look and skin feel, these three products were perceived to be very different. 

The smooth and moist surface of the textile of C (661) left the skin feeling wetter and cooler. However, it’s 

difficult to explain why C (861) and C (841) had more moist and smoother surface texture (Figure 2-1), 

even though they were perceived to be drier, stickier, and slightly rougher on the skin. It was probably 

due to formula and textile differences. 
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Summary 

The landscape overview of the sensory descriptive method applied to all thirteen facial 

cleansing/makeup remover wipes from the global markets provides detailed information on how each 

product compares to others for different sensorial characteristics. This will guide the product 

development team to fully understand their products as well as competitors’ products and support new 

product development and innovation. Consumer studies are strongly recommended to the product 

development team to further evaluate these products with consumers to build consumer technical 

models and further understand consumers’ perception on these products as well as identifying new 

product innovation opportunities. However, challenges exist for conducting this type of consumer study 

with products from different regions and testing regional products with regional consumers separately. 

This variance among consumer groups may impact the overall results. One option is to test all products 

in one country, such as USA, and also have the regional products tested with regional consumers, then 

the resulting data can be used to leverage the consumer differences and eventually build a technical 

model. Further research is worth exploring in this area, however, in a business environment, funding is 

limited, and this research has not been conducted by Johnson and Johnson yet. 

 Fragrance was not included in the attributes for the product evaluation in this research. Because 

fragrance may play a role influencing consumers’ perception and preference, future consumer research 

on these wipes should consider including fragrance questions in the questionnaire design. For cleansing 

performance evaluation, consider adding mascara and eyeliner removal as potential added 

enhancements to the current protocol to gain more learning in this area. 
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4. Conclusions 

The landscape overview of the facial cleansing/makeup remover products from the global market 

provides a big picture of how the products differentiate themselves from each other. It helps the product 

development team to understand the sensory space better to guide product innovation to compete in the 

global market. It is important to include the cleaning performance attributes to the lexicon development 

for the facial cleansing/makeup remover wipe descriptive analysis method development. This uniqueness 

also differentiates wipe evaluation from fabric or cloth evaluation or lotion/ liquid cleanser product 

categories. 

5. Supplementary Materials Tables 
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Table 2-5 Sensory Characteristics: Immediate Afterfeel Results 

Code Gloss 

– Imm 

Cooln

ess - 

Imm 

Facial 

Lines – 

Imm 

Visual 

Residu

e – 

Imm 

Tautnes

s – Imm 

Occlusi

on – 

Imm 

Stickines

s - Imm 

Moistnes

s - Imm 

Slipperiness 

- Imm 

Roughnes

s - Imm 

137 24.3 A 9.2 

BCD 

1.1 2.1 A 8.8 bc 4.5 BC 5.5 CDEF 18.3 A 72.1 A 11.7 DE 

195 18.1 

EFG 

10.4 

AB 

1.1 0.2 DE 9.2 bc 3.1 BC 5.4 DEF 14.4 BC 65.9 BCD 13.8 

ABCD 

217 20.2 

BCDE 

10.0 

ABC 

1.1 0.7 

BCDE 

9.8 b 2.8 C 6.0 CDEF 15.3 ABC 63.3 DEF 14.2 ABC 

292 21.4 

BC 

9.7 

ABC 

1.1 1.2 

ABC 

9.0 bc 4.3 BC 7.4 BCD 16.1 ABC 69.3 AB 12.2 CDE 

392 19.3 

CDEF 

11.1 A 1.3 0.0 E 8.3 c 3.4 BC 6.4 

BCDEF 

14.5 BC 65.7 CD 13.6 

ABCD 

414 18.4 

DEF 

9.4 

BCD 

1.1 0.2 DE 9.8 b 4.1 BC 7.8 BC 13.4 CD 67.4 BC 12.9 BCDE 

534 15.7 G 8.1 DE 1.1 0.7 

BCDE 

11.4 a 6.8 A 7.8 BC 10.6 D 66.3 BCD 15.7 A 

643 16.9 

FG 

7.3 E 1.3 0.0 E 9.8 b 4.0 BC 4.8 EF 14.4 BC 68.4 BC 13.3 

ABCD 

661 19.6 

BCDE 

10.3 

AB 

1.4 0.4 

CDE 

8.4 bc 3.8 BC 4.2 F 17.4 AB 67.2 BC 10.8 E 

740 21.9 

AB 

8.4 

CDE 

1.3 1.4 AB 8.2 c 3.4 BC 6.6 BCDE 15.8 ABC 66.1 BCD 12.6 BCDE 

816 18.3 

DEF 

9.9 

ABC 

1.1 1.0 

BCD 

8.9 bc 4.7 B 8.6 AB 14.8 BC 61.7 F 14.7 AB 

841 20.7 

BCD 

9.1 

BCD 

1.1 0.3 

CDE 

9.6 bc 4.3 BC 10.6 A 13.4 CD 61.9 EF 14.5 ABC 

924 19.9 

BCDE 

9.7 

ABCD 

1.1 0.5 

BCDE 

9.4 bc 3.1 BC 7.3 BCD 15.1 ABC 65.2 CDE 12.7 BCDE 

p-

value 

<.0001 0.0005 0.5199 0.0027 0.0541 0.0021 <.0001 0.0031 <.0001 0.0048 

LSD 2.50 1.63 . 0.97 1.49 1.80 2.28 3.39 3.43 2.37 

Sig ** ** 
 

** * ** ** ** ** ** 

Means that share a common letter within an attribute were not statistically different at the 95% confidence level 

*= Significantly different at 90% confidence level 

** = Significantly different at 95% confidence level 

LSD- least significant difference at 95% if p-value < 0.05. 



36 

Table 2-6 Sensory Characteristics: Immediate Afterfeel – Residue Results 

 

Code Amount 

of 

Residue – 

Imm 

Soapy 

Film % 

Imm 

Oil % 

Imm 

Wax % 

Imm 

Grease % 

Imm 

Silicone % 

Imm 

Powder % 

Imm 

Particulates 

Imm 

137 17.3 A 0.0 26.4 A 48.1 D 6.9 cd 18.6 A 0.0 No 

195 11.6 CD 0.0 3.3 C 83.1 AB 11.7 abcd 1.9 B 0.0 No 

217 13.7 BCD 1.4 3.9 C 74.2 BC 17.8 a 2.8 B 0.0 No 

292 14.6 ABC 0.6 16.9 B 63.9 C 5.3 d 13.3 A 0.0 No 

392 13.0 BCD 0.0 2.5 C 80.6 AB 13.1 abc 3.8 B 0.0 No 

414 11.3 CD 1.9 1.9 C 81.9 AB 9.2 bcd 5.0 B 0.0 No 

534 10.6 D 1.1 0.6 C 89.2 A 5.0 d 2.5 B 1.7 No 

643 10.7 D 0.0 2.8 C 79.4 AB 14.7 ab 3.1 B 0.0 No 

661 14.8 ABC 2.2 4.4 C 76.1 B 15.3 ab 1.9 B 0.0 No 

740 13.3 BCD 0.6 3.6 C 78.6 AB 10.0 bcd 7.2 B 0.0 No 

816 13.4 BCD 0.6 1.7 C 83.9 AB 8.9 bcd 5.0 B 0.0 No 

841 15.3 AB 1.1 5.6 C 73.1 BC 14.7 ab 5.6 B 0.0 No 

924 10.5 D 2.2 5.8 C 82.2 AB 6.7 cd 3.1 B 0.0 No 

p-value 0.0013 0.3028 <.0001 <.0001 0.0675 <.0001 0.4661 . 

LSD 3.61 . 6.50 11.08 7.29 5.78 . . 

Sig ** 
 

** ** * ** 
  

Means that share a common letter within an attribute were not statistically different at the 95% confidence level 

*= Significantly different at 90% confidence level 

** = Significantly different at 95% confidence level 

LSD- least significant difference at 95% if p-value < 0.05. 
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Table 2-7 Sensory Characteristics: Five Minutes Afterfeel Results 

Code Gloss -

5Min 

Coolness 

-5 Min 

Facial 

Lines- 

5Min 

Visual 

Residue 

- 5 Min 

Tautness 

- 5 Min 

Occlusion 

- 5 Min 

Stickiness - 

5 Min 

Moistness - 

5 Min 

Slipperiness - 

5 Min 

Roughness - 

5 Min 

137 16.7 A 0.5 1.1 0.0 10.7 e 3.6 1.8 BC 13.7 A 79.4 AB 13.9 CD 

195 14.7 

BCD 

0.4 1.1 0.0 12.2 abcde 5.2 1.9 BC 8.7 BC 77.7 ABCDE 15.8 ABC 

217 15.1 

ABCD 

1.1 1.1 0.0 12.6 abc 4.7 1.9 BC 8.4 C 76.8 CDEF 16.4 AB 

292 16.3 

AB 

0.3 1.1 0.0 11.7 bcde 3.9 1.2 C 11.3 AB 78.7 ABC 13.9 CD 

392 15.4 

ABCD 

0.4 1.3 0.0 10.9 de 5.4 1.9 BC 8.4 C 78.5 ABCD 14.6 BCD 

414 14.2 

CDE 

1.3 1.1 0.0 13.2 ab 3.4 2.6 ABC 8.3 C 79.6 A 15.3 ABCD 

534 12.8 E 0.6 1.1 0.3 13.4 a 4.6 4.1 A 8.1 C 78.2 ABCD 16.8 A 

643 13.9 

DE 

0.2 1.3 0.0 12.4 abcd 5.6 2.3 BC 9.6 BC 78.8 ABC 14.9 ABCD 

661 14.8 

BCD 

0.2 1.4 0.0 11.3 cde 4.1 1.5 C 9.7 BC 75.6 EF 13.7 D 

740 15.7 

ABCD 

0.6 1.1 0.0 11.3 cde 4.6 2.5 ABC 10.4 BC 76.2 DEF 15.2 ABCD 

816 14.6 

BCDE 

0.4 1.1 0.0 12.3 abcde 4.1 3.4 AB 9.7 BC 75.0 F 16.1 AB 

841 15.5 

ABCD 

0.3 1.1 0.0 11.9 abcde 5.4 4.1 A 8.4 C 77.1 BCDEF 16.8 A 

924 15.9 

ABC 

0.5 1.1 0.0 12.9 ab 4.4 2.1 BC 9.0 BC 77.3 ABCDEF 14.7 BCD 

p-

value 

0.0012 0.3531 0.4758 0.4661 0.0909 0.4355 0.0091 0.0010 0.0014 0.0149 

LSD 1.86 . . . 1.57 . 1.76 2.62 2.47 2.02 

Sig ** 
   

* 
 

** ** ** ** 

Means that share a common letter within an attribute were not statistically different at the 95% confidence level 

*= Significantly different at 90% confidence level 

** = Significantly different at 95% confidence level 

LSD- least significant difference at 95% if p-value < 0.05. 
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Table 2-8 Sensory Characteristics: Five Minutes Afterfeel-Residue Results 

Code Amount 

of 

Residue 

- 5 Min 

Soapy 

Film % 

5 Min 

Oil % 

5 Min 

Wax % 

5 Min 

Grease % 

5 Min 

Silicone % 

5 Min 

Powder % 

5 Min 

Particulates 

5 Min 

137 10.4 A 0.0 11.9 A 67.5 B 1.9 18.6 A 0.0 B No 

195 6.9 C 0.0 0.0 B 93.9 A 3.9 2.2 B 0.0 B No 

217 7.3 BC 0.8 0.6 B 90.0 A 6.4 2.2 B 0.0 B No 

292 10.1 A 0.0 8.3 A 74.4 B 0.6 15.3 A 2.2 B No 

392 7.0 C 0.0 0.0 B 93.4 A 2.8 3.8 B 0.0 B No 

414 7.2 BC 2.5 0.0 B 91.9 A 0.0 5.6 B 0.0 B No 

534 7.2 BC 0.0 0.0 B 90.0 A 0.0 2.2 B 7.8 A No 

643 7.0 C 0.0 0.0 B 92.5 A 4.4 3.1 B 0.0 B No 

661 8.3 ABC 4.2 0.6 B 86.1 A 3.3 0.8 B 0.0 B No 

740 7.0 C 0.0 0.8 B 90.6 A 3.1 5.6 B 0.0 B No 

816 7.8 ABC 0.0 0.3 B 91.4 A 2.8 3.9 B 1.7 B No 

841 9.9 AB 1.1 0.6 B 87.8 A 5.6 4.4 B 0.6 B No 

924 6.4 C 1.4 0.0 B 95.3 A 0.8 2.5 B 0.0 B No 

p-value 0.0248 0.1258 <.0001 <.0001 0.2236 <.0001 0.0022 . 

LSD 2.79 . 4.19 10.13 . 5.77 3.69 . 

sig ** 
 

** ** 
 

** ** 
 

Means that share a common letter within an attribute were not statistically different at the 95% confidence level 

*= Significantly different at 90% confidence level 

** = Significantly different at 95% confidence level 

LSD- least significant difference at 95% if p-value < 0.05. 
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Table 2-9 Sensory Characteristics: Wipes In-Use Results 

 

 

Code 

Transfer Properties Surface Properties 

Amount 

of 

Product 

Paper/Fabric 

Moistness 

Hand 

Moistness 

Gritty Grainy Lumpy Fuzzy Slipperiness 

137 54.3 AB 55.8 A 49.7 A 9.6 BCD 20.7 FG 5.0 E 23.2 AB 73.1 A 

195 43.0 E 40.7 DE 35.3 GH 13.5 A 35.6 BC 23.6 AB 18.7 BCD 63.4 BCDE 

217 48.7 CD 50.8 AB 42.9 CDEF 7.8 CD 17.2 GHI 20.3 BC 19.1 BCD 58.9 EF 

292 49.4 BC 49.2 BC 43.4 BCDE 11.4 AB 28.6 DE 12.2 D 17.8 CD 63.7 BCDE 

392 47.8 CDE 43.1 DE 39.7 DEFG 11.4 AB 32.8 BCD 13.7 CD 19.5 BC 65.4 BCD 

414 42.6 E 44.7 CD 38.3 EFG 8.0 CD 11.2 IJ 1.9 E 20.7 BC 62.9 CDE 

534 50.3 BC 38.1 EF 32.0 HI 6.6 D 45.2 A 29.1 A 11.5 E 56.7 F 

643 36.4 F 33.5 F 28.9 I 10.1 BC 31.7 CDE 22.1 B 17.7 CD 66.7 BC 

661 56.3 A 55.7 A 48.1 AB 7.3 CD 10.4 J 1.1 E 14.6 DE 66.4 BC 

740 43.6 DE 41.7 DE 37.9 FG 8.4 CD 26.1 EF 24.7 AB 26.3 A 66.1 BC 

816 42.9 E 51.1 AB 43.6 BCD 9.6 BCD 12.5 HIJ 3.0 E 23.3 AB 59.6 DEF 

841 49.8 BC 52.7 AB 49.6 A 10.2 BC 17.6 GH 5.3 E 20.3 BC 69.2 AB 

924 47.5 CDE 49.3 BC 46.1 ABC 9.3 BCD 38.6 B 19.9 BC 16.3 CD 66.0 BC 

p-value <.0001 <.0001 <.0001 0.0003 <.0001 <.0001 <.0001 <.0001 

LSD 5.52 5.56 5.12 2.98 6.27 6.76 4.75 5.88 

sig ** ** ** ** ** ** ** ** 

Means that share a common letter within an attribute were not statistically different at the 95% confidence level 

*= Significantly different at 90% confidence level 

** = Significantly different at 95% confidence level 

LSD- least significant difference at 95% if p-value < 0.05. 
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Table 2-10 Sensory Characteristics: Wipes In-Use Results Cont. 

 

 

Code 

Manipulation Properties Visual Properties 

Thickness 

Of Wipe 

Force To 

Gather 

Stiffness Fullness 

Of Body 

Depth Of 

Embossing 

(Macro) 

Depth Of 

Embossing 

(Micro) 

Degree Of 

Embossing 

(Macro) 

Translucency Blotchy 

137 65.8 EF 44.9 F 16.8 37.9 BCD 0.0 D 11.4 C 0.0 C 82.8 BC 20.3 E 

195 70.2 CD 48.3 DEF 15.3 41.9 AB 0.0 D 41.0 B 0.0 C 76.9 DE 30.6 BC 

217 75.7 B 61.6 AB 17.4 42.1 AB 28.5 B 6.8 C 55.3 B 64.6 F 29.3 BC 

292 65.9 EF 46.2 EF 16.4 37.5 CD 0.6 CD 41.1 B 0.0 C 77.2 DE 29.6 BC 

392 71.0 CD 47.6 EF 14.6 40.5 ABC 0.0 D 36.3 B 0.0 C 78.3 CDE 26.3 

BCDE 

414 70.9 CD 56.0 BC 13.6 43.3 A 0.0 D 10.6 C 0.0 C 83.7 B 21.0 DE 

534 79.9 A 63.4 A 16.0 42.7 A 84.4 A 12.0 C 93.8 A 35.6 G 44.7 A 

643 68.8 CDE 50.6 CDEF 17.4 41.6 ABC 0.0 D 39.3 B 0.0 C 73.4 E 29.7 BC 

661 69.2 CDE 46.3 EF 14.3 25.4 F 0.0 D 11.9 C 0.0 C 90.2 A 11.8 F 

740 62.9 F 57.2 ABC 13.8 32.7 E 0.0 D 35.5 B 0.0 C 76.9 DE 33.9 B 

816 67.2 DE 55.4 BCD 14.0 35.6 DE 0.0 D 10.0 C 0.0 C 78.5 CDE 21.4 DE 

841 65.9 EF 52.1 CDE 14.6 36.1 DE 5.6 C 6.3 C 0.0 C 82.1 BCD 25.3 CDE 

924 72.6 BC 45.4 EF 15.1 43.6 A 0.6 CD 50.9 A 1.3 C 73.6 E 28.4 BCD 

p-value <.0001 <.0001 0.2592 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

LSD 4.13 7.07 . 4.36 5.11 9.47 4.34 5.13 7.66 

Sig ** **   ** ** ** ** ** ** 

Means that share a common letter within an attribute were not statistically different at the 95% confidence level 

*= Significantly different at 90% confidence level 

** = Significantly different at 95% confidence level 

LSD- least significant difference at 95% if p-value < 0.05. 
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Table 2-11 Sensory Characteristics: Differences from Baseline- 

Immediate After Using the Wipes to Remove Makeup Results 

Code Delta 

Gloss - 

Imm 

Delta 

Tautness 

– Imm 

Delta 

Occlusion 

– Imm 

Delta 

Stickiness 

– Imm 

Delta 

Moistness 

- Imm 

Delta 

Slipperiness 

– Imm 

Delta 

Roughness 

- Imm 

137 13.2 A -6.2 bc 4.5 BC 5.5 CDEF 13.3 A -7.9 A -8.3 DE 

195 7.0 EFG -5.8 bc 3.1 BC 5.4 DEF 9.4 BC -14.1 BCD -6.2 ABCD 

217 9.1 BCDE -5.2 b 2.8 C 6.0 CDEF 10.3 ABC -16.7 DEF -5.8 ABC 

292 10.3 BC -6.0 bc 4.3 BC 7.4 BCD 11.1 ABC -10.7 AB -7.8 CDE 

392 8.4 BCDE -6.8 c 3.4 BC 6.4 

BCDEF 

9.5 BC -14.3 CD -6.4 ABCD 

414 7.3 DEF -5.2 b 4.1 BC 7.8 BC 8.4 CD -12.6 BC -7.1 BCDE 

534 4.6 G -3.6 a 6.8 A 7.8 BC 5.6 D -13.7 BCD -4.3 A 

643 5.1 FG -5.3 b 4.0 BC 4.8 EF 9.4 BC -11.6 BC -6.7 ABCD 

661 8.0 CDE -6.6 bc 3.8 BC 4.2 F 12.4 AB -12.8 BC -9.2 E 

740 10.8 AB -6.8 c 3.4 BC 6.6 BCDE 10.8 ABC -13.9 BCD -7.4 BCDE 

816 7.2 DEF -6.1 bc 4.7 B 8.6 AB 9.8 BC -18.3 F -5.3 AB 

841 9.6 BCD -5.4 bc 4.3 BC 10.6 A 8.4 CD -18.1 EF -5.5 ABC 

924 8.8 BCDE -5.6 bc 3.1 BC 7.3 BCD 10.1 ABC -14.8 CDE -7.3 BCDE 

p-value <.0001 0.0541 0.0021 <.0001 0.0031 <.0001 0.0048 

LSD 2.55 1.49 1.80 2.28 3.39 3.43 2.37 

sig ** * ** ** ** ** ** 

Mans that share a common letter within an attribute were not statistically different at the 95% confidence level 

*= Significantly different at 90% confidence level 

** = Significantly different at 95% confidence level 

LSD- least significant difference at 95% if p-value < 0.05. 
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Table 2-12 Sensory Characteristics: Differences from Baseline- 

5 Minutes After Using the Wipes to Remove Makeup Results 

Code Delta 

Gloss - 5 

Min 

Delta 

Tautness - 

5 Min 

Delta 

Occlusion 

- 5 Min 

Delta 

Stickiness 

- 5 Min 

Delta 

Moistness 

- 5 Min 

Delta 

Slipperiness 

- 5 Min 

Delta 

Roughness 

- 5 Min 

137 5.6 A -4.3 e 3.6 1.8 BC 8.7 A -0.6 AB -6.1 CD 

195 3.6 BCDE -2.8 abcde 5.2 1.9 BC 3.7 BC -2.3 ABCDE -4.2 ABC 

217 3.9 

ABCD 

-2.4 abc 4.7 1.9 BC 3.4 C -3.2 CDEF -3.6 AB 

292 5.2 AB -3.3 bcde 3.9 1.2 C 6.3 AB -1.3 ABC -6.1 CD 

392 4.4 ABC -4.1 de 5.4 1.9 BC 3.4 C -1.5 ABCD -5.4 BCD 

414 3.1 CDE -1.8 ab 3.4 2.6 ABC 3.3 C -0.4 A -4.7 ABCD 

534 1.7 E -1.6 a 4.6 4.1 A 3.1 C -1.8 ABCD -3.2 A 

643 2.1 DE -2.6 abcd 5.6 2.3 BC 4.6 BC -1.3 ABC -5.1 ABCD 

661 3.2 CDE -3.7 cde 4.1 1.5 C 4.7 BC -4.4 EF -6.3 D 

740 4.6 ABC -3.7 cde 4.6 2.5 ABC 5.4 BC -3.8 DEF -4.8 ABCD 

816 3.4 BCDE -2.7 abcde 4.1 3.4 AB 4.7 BC -5.0 F -3.9 AB 

841 4.4 ABC -3.1 abcde 5.4 4.1 A 3.4 C -2.9 BCDEF -3.2 A 

924 4.8 ABC -2.1 ab 4.4 2.1 BC 4.0 BC -2.7 

ABCDEF 

-5.3 BCD 

p-value 0.0007 0.0909 0.4355 0.0091 0.0010 0.0014 0.0149 

LSD 1.96 1.57 . 1.76 2.62 2.47 2.02 

sig ** * 
 

** ** ** ** 

Means that share a common letter within an attribute were not statistically different at the 95% confidence level 

*= Significantly different at 90% confidence level 

** = Significantly different at 95% confidence level 

LSD- least significant difference at 95% if p-value < 0.05. 
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Chapter 3 - Using Multiple Data Analysis Methods to Guide 

Makeup Remover Wipes Optimization in a Design of Experiments 

(DOE) Consumer Home Use Test (HUT) 

 

This Chapter is a draft of a paper that has been submitted to “Journal of Sensory Studies,” 

and, therefore, follows the format of that journal. 

 

 Abstract 

 

To stay ahead of the competition companies often look at the product category for 

optimization. A consumer design of experiments (DOE) study was conducted to gain knowledge 

on the best product feature combination that will maximize consumer appeal and purchase intent. 

A blind, sequential monadic, 6-weeks Home Use Test (HUT) with a balanced incomplete block 

design (BIBD) was conducted with 963 consumers in the U.S. and the U.K. Eighteen prototypes 

were selected with different combinations of four factors (formula, thickness, weight, lotion add-

on). Each participant evaluated six out of the eighteen prototypes. Weekly online questionnaires 

were used to capture questions covering overall liking, purchase intent, skin feel, texture of the 

fabric, etc. A simulation model was generated to identify best factor combination with highest 

Purchase Intent and Overall Liking for product optimization.  Driver’s Analysis, Sensitivity 

Analysis, and Penalty Analysis provided more in-depth understanding on product performance. 

The learning from this study guided the product development team to determine the 

factor combination for the product optimization and provide direction on future planning for the 
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category. New data analysis method not often used in the sensory and consumer research field, 

Sensitivity Analysis, applied to this research offered a different angle understanding the factors 

that impacted Overall Liking and Purchase Intent.  

 

Practical Applications 

 The use of multiple analyses with studies such as a DOE or other category appraisal type 

studies can provide additional information to researchers and help to identify both those aspects 

that drive acceptance or purchase intent as well as those factors that could reduce consumer 

interest.  Although the information sometimes may appear “at odds with each other”, careful 

study often provides insights that may have been lost without the additional analyses. 
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Introduction 

 

Design of experiments (DOE) is defined as a powerful data collection and analysis tool 

that applies statistics to evaluate the factors that control the value of a parameter or group of 

parameters (De Feo, 2016). It has been widely used in a large variety of academic and industrial 

fields. In product development, the product developer is typically interested in understanding 

how different formulations and processes impact the technical and sensorial experience of the 

final product and ultimately determine which factor combinations provide the optimal output 

(Ketelaere, et al., 2011; Nas et al., 2014). It often is used in quality control, cost saving, etc. For 

example, for an ingredient change project, the product developer could investigate different 

ingredient variables to determine which combination of the ingredients would make the 

prototype closest to the current in-market product.  

Additional analyses, such as driver’s analysis and penalty analysis, can be applied to 

DOE studies to further understand the product performance and factors that drove consumers’ 

preference and perception.  Driver’s analysis and penalty analysis have been widely used in 

sensory and consumer research field (e.g. Gere et al., 2017; Waehrens, 2018; Laureati et al., 

2017; Muñoz, Chambers, and Hummer, 1996;.  Sensitivity analysis also can be used with DOE 

data, although we did not find it used for sensory data.   

Driver’s Analysis quantifies the importance of a series of predictor variables in predicting 

an outcome variable. Driver’s Analysis is used to uncover what is factors are most important to 

consumers in driving behavior. In short, it helps to better understand where to focus priorities 

when developing or trying to improve a product.  Correlations between the scores for Purchase 

Intent or Overall Liking versus those of the variables (such as, product attributes like 
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performance effectiveness, fragrance etc.) are then calculated to see whether there is evidence of 

a relationship between them. If there is a positive correlation between Overall Liking and the 

product attribute, then the attribute is said to drive Overall Liking in a positive direction.   

Penalty Analysis, or mean drop analysis, often is used by market researchers and product 

developers to gain an understanding of the product attributes that most affect the “reference” 

variable, such as Overall Liking, Purchase Interest, or any other product-related measure. In most 

cases, it associates how changes in the JAR level as being “too low/weak” or “too high/strong” 

impact the changes in the reference variable (Lawless & Heymann, 1998; Plaehn, 2013). Penalty 

Analysis measures the change in the reference variable, such as Overall Liking or any other 

measure, due to that product having “too much” or “too little” of the attribute of interest.  

Sensitivity Analysis refers to the analysis of the degree of output uncertainty of a 

mathematical model or system (Saltelli, 2002; Saltelli et al., 2008). It was defined by Saltelli 

(2002) as “the study of the relative importance of different input factors on the model output” or 

“the study of how the uncertainty in the output of a model (numerical or otherwise) can be 

apportioned to different sources of uncertainty in the model input”.  Sensitivity Analysis is used 

in finance, economics, or biomedical fields as a method to determine how different values of an 

independent variable impact a particular dependent variable under a given set of assumptions (Li 

Wan Po, A., 2007; https://www.investopedia.com/terms/s/sensitivityanalysis.asp). In another 

words, it is possible to determine which of the tested factors have higher impact on the output 

under certain controlled conditions.  Alan et al. (2016) studied how the variation in the output of 

a system can be apportioned to different input parameters for the agent-based modeling using 

Sensitivity Analysis. It determined how the change of input parameters would affect the change 

https://www.investopedia.com/terms/s/sensitivityanalysis.asp
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of the output in immunology. Sensitivity Analysis evaluated the influence of parameters, ranked 

the significance of parameters based on their influences, and quantified uncertainty of the model.  

In sensory research, Sensitivity Analysis could be applied to consumer studies to 

understand which of the pre-determined physical factors in the DOE design have higher impact 

on Purchase Intent and Overall Liking.  Combining it with other analyses, could help better 

understand the complexities of the important factors impacting Purchase Intent and Overall 

Liking. 

Overall the objective of this research is to use a Consumer Home Use Test (HUT) in a 

design of experiments (DOE) approach with multiple data analysis methods to identify best 

product feature combinations that maximize consumers’ Overall Liking and Purchase Intent to 

guide product development on prototype selection. 

 

Material and Methods 

In this research, DOE is applied to a consumer study. The design factors include different 

formulations, various levels of physical factors for the wipes, and the outputs are answers to 

consumer perceptible questions including purchase intent and overall liking. A simulation model 

was developed to identify the best factor combination that yields the highest purchase intent and 

overall liking. 

 

Study Design 

For a typical nonwoven wipe product, the basic composition is the fabric and the 

liquid/lotion. For fabric, the thickness, weight, pattern or embossing are factors that differentiate 

wipes while the formula for the “juice” (liquid/lotion) is differentiated by its composition 
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emollient, surfactant, modifier, preservative, soothing agent, etc. The amount of the liquid/lotion 

add-on is another factor that impacts the overall wipe properties. 

For this research, four physical factors (formula, weight, thickness, lotion add-on/juice 

amount) were considered in this study for the Design of Experiments (DOE) approach. Two 

formulas (A: lotion based and B: water based), three thickness levels, three weight levels, and 

three lotion add-on/juice amount were included (Table 3-1).  Among the fifty-four combinations 

from the factor design, eighteen prototype wipes with different factor combinations were tested 

using a quasi-central composite design (Table 3-2).  Not all combinations in the full central 

composite design were possible (e.g. high lotion on a low weight, thin wipe), which made a full 

central composite design impossible. A base product (#208) was set as formula A with medium 

thickness, medium weight, and medium lotion add-on, which had the same physical factors of 

the current in market product (thickness, weight, and lotion add-on).   

 

Table 3-1 Factorial Design for Facial Cleansing/Makeup Remover Wipes 

Formula Thickness Weight Lotion Add-on 

(Juice Amount) 

A 

(Lotion based) 

Low Low Low 

B 

(Water based) 

Medium Medium Medium 

__ High High High 
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Table 3-2 Full Product List for the Consumer DOE Study 

Prototype 

Identification  

Blinded Code 

Number 

Formula Thickness Weight 

Lotion- Add 

On 

A 208* A Medium Medium Medium 

B 953 A High Low Low 

C 741 B Low Low High 

D 392 B Low Medium Medium 

E 185 B Medium Low Medium 

F 479 A Medium Medium High 

G 627 B High High Low 

H 534 A High Low Medium 

I 860 A Low Medium Medium 

J 291 B Medium Medium Low 

K 783 A High High High 

L 604 B Medium Low High 

M 918 B High High High 

N 426 A Low Medium High 

O 592 A Medium Low Low 

P 165 B Low Low Medium 

Q 370 B High Medium Low 

R 813 A Medium High Medium 

* Wipe 208 is the “base product” which was evaluated by all participants. 
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A blind sequential-monadic 6-weeks Home Use Test (HUT) with a balanced incomplete 

block design (BIBD) was used. The study was conducted in the U.S. and U.K.  A total of 962 

consumers (502 from U.S. and 462 from U.K.) who qualified based on the recruitment criteria 

completed the study. Each participant tested six prototypes among the eighteen prototypes. The 

base product was tested by all participants as part of design. 

A kit which included 6 wipe prototype packages based on the BIBD design and 

instructions for use were mailed to each of the participants.  They were instructed to use each 

wipe prototype at least once a day for 5 days each week at home to remove their makeup and 

complete an online questionnaire at the end of the week. Consumers were allowed to use 

multiple pieces each time if needed.  Randomization was applied to the study design with 

instruction sheet provided to each participant to show which product to use each week.  

 

Participants’ Profile 

All participants met the following inclusion criteria: Females, 18-35 years old (equal split 

among 18-24 years old, 25-29 years old, and 30-35 years old); Regular users of both facial 

cleanser & moisturizer (defined by use of both at least 1x per day, 3 to 4 days per week in the 

past 3 months); regular users of face and/or eye makeup (defined by use at least 3x per week or 

more in the past 4 weeks); mix of users and non-users of water resistant eye makeup; mix of 

makeup remover (MUR) wipes regular users and considerers (~1/3 of J&J MUR wipe users, 

~1/3 of competitors’ wipe users, ~1/3 of wipe considerers). MUR wipe users were defined as 

consumers who used facial cleansing/makeup remover wipes at least once per day 5 days a week 

or more in the past 3 months; MUR wipe considerers were defined as consumers who had not 
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used facial cleansing/makeup remover wipes in the past 3 months, but were using another 

product to remove makeup at least 1-2 times per week or more or they used facial 

cleansing/makeup remover wipe less than once per week, or 1-2 days per week, but also used 

another product to remove makeup at least once per day 1-2 times per week or more. 

The age range selected, 18-35 years old, was based on the main makeup remover wipes 

consumers’ age range as defined by marketing and sales data. Ensuring that a portion of the 

participants used water-resistant eye makeup was in consideration of makeup trends that have 

promoted use of water proof/resistant long-wearing makeup.  Each of the wipe user groups (J&J 

users and competitors’ users) and the wipe considerers group had at least 150 consumers in each 

country to complete the study ensured enough samples size for each group and also enough for 

segmentation analysis and comparisons between the different groups.   

The U.S. and Europe (mainly the U.K. and France) are the largest facial cleaning/makeup 

remover wipe markets.  The U.K. has a higher incidence rate (the percentage of users) than 

France for facial cleansing/makeup remover product category based on market insights. 

Therefore, the U.S. and U.K. were selected as the two countries to conduct this study. Because 

no existing information was available regarding whether the U.S. and U.K. consumers had the 

same perception and preference for this product category, both countries were tested to gain 

knowledge on regional differences.   

  

Online Survey 

An online questionnaire was emailed to participants on a weekly basis to capture their 

answers for each product. Overall liking, purchase intent, likelihood to recommend to a friend, 

and whether the product was considered new and different were asked on a 5-point scale. 
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Performance related questions were asked to capture consumers’ perception on wipe properties 

such as durability, texture, ease of use, skin feel, etc. using a 5-point intensity or Just About 

Right (JAR) scale. 

 

Table 3-3 Demographics of Participants in the DOE Study 

 

 

 

Data Analysis 

In DOEs studies, simulation models typically are generated to determine which factors 

have the greatest impact on the performance measurements of interest. Meanwhile, models also 

are developed to identify the factor levels either tested or untested that predict the ideal output or 

the optimized simulation response based on the important factors. In this research, a simulation 

model was developed that analyzed what combination of wipe factors (formula, thickness, 

weight, lotion add-on) and levels (both tested wipe configurations and untested) would yield the 

highest Purchase Intent. The correlation between Overall Liking and Purchase Intent was high 

(~0.9) and results were virtually identical for each analysis.  Thus, Purchase Intent was used to 
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show the impacts in this study. Results obtained for analysis of Purchase Intent also are 

applicable to Overall Liking  

Top 2 Box(T2B)/Bottom 2 Box(B2B) frequency tables were generated to compare the 

performance of all tested prototypes. Drivers’ Analysis, Sensitivity Analysis, and Penalty 

Analysis were performed to understand the results from different aspects.  

Driver’s Analysis derived the relative importance of each facial makeup remover wipe 

feature on Purchase Intent. All attributes asked in the questionnaire were taken into 

consideration.  

Penalty Analysis was conducted to understand how “too much” or “too little” of the 

consumer perceived attributes (amount of wetness, amount of moisture of the wipes when you 

first take them out of the package, thickness of the wipes, softness of the wipes, weight of the 

wipes, fabric durability of the wipes, amount of fragrance left on skin, amount of fragrance in-

use) impacted consumers’ Purchase Intent scores.  

The impact of each wipe’s features (formula, weight, thickness, lotion add-on) on 

Purchase Intent were the key criteria for Sensitivity Analysis. Sensitivity Analysis helps in 

identifying the key wipe factors to consider when selecting what combination of wipe factors and 

levels for the final wipe design. When interpreting Sensitivity Analysis results, data that is 

greater than or equal to 0.1 indicates a notable difference, whereas anything less is relatively 

small.  
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Results and Discussion 

Wipe Performance 

The U.S. and U.K. had similar results. There were no significant differences in key 

metric ratings (Purchase Intent, Overall Liking, Likelihood to recommend) between the U.S. and 

U.K. on any of the MUR wipes. Previous internal market research studies have showed 

differences in consumer behavior between Asian consumers and Western consumers in makeup 

usage, regimen, as well as makeup remover usage.  This data confirmed that the consumers’ 

preferences for MUR wipes is similar within two Western countries: U.S. and U.K. wipe users.  

Based on this result, data was combined for the two countries for further analysis.   

The four top performing wipes were identified among the eighteen prototypes tested 

based primarily on Purchase Intent (PI), Overall Liking (OL), and Likelihood to recommend to a 

friend (Likelihood to recommend).  All four prototypes had formula A with medium to high 

lotion-add on. This indicated that the formula B did not work as well as formula A when 

combined with wipes. Since all four top performers had medium to high lotion add-on, low 

lotion add-on did not seem to meet the performance expectation when determining the options 

for lotion add-on. This suggests that a minimum amount of juice/lotion add-on was required to 

provide the needs for efficiently removing makeup and providing the hydration and preferred 

skin feel.  The medium level of juice was the minimum for this study.  

Among the four top performers, wipe 783 (Formula A, high thickness, high weight, high 

lotion add-on) outperformed the others consistently across countries and segments on being new 

and different.   
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Table 3-4 Top Wipe Performers for the Consumer DOE Study  

Product  

Code 

Formula Weight Thickness 

Lotion  

Add-on 

Purchase 

Intent (PI) 

783 A HIGH HIGH HIGH 64% 

534 A LOW HIGH MEDIUM 59% 

426 A MEDIUM LOW HIGH 59% 

208 A MEDIUM MEDIUM MEDIUM 58% 

 

Current wipe users rated the wipes higher on key metrics than did wipe “considerers”.  

Wipe considerers were identified as those consumers who are currently not using makeup 

remover wipes to remove makeup, but use other products, such as makeup remover oil, lotion, 

cleanser, etc. to remove makeup. Since they were less familiar with this product category, it is 

reasonable that their ratings were not as high as current wipe users for the same prototype tested. 

However, both groups liked the same wipes. 

 

Optimization Model 

 In addition to understanding the performance of the eighteen prototypes, an important 

learning of this consumer DOE study is to develop an optimization model. Based on the 

optimization analysis and simulation model (Purchase Intent vs formula, thickness, weight, 

lotion adds-on) a wipe configuration that was not tested as a prototype in the HUT received the 

top Purchase Intent score. The combination of formula A with high weight and thickness, and 

medium lotion add-on was predicted to have 70% Top 2 Box ratings in Purchase Intent. Of 

course, as in many industries, the top predicted product may not meet cost or profit margin 
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constraints that must be considered. In this case, the base cost for this optimized combination 

would be too high to produce an appropriate profit margin for the company.  Thus, this 

combination remains only a theoretical option at this time. The team must consider other 

prototype options that meet the profit needs but still maintains high Purchase Intent. This is one 

of the major differences when conducting studies for purely scientific and academic purposes 

rather than for the business needs for a company. Several other options could be considered 

based on the Purchase Intent score as well as different thickness and weight levels. In this 

research, it’s clear that formula A and medium lotion adds-on are must haves. The factors that 

can be adjusted are the thickness and weight of the wipe. Those factors cannot be on the low end 

because they may not be able to hold the medium level of lotion adds-on, which could make the 

manufacturing process impossible. This practical consideration is critical to consider in a 

business scenario. Based on the above analysis as well as other practical factors to consider, the 

two other options recommended were the low weight, medium thickness or medium weight, low 

thickness with both formula A and medium lotion add-on.  

 

Driver’s Analysis 

As shown in Figure 3-1, Fabric (weight, thickness, softness, durability, etc.) represented 

the largest driver of Purchase Intent (30%) among a total of 30 attribute questions asked, which 

indicated that consumers’ perception of the fabric properties had the largest impact on Purchase 

Intent of each wipe prototype. Skin feel, such as feeling soft, feeling moisturized, feeling gentle, 

etc., is the second, perhaps equally important category of attributes contributing to the driver of 

Purchase Intent.  That category includes effects on the skin that are both fabric and juice related. 
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Figure 3-1 Driver’s Analysis Factor Groupings and Impact on Purchase Intent  

 

Note:  Groupings are: 

• Fabric – Thickness, softness, weight, durability, gentleness, texture 

• Look & Feel of Skin after use – Not shiny, not greasy, soft, moisturized, comfortable, clean, suitable for skin, 

did not have to wash face after use 

• Lotion Add-On – Level of wetness/moisture, stickiness, did not dry out, no unpleasant or oily residue 

• Fragrance – Left on skin, in-use, overall fragrance, suitability of fragrance 

• Cleansing Effectiveness – Cleansing makeup in general, cleansing water resistant eye makeup 

• Ease of Use - Ease of reaching into to the curves, corners, and hard to reach areas, overall ease of using to 

remove makeup 

 

For all consumers regardless of location (U.S. vs U.K.) or user types (brand user vs non-

brand user vs considerer) the fabric characteristics and the skin look and feel after use were the 

top categories driving Purchase Intent. Understanding these drivers can provide guidance to the 

Fabric, 30%

Look & feel of 

Skin after use, 

28%

Lotion Add-On, 

18%

Fragrance, 13%

Cleansing 

Effectiveness, 6%

Ease of Use of the 

Wipes, 5%
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product development team when making decisions on prototype adjustment for attribute focus 

and selection.  

 

Sensitivity Analysis 

The four physical factors (formula, thickness, weight, and lotion add-on) for wet wipes 

were considered in the Sensitivity Analysis. The results in Figure 3-2 showed that respondents 

were most sensitive to lotion add-on and formula versus weight (weight of the fabric before 

adding lotion/juice) and thickness (thickness of the fabric before adding lotion/juice). This 

probably was due to larger differences in the two formulas and lotion add-on levels compared to 

the smaller differences between the levels of thickness and weight.  

Based on the Sensitivity Analysis, a low and high lotion add-on content and formula B 

had the greatest negative impact on Purchase Intent.  The “Medium” lotion add-on appeared to 

be the ideal level that did not add any negative impact. Formula A was the preferred formula. No 

differences were found between countries for the Sensitivity Analysis (Figure 3-3).  

Some of these results appear to be in direct contrast to the Driver’s Analysis results, 

where consumers’ perception of weight and thickness were the top drivers of Purchase Intent.  

However, it also should be noted that in the Sensitivity Analysis, factors that promoted negative 

Purchase Intent were highlighted, whereas the Driver’s Analysis found those items that drove 

positive Purchase Intent. The two analyses complement each other in that the Driver’s Analysis 

determined those aspects that could be changed to promote a positive experience with the 

products and increase Purchase Intent, while the Sensitivity Analysis showed that the impact of 

negative aspects such as low amounts of lotion or using formula B could be devastating to the 
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Purchase Intent regardless of any positive aspects that are built into the product.  This key 

finding shows the benefit on conducting several analyses with such data. 

 

Figure 3-2 Sensitivity Analysis on Purchase Intent for both U.S. and U.K. 

 

 

Respondents in the U.S. and U.K. both showed the most sensitivity to lotion add-on and 

formula (Figure 3-3). Formula A was a must for both countries as is using a medium lotion add-

on. Respondents in both countries were much less sensitive to wipe weight and thickness. 

However, the U.S. result showed a slight preference for a higher weight while the U.K. showed 

small a slight preference for high thickness.  
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Figure 3-3 Sensitivity Analysis on Purchase Intent for the U.S. vs. U.K. 

 

 

Similar to the U.S. and U.K., current wipe users and wipe considerers (non-wipe users) 

were most sensitive to lotion add-on and formula (Figure 3-4). Formula A and medium lotion 

add-on was optimal among both wipe users and considerers. Both wipe users and considerers 

were much less sensitive to wipe weight and thickness. However, wipe considerers showed a 

slight preference for a low thickness wipe. 
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Figure 3-4 Sensitivity Analysis on Purchase Intent for Wipe Users vs. Wipe Considerers 

 

 

Similar results again were found between J&J wipe users and competitors’ wipe users 

(Figure 3-5). For J&J wipe users, high thickness level helped drive the Purchase Intent while for 
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Figure 3-5 Sensitivity Analysis on Purchase Intent for J&J Wipe Users vs. Competitors’ 

Wipe Users 
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wipe users (Figure 3-9). Only for non-wipe users/wipe considerers (Figure 3-10), fragrance (both 

in use and left on skin) also displayed a strong penalty for Purchase Intent. 

 

Figure 3-6 Penalty Analysis for U.S. and U.K. 
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Figure 3-7 Penalty Analysis for All Wiper Users 
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Figure 3-8 Penalty Analysis for J&J Wipe Users 

 

 

 

 

 

 

 

 

 



67 

 

Figure 3-9 Penalty Analysis for Competitors’ Wipe Users 
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Figure 3-10 Penalty Analysis for Wipe Considerers 
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The three analyses, Driver’s Analysis, Sensitivity Analysis, and Penalty Analysis 

reviewed the result from different perspectives. Driver’s Analysis targeted the specific attributes 

asked in the questionnaire that had the highest impact on Purchase Intent and/or Overall Liking. 

Sensitivity Analysis emphasized different dependent variables as it focused on which of the 

physical factors selected in the original DOE design had the highest impact on Purchase Intent 

and/or Overall Liking. Penalty analysis focused on Just About Right (JAR) attributes to 

understand how the pluses and minuses of each of the JAR attributes impacted the Purchase 

Intent and/or Overall Liking. 

In this research, the Sensitivity Analysis showed thickness and weight of the fabric were 

not “sensitive” factors compared to formula and lotion add-on. The Driver’s Analysis indicated 

that consumers’ perception of fabric properties, especially weight and thickness, were main 

drivers that impacted the Purchase Intent. The results seemed contradictory to each other. 

However, the two analyses were different and there were reasons explaining the different results, 

which may not necessary indicating conflict. 

First, the two analyses had different focus. Sensitivity Analysis took the four physical 

factors (formula, thickness, weight, lotion add-on) from the DOE design into consideration to 

understand which factors have higher impact (negative or positive) on Overall Liking and 

Purchase Intent. The weight and thickness were the physical measurements of fabric weight and 

thickness without adding the juice. Driver’s Analysis took all the attributes asked in the online 

questionnaire into consideration to understand which attributes drive consumers to give higher 

ratings on Overall Liking and Purchase Intent. These attributes from the Driver’s Analysis were 

based on consumers’ perception, not actual physical measurements of the attributes. The weight 

and thickness that consumers perceived were based on the whole wipe product, which already 
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included the juice amount/ lotion add-on. In addition, the perception of certain attributes could be 

impacted by their perception on other attributes as well. For example, their perception on 

thickness could be influenced by their perception on texture, softness, gentleness, and durability 

of the fabric for one particular prototype. The Driver’s Analysis also tends to focus on the drivers 

of positive performance (i.e. higher purchase intent). 

Secondly, in Sensitivity Analysis, the differences within each physical factor played an 

important role on the results. For example, formula A was lotion based and formula B was water 

based, the large differences between the two formulas may have over powered the differences 

between thickness and weight, which made formula as the more “sensitive” factor impacting 

Overall Liking and Purchase Intent. Similar reasons could be applied to lotion add-on also being 

the more sensitive factor comparing to thickness and weight. The differences between the three 

levels for thickness and weight were relatively much smaller, therefore the sensitivity impact was 

masked by formula and lotion add-on differences.  

Based on Penalty Analysis, the results showed that wipes being too rough or too dry had 

the greatest penalty to potential to purchase. A too weak, too light, and a too thin wipe also 

displayed strong penalties to a smaller percent of respondents. These findings aligned somewhat 

with the Driver’s Analysis and Sensitivity Analysis results that “weight,” which might be related 

to “too dry” (i.e. low weight of juice)  and “too light” (i.e. low weight of fabric) from the Penalty 

Analysis, and “thickness,” which related to “too thin” from Penalty Analysis, were important 

impacting the consumers’ perception on Overall Liking and Purchase Intent. Both of the 

“weight” and “thickness” related attributes from Driver’s Analysis and Penalty Analysis were 

consumer perceptible characteristics asked in the online questionnaire, while “weight” and 

“thickness” from the Sensitivity Analysis were the physical measures of the fabric without juice. 
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Going through the learning from these three different analyses provides the product 

developer considerable guidance on what attributes to focus on to maximize consumers’ 

perception, minimize problem factors, and improve Purchase Intent determination. It’s important 

to understand the data from various different perspectives supplied by the different analyses, 

which can provide alternative and more in-depth perspectives, to gain full understanding and 

explanation.  

    

Conclusions 

 

 The consumer Home Use Test (HUT) with DOE approach generated a simulation model 

to predict which combination of physical factors yields the highest consumer ratings in Purchase 

Intent or Overall Liking. Combined with additional analysis (Driver’s Analysis, Sensitivity 

Analysis, and Penalty Analysis), guidance was provided on what attributes to focus on for 

product development and optimization for the facial cleansing/makeup remover wipe category.  

Sensitivity Analysis, an innovative approach, which we introduce to the sensory and 

consumer research field, provided a different perspective from traditional Driver’s Analysis and 

Penalty Analysis.  This helps in further understanding of which factors in the DOE design have 

higher impact on Purchase Intent or Overall Liking. The holistic understanding of the results 

using all three analyses avoided biased conclusion and provided more learning to guide product 

development. 
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This Chapter is a draft of a paper that has been submitted to “Journal of Industrial 

Textiles” and, therefore, follows the format of that journal. 

Abstract 

Product development teams frequently develop many prototypes to be screened before 

launching into the marketplace.  Although it could be useful to gain customer feedback 

on each prototype, constraints, such as tight timelines, budget, etc., mean that it is not 

practical to conduct consumer research on each one. For facial cleansing/makeup 

remover wipes innovation, a design of experiments (DOE) study was conducted to help 

the team optimize the product based on consumer feedback of prototypes.  Then a 

predictive model based on the consumer results and in-vitro lab measurements for the 

makeup remover wipes was developed that could aid in future reformulation efforts of 

the textile base as well as the “juice” or lotion add-on. A consumer DOE Study was 

conducted on eighteen prototypes to help optimize the variables. Makeup remover 

wipe users and wipe considerers (n=963) from the U.S. and U.K. participated in the 

study. In-vitro lab measurements were also conducted on the same eighteen prototypes 

covering relevant attributes. Partial Least Square (PLS) regression was applied with a 

cross validation procedure to build a predictive model between the in-vitro and 

consumer research results.  Scatter plots between consumer and in-vitro lab results 
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showed good directional trends between consumer perception and lab method on 

cleansing properties, softness, and gentleness. Model equations were developed for 

those measures. Future validation is needed prior to implementation. The validated 

model will enable use of in-vitro results to predict consumer ratings for prototype 

screening. The predictive model can provide a quick and efficient way for facial 

cleansing/ makeup remover wipe prototype screening, which will conserve resources 

and improve efficiency for the business. 

 

Keywords 

PLS, Predictive Model, Consumer Perception, In-Vitro Lab Measurements 

 

Introduction 

Product development teams develop many prototypes that must be screened before selecting one 

or more products to launch in the marketplace.  Although it may be useful to gain customer 

feedback on each prototype, it is unrealistic to conduct consumer research on each prototype.   

Consumer studies can be difficult when the amount of each prototype is limited, and because the 

research can be both costly and time consuming to conduct.  Laboratory measurements usually 

are easier and quicker and may take far less product prototype for testing.  Thus, building a 

model of consumer behavior (i.e. Purchase Intent) vs laboratory measures can allow the research 

team to conduct other measurements, such as instrumental or descriptive sensory measures to 

predict consumer perception. 

Different statistical modeling techniques have been used to link consumer perception data to 

descriptive analysis results, instrumental measurements, or both, in the sensory and consumer 

research field for both food and non-food categories [1-3].  The techniques used most often 

include multiple linear regression (MLR), Principal Component Regression (PCR), and Partial 

Least Square (PLS). These regression methods work well for variables that have a linear nature 

[4]. PCR and PLS have been found to show advantage over MLR in handling highly correlated 

explanatory variables (X-data) [5] and also when there are more explanatory variables than 

object variables.  
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Preference Mapping, which includes Internal Preference Mapping (IPM), Multidimensional 

Preference Mapping (DMPref) or External Preference Mapping (EMP or PrefMap), is one of the 

most popular mapping approaches applied in the sensory and consumer research field [6-8]. 

Internal (MDPREF) and external (PrefMAP) preference mapping are based on the Principal 

Component Regression (PCR) method that uses consumer preference and descriptive analysis 

data. The Internal Preference Mapping (MDPref) method was first proposed by Carroll [9]; it 

projects the product space based on the liking scores from the consumer study with sensory 

attributes regressed into this space to explain the differences in liking.  External preference 

mapping (PREFMAP), first described by Schiffman et al. [10], uses a mapping space based on 

the descriptive sensory differences between the products and then regresses liking scores of each 

consumer on the PCA results through a vector, circular, elliptical or quadratic model [11-13].  

Care must be taken because the original data can be manipulated depending on the analysis 

method to provide various answers [14].  Additionally, the impact of the preference mapping on 

the product clusters must be taken into consideration [15]. 

Worth [16] proposed a new methodology called PrefMFA, which is based on Multiple Factor 

Analysis (MFA). It is a method in between internal and external preference mapping and takes 

the dimensions from the “common” product space between external (usually descriptive analysis 

data) and the consumer hedonic scores in the individual regression. The PrefMFA methodology 

takes two data sets into consideration. Hierarchical Multiple Factor Analysis (HMFA), which is 

an extension to PrefMFA, applies when more than one external matrix is available to be 

regressed [17]. For example, one external data set is descriptive analysis data and one external 

data set is instrumental measurement. 

Partial Least Square (PLS) or Partial Least Square Regression (PLSR) is another statistical 

regression method that has been used increasingly to link consumer data with laboratory data 

such as descriptive analysis data [18-21]. The PLS method extracts a few linear combinations 

(PLS-components or latent variables) of the laboratory data that are used to predict the 

systematic variation in the consumer preference data. Helgesen et al. [18] described the 

difference between PrefMAP and PLS. For each component, PLS maximizes the covariance 

between a linear combination of the laboratory variables and a linear combination of the 

consumer preference variables. Therefore, it may potentially provide more consumer relevant 

components than the PrefMAP as PrefMAP is based on a Principal Components Regression 
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(PCR) that does not account for latent variables. There are two common types of PLS techniques 

named PLS1 and PLS2. PLS1 works on one of two sets of data, usually a single column of 

scores. PLS2 works on both sets of data that are multidimensional in nature [22-23]. The 

advantage of PLS over PCR has been demonstrated through some simulated studies [24-25]. The 

PLS model was created to explain data based on both the explanatory variables (X-data) and 

dependent variables (Y-data). In contrast, the PCR model only uses the explanatory variables (X-

data) as an independent data set. This requires more components, which complicates 

interpretation of the model and increases the risk of over-fitting [2].  

In summary, PCR and PLS methods are better choices than MLR. However, due to their 

dependence on linear data, they do not sufficiently address non-linear data, common in 

laboratory and consumer liking data [26-27], so other options were explored by researchers.  

Artificial Neural Networks (ANNs) is an alternative statistical technique that works well with 

non-linear data sets [28-29]. ANNs is regarded to be more intelligent than the traditional 

statistical regression methods due to its robustness to noise and inconsistencies in the data, and 

handling of complex data sets [30-31]. Krishnamurthy et al. [4] compared ANNs to conventional 

regression methods (MLR, PRC, PLS) by linking consumer liking data to laboratory measures 

for beef bouillon product evaluation. They concluded that those various statistical methods had 

similar results with ANNs with the primary advantage of ANN being a single model to predict 

consumer liking for different segments of consumers while conventional methods needed 

separate models for each cluster of consumers.  

Building a predictive model between consumer and lab measurements has not been explored 

much in the textile and wipe product category. Kaplan et al. [32] conducted research to compare 

instrumental and subjective evaluation of wet wipes. For the objective evaluation, physical 

characteristics, such as thickness, weight, porosity, fiber orientation, etc. were measured. 

Subjective hand and wipe performance (feeling of softness, dampness, roughness, bending, etc.) 

was conducted using a 5-point subjective rating scale (1-Do not feel at all to 5- feeling 

completely) with ten females who were wipe frequent users (ages falling between 25-40 years 

old) in a clinical style study. Correlation analysis was conducted to understand the relationship 

between the instrumental and subjective measurements, however no statistical regression model 

was developed in their research due to the different objectives of the research as well as limited 

data collected.  
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Koenig et al. [33] developed a rapid bench in-vitro method to predict in-vivo skin abrasion 

(friction) caused by wiping of dry tissue against skin. Those authors used the bench assay to 

measure coefficient of friction (CoF) and compared these results with clinical results measured 

on Transepidermal water loss (TEWL) and laser scanning confocal microscopy (LSCM) images 

before and after wiping of the same dry tissue material.  A moderate correlation was observed 

between the bench assay and the clinical results, therefore a rapid and inexpensive skin 

gentleness method for cleansing material was concluded. Their research also used in-vitro 

measurements of cleansing wipes to correlate with in-vitro gentleness and soft feel based on 

consumer measures.  That research used correlation rather than regression to actually predict 

effects.     

Based on the overview of the potential to use laboratory measures to predict consumer 

responses, the objective of this research was to to aid in rapid prototype screening by building a 

predictive model between consumer perception and in-vitro laboratory measurements for facial 

cleansing/makeup remover wipes using the Partial Least Square (PLS) regression method. 

 

Materials and Method 

Overview 

A consumer design of experiments (DOE) study was conducted to gain consumers’ 

perception on eighteen makeup remover wipe prototypes, which had combinations of four 

factors, Formula, Fabric Thickness, Fabric Weight, and Lotion add-on, with different levels.  The 

consumer DOE study was conducted in a home-use test (HUT) format.  Six wipes were tested by 

each consumer, one per week, of the 18 total wipes using a balanced incomplete block design.  A 

total of 962 consumers (502 from United States and 462 from the United Kingdom) who met the 

user criteria of age range 18-35 (the primary makeup remover wipe user age range) and current 

wipe user or considerer completed the study.  Approximately 320 consumers tested each wipe. 

Lab in-vitro measurements were also collected on the same eighteen prototypes to understand 

specific properties of the makeup remover wipes. Based on the data collected from the consumer 

DOE study and in-vitro lab measurements, a predictive model between some consumer 

perception attributes and lab instrumental measurements was explored using a statistical 

regression model. 
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Consumer Perception Attributes 

Although many attributes were tested, two sets of attributes had potential to build predictive 

models. One set of consumer attributes were related to cleansing/removing makeup, and the 

other set of attributes was related to the perception of gentleness/softens. The three attributes 

from the consumer study related to the cleansing/removing property were: “Effective removing 

makeup,” “Effective removing water-resistant makeup,” and “Clean skin feel.” The two 

attributes from the consumer study related to the gentleness/softness perception were: 

“Gentleness of wipe (gentleness)” and “Soft skin feel.” For the consumer attributes, a 5-point 

scale was used in an online survey questionnaire after one week of use in home for each product 

tested. Table 4-1 and 4-2 list the scale used for those attributes. 

 

Table 4-1 Five-point Scale Used for Cleansing related Consumer Attributes 

Effective removing makeup Effective removing 

water -resistant makeup 

Clean skin feel 

5- Extremely effective 5- Extremely effective 5- Extremely clean 

4- Very effective 4- Very effective 4- Very clean 

3- Moderately effective 3- Moderately effective 3- Moderately clean 

2-Slightly effective 2-Slightly effective 2- Slightly clean 

1-Not effective at all 1-Not effective at all 1- Not clean at all 

 

Table 4-2 Five-point Scale Used for “Gentleness/Softness” related Consumer Attributes 

Gentleness Soft skin feel 

5- Extremely gentle 5- Extremely soft 

4- Very gentle 4- Very soft 

3- Moderately gentle 3- Moderately soft 

2-Slightly gentle 2- Slightly soft 

1-Not gentle at all 1- Not soft at all 
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In-Vitro Lab Measurements 

For the in-vitro lab measurements, the same eighteen (18) wipe prototypes were tested to 

remove 3 makeup products (Mascara, Eyeliner, and Foundation). The makeup products selected 

for the test were: a) CoverGirl Lashblast Fusion Water-Resistant Mascara 885 Very Black, b) 

L’Oréal Paris Infallible Never Fail Eyeliner 511 Black, and c) Revlon Colorstay Foundation 450 

Mocha, which represents the long wearing/long lasting and water-resistant makeup products in 

each of the product categories.  

A controlled amount of each makeup product was manually applied onto a 1” diameter circle 

on a customized plastic substrate by a lab technician.  The in-vitro makeup removing procedure 

was conducted via a proprietary lab set-up (i.e. equipment) developed by Johnson and Johnson 

Consumer Inc. The equipment functioned as follows.  The tested wipe was wrapped onto the sled 

of the equipment. After one hour of makeup (mascara, eyeliner, foundation) air-drying at 

ambient temperature and humidity after each application, the sled with the tested wipe was 

moved against the plastic substrate to remove each makeup product at a controlled speed and 

pressure.  An image was taken before makeup application, before makeup removal, and after 

each stroke, and these images were analyzed using imaging technology.  The amount of color 

change was used to determine how much, in percentage, of each makeup product was removed 

after a controlled number of strokes.   Thus, “Mascara: Total Removal”, %; “Eyeliner: Total 

Removal”, %; and “Foundation: Total Removal”, % were the values obtained from the removal 

equipment. 

Bending Length (cm) measurement, which indicated the measurement of stiffness, followed 

ASTM D-138808 Standard Test Method for Stiffness of Fabrics. Friction was measured via a 

proprietary lab method which leveraged an Instron (Instron Co., Norwood MA, USA) machine 

adapted with a force sensor developed by Johnson and Johnson Consumer Inc. 

 

The following attributes were measured during the test:  

Weight (g), which includes both fabric and lotion add-on/juice weight; 

Collapse (%), the % calculated using compressed thickness under a certain amount of 

pressure divided by original thickness; 
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Recovery (%), which is the recovered percentage calculated by having the thickness after 

releasing the pressure divided by the original thickness; 

Friction (N), the force to resist to the rub during wiping; 

Bending Length (cm), the bending length when the tip of the fabric strip reaches a 

specific angle (41.5º) below the horizontal; 

The Amount of Makeup (mascara, eyeliner, foundation) Removed (%); 

Mascara: Total Removal (%), the total % of mascara removed by the wipe; 

Eyeliner: Total Removal (%), the total % of eyeliner removed by the wipe; 

Foundation: Total Removal (%), the total % of foundation removed by the wipe; 

 

Three replicates of each of the eighteen prototypes were used for removing each of the three 

makeup products (mascara, eyeliner, foundation). Thus, nine wipes for each prototype were 

measured in total. The average weight of the nine wipes for each prototype was labeled as 

“Weight (average)”.  

 

Partial Least Square (PLS) Regression Method 

Partial Least Square (PLS) regression method being one of the most popular statistical 

modeling methods was applied to build the predictive model. PLS is a multivariate method for 

relating two sets of data together and testing how well the X set of data can predict the Y set of 

data. In this case, the X data were the in-vitro laboratory measurement data and the Y data were 

the consumer attributes. Each of the consumer attributes was predicted separately.  For the PLS 

procedure, a pair of components were extracted from the X and the Y set at each stage so that 

they accounted for as much variation as possible and were as correlated as possible. The 

goodness of fit is measured by R2 = 1 - SSYresid/SSYtotal. A cross validation procedure was 

utilized to estimate the predictive value of the model. Extracting pairs of components was carried 

out until the predictive value of the model is not improved. Q2 = 1 - PRESS/SSYtotal. PRESS is 

the sum of squared differences between predicted (yˆim - cross validation prediction) and 

observed y-elements (yim).  

 

PRESS (y y )im im= −   
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Results and Discussion 

Initial Correlation Analysis 

Consumer ratings and in-vitro lab measurements of the eighteen (18) prototypes were used 

for the model development. Table 4-3 and 4-4 listed the mean scores of each prototype for 

consumer perception attributes and in-vitro lab measurements for initial correlation analysis. 

 

Table 4-3 Mean Scores for Consumer Perception Attributes 

in Predictive Model Building 

Product 

Code 

Effective 

removing  

Makeup 

Effective 

removing 

water resistant 

makeup 

Clean 

skin 

feel 

Gentleness 
Soft skin 

feel 

165 3.74 3.54 3.31 2.90 3.03 

185 3.61 3.38 3.31 3.05 2.98 

208 3.72 3.50 3.53 3.04 3.23 

291 3.17 2.97 3.04 2.58 2.78 

370 3.26 3.12 3.12 2.86 2.79 

392 3.64 3.42 3.37 2.81 2.99 

426 3.83 3.63 3.48 3.24 3.29 

479 3.88 3.64 3.45 3.19 3.28 

534 3.72 3.52 3.53 3.53 3.42 

592 3.02 2.80 3.00 2.82 2.91 

604 3.79 3.61 3.41 2.99 2.99 

627 3.11 2.96 3.03 2.70 2.85 

741 3.63 3.46 3.32 2.85 2.98 

783 3.89 3.60 3.61 3.32 3.40 

813 3.58 3.46 3.40 2.87 3.15 

860 3.65 3.45 3.48 2.87 3.11 

918 3.77 3.50 3.32 2.92 2.98 

953 3.01 2.81 3.04 3.27 2.96 
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Table 4-4 Mean Scores for In-vitro Lab Measurements in Predictive Model Building 

 Wipe 

ID# 

Bending 

Length 

(cm) 

Friction 

(N) 

Thickness 

(mm) 

 Collapse 

(%) 

Recovery 

(%) 

Weight 

Average 

(g) 

Mascara: 

Ave Wipe 

wt  

(g) 

Eyeliner: 

Ave 

wipe wt 

(g) 

Foundation: 

Avg Wipe wt 

(g) 

Mascara: 

Total 

Removal 

(%) 

Eyeliner: 

Total 

Removal (%) 

Foundation: 

Total 

Removal (%) 

165 2.0 1.09 0.43 76% 86% 7.04 7.17 6.91 6.53 100% 30% 73% 

185 2.0 1.16 0.41 70% 84% 6.99 6.97 7.02 6.59 101% 51% 66% 

208 1.9 1.06 0.42 74% 88% 8.36 8.44 8.29 8.73 90% 80% 88% 

291 2.4 1.07 0.47 74% 88% 4.82 4.56 5.07 5.12 76% 34% 78% 

370 2.7 1.10 0.45 75% 90% 4.76 4.59 4.94 5.28 78% 35% 75% 

392 2.1 1.10 0.44 77% 88% 8.16 8.22 8.10 7.70 99% 46% 74% 

426 1.6 1.08 0.40 82% 91% 11.36 11.12 11.60 10.95 94% 81% 91% 

479 1.6 1.07 0.41 84% 93% 11.46 11.66 11.25 11.86 95% 92% 97% 

534 1.7 1.23 0.41 68% 87% 6.76 6.68 6.85 7.08 90% 85% 84% 

592 2.3 1.07 0.46 66% 86% 3.90 3.88 3.92 4.46 52% 43% 44% 

604 1.6 1.23 0.34 92% 93% 9.41 9.82 9.01 9.43 101% 63% 81% 

627 2.7 1.13 0.53 75% 90% 6.13 6.17 6.09 6.37 89% 50% 77% 

741 1.7 1.14 0.33 82% 92% 9.31 9.39 9.24 9.30 102% 58% 81% 

783 1.8 1.14 0.50 79% 90% 12.28 12.24 12.32 12.28 97% 88% 94% 

813 2.2 1.06 0.53 74% 88% 9.74 9.72 9.76 9.33 79% 61% 61% 

860 1.9 1.05 0.49 72% 87% 7.95 7.83 8.07 8.73 88% 84% 81% 

918 1.9 1.46 0.44 87% 95% 13.68 13.88 13.48 13.60 101% 62% 83% 

953 2.1 1.13 0.45 63% 82% 4.12 4.07 4.17 4.41 55% 46% 51% 
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Correlation analysis was conducted on the consumer ratings and in-vitro lab measurements 

respectively (Table 4-5 and Table 4-6). Table 4-5 showed that “effective removing makeup” and 

“effective removing water-resistant makeup” were highly correlated with each other (correlation 

coefficient =1.0) and were highly correlated with “clean skin feel” with correlation coefficient of 

0.9. “Gentleness” and “Soft skin feel” were not correlated to removing/cleansing related 

attributes, but highly correlated to each other with a correlation coefficient of 0.8. 

 

Table 4-5 Correlation Matrix for Consumer Data 

  

Effective 

removing 

makeup 

Effective 

removing water 

resistant 

makeup 

Clean skin 

feel Gentleness 

Soft skin 

feel 

Effective 

removing 

makeup 1.0 1.0 0.9 0.4 0.7 

Effective 

removing 

water resistant 

makeup 

1.0 1.0 0.9 0.4 0.7 

Clean skin feel 0.9 0.9 1.0 0.6 0.9 

Gentleness 0.4 0.4 0.6 1.0 0.8 

Soft skin feel 0.7 0.7 0.9 0.8 1.0 

 

As shown in Table 4-6, the correlations among the weights from the lab measurements were 

1.0, therefore only the Weight (Average), which was the average weight of three wipes measured 

after removing a different makeup product (mascara, eyeliner, foundation), was used in later 

predictive models. 
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Table 4-6 Correlation Matrix for In-vitro Lab Measurements 

  

Bending 

Length 

(cm) 

Friction 

(N) 

Thickness 

(mm) (0.5-

oz) 

Collapse 

(%) 

Recovery 

(%) 

Weight 

(Average) 

(g) 

Mascara: 

Avg 

wipe wt 

(g) 

Eyeliner: 

Avg 

wipe wt 

(g) 

Foundation: 

Avg wipe 

wt (g) 

Mascara 

Removal: 

Total (%) 

Eyeliner 

Removal: 

Total (%) 

Foundation 

Removal: 

Total  

(%) 

Bending  

Length (cm) 1.0 -0.2 0.6 -0.4 -0.3 -0.6 -0.6 -0.6 -0.6 -0.5 -0.7 -0.5 

Friction (N) -0.2 1.0 -0.2 0.4 0.4 0.4 0.4 0.4 0.4 0.3 0.1 0.2 

Thickness (mm) 

(0.5-oz) 0.6 -0.2 1.0 -0.4 -0.3 -0.2 -0.2 -0.2 -0.2 -0.4 -0.1 -0.3 

Collapse (%) -0.4 0.4 -0.4 1.0 0.9 0.7 0.8 0.7 0.7 0.7 0.3 0.6 

Recovery (%) -0.3 0.4 -0.3 0.9 1.0 0.7 0.7 0.7 0.7 0.5 0.3 0.7 

Weight (Average) 

(g) -0.6 0.4 -0.2 0.7 0.7 1.0 1.0 1.0 1.0 0.7 0.7 0.7 

Mascara: Avg 

Wipe wt (g) -0.6 0.4 -0.2 0.8 0.7 1.0 1.0 1.0 1.0 0.7 0.6 0.7 

Eyeliner: Avg wipe 

wt (g) -0.6 0.4 -0.2 0.7 0.7 1.0 1.0 1.0 1.0 0.7 0.7 0.7 

Foundation: Avg 

Wipe wt (g) -0.6 0.4 -0.2 0.7 0.7 1.0 1.0 1.0 1.0 0.6 0.7 0.7 

Mascara Removal: 

Total (%) -0.5 0.3 -0.4 0.7 0.5 0.7 0.7 0.7 0.6 1.0 0.3 0.7 

Eyeliner Removal: 

Total (%) -0.7 0.1 -0.1 0.3 0.3 0.7 0.6 0.7 0.7 0.3 1.0 0.7 

Foundation 

Removal: Total (%) -0.5 0.2 -0.3 0.6 0.7 0.7 0.7 0.7 0.7 0.7 0.7 1.0 
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Step-by-step PLS Procedure for model development  

Prediction of “Effective removing makeup” was first regressed using Partial Least Square 

(PLS) method. Since a curvilinear relation was shown in the scatter plot between “Effective 

removing makeup” and “Weight (Average)” (Figure 4-1), the “Weight square (Weight2)” or the 

square of “Weight (Average),” was added into the data set to re-run the regression. 

After adding the Weight2 to the data set, the fitting results in Table 4-7 indicated the one-

component (comp1) solution of joint squared correlation (R2Y cum) of 0.799 was a close fit. The 

estimate of the predictive value of the model using the Q2cum was good at 0.746 as well. 

 

Figure 4-1 Scatter Plot of “Effective Removing Makeup” vs. “Weight (Average)” 
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Table 4-7 Fitting Results for “Effective Removing Makeup”  

After Adding Weight2 to the Variables 

Statistic Comp1 Comp2 Comp3 Comp4 Comp5 

Q2 cum 0.746 0.544 0.287 -0.091 -0.559 

R2Y cum 0.799 0.839 0.849 0.858 0.863 

R2X cum 0.547 0.659 0.827 0.884 0.923 

 

Variable Importance in Projection (VIP) scores estimate the importance of each variable in 

the projection used in a PLS model and often is used for variable selection. A variable with a 

VIP Score greater than 0.8 can be considered important in a given model. VIP scores were used 

to remove variables to improve the predictive performance.  

The VIP results in Figure 4-2 showed that “thickness” was not an important attribute and can 

be removed from this model. The analysis was repeated by removing the “thickness” attribute. 

The fitting results showed in Table 4-8. After removing “thickness” that a two-component 

(comp2) solution gave a joint squared correlation (R2Y cum) of 0.904, which was a very good 

fit. The estimate of the predictive value of the model using the Q2cum was very good at 0.829 as 

well. Both improved from the initial model. 

Outlier analysis is the next step following VIP analysis and it typically is conducted to 

remove measurements (in this case laboratory measurements) that indicate any product or 

prototype as extremely different from other products or prototypes. DModX indicates how much 

of the X information in a product is not being used in the predictive model. DModY is the 

modulus of the residuals of Y from the fitted model. DModY indicates products that can be 

excluded from the model. Products with DModY scores near or above one are considered to be 

the outliers. 
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Figure 4-2 VIP results of 1st Round PLS modeling for “Effective Removing Makeup” 

 

 

 

Table 4-8 Fitting Results for “Effective Removing Makeup” 

After Removing Not Important Attributes 

Statistic Comp1 Comp2 Comp3 

Q2 cum 0.751 0.829 0.814 

R2Y cum 0.784 0.904 0.916 

R2X cum 0.708 0.787 0.885 

 

The Outlier Analysis results in Figure 4-3 showed that two products (#627 and #165) were 

above or near the critical value (one) for DModY, suggesting they were either extreme product 

outliers or that the measurements were unsatisfactory for these products, therefore these two 

products were removed to repeat the analysis. 
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Figure 4-3 Outlier Analysis for “Effective Removing Makeup” 

 

 

After removing the outlier products, fitting results (Table 4-9) showed that a two-component 

solution gave a joint squared correlation (R2Y cum) of 0.969 which was an extremely good fit. 

The estimate of the predictive value of the model using the Q2cum was excellent at 0.922. 

Therefore, the model was established at this step. 

 

Table 4-9 Fitting Results for “Effective Removing Makeup” After Removing Outliers 

Statistic Comp1 Comp2 Comp3 

Q2 cum 0.899 0.922 0.924 

R2Y cum 0.933 0.969 0.983 

R2X cum 0.709 0.799 0.862 

 

Following the above procedure, the final model for effective removing makeup was 

generated:  
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Effective removing makeup = 2.321+0.025*Weight (Average)+0.001*Weight (Average)2 

+0.468*Mascara Removal: Total + 0.335*Eyeliner Removal: Total+0.457*Foundation Removal: 

Total.  

 

A similar process was applied for the other consumer attributes respectively using a PLS1 

model. Models were generated based on the regression for “Effective removing water resistant 

makeup,” “Clean skin feel,” “Gentleness,” and “Clean skin feel”. Even though a similar process 

was conducted for all the attributes, certain steps of each model may make the model not 

necessarily be a good fit for all situations. For example, for the “Gentleness” model, based on 

outlier analysis, samples #918, #370, and #860 are outlier products that were excluded to get 

regressed again (Figure 4-4).  

 

Figure 4-4 Outlier Analysis for “Gentleness”  

 

 

After excluding these three products, fitting results showed that a two-component solution 

with a joint squared correlation (R2Y cum) of 0.748, which was an acceptable value.  However, 

the estimate of the predictive value of the model using the Q2cum was still poor at 0.534. By 

repeating the outlier analysis, Figure 4-5 indicated that another three products (#534, #726, and 

#741) became new outliers and needed to be excluded from the model. 
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After further removal of these three products, the final fitting results displayed a two-

component solution achieving a joint squared correlation (R2Y cum) of 0.934 with the estimate 

of the predictive value of the model using the Q2cum at 0.847. However, it becomes questionable 

whether a model where one-third of the products has been removed is still representative of the 

category. 

 

Figure 4-5 Outlier Analysis for “Gentleness” after Removing Outliers 

 

 

Table 4-10 Fitting Results for “Gentleness” After Removing Additional Outliers  

 

Statistic Comp1 Comp2 

Q2 cum 0.277 0.847 

R2Y cum 0.460 0.934 

R2X cum 0.819 0.925 

 

By comparing the samples excluded from the model, a majority of them were samples at high 

thickness (Table 4-11), which meant that the final model only can be applied to low to medium 
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thickness samples. If a new prototype has a high thickness level, the developer should not use 

this model to predict consumer perception of “gentleness”. 

 

Table 4-11 “Gentleness” Model only Applies to Low to Medium Thickness Wipes 

Wipes ID# Thickness* 

165 L 

392 L 

426 L 

741 L 

860 L 

185 M 

208 M 

479 M 

291 M 

592 M 

604 M 

813 M 

370 H 

534 H 

627 H 

918 H 

783 H 

953 H 

*Highlighted samples were outliers and were excluded from the model for “Gentleness” 

 

Although these predictive models were established between consumer data and in-vitro lab 

measurements, future validation research needs to be conducted to ensure the accuracy of the 

models before starting to use them for actual prediction because these models were established 

purely based on statistical regression in a single study. To further explore the model 

development, different statistical methods, such as PCR and ANNs, can be applied on this data to 
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understand how the models compare and which one is more accurate based on a validation study. 

In addition, future studies will need to be conducted using new samples and predictions made 

and compared to actual results.   

 

Conclusions 

The Partial Least Square (PLS) method was used to build predictive models between 

consumer perception attributes focusing on cleansing/makeup removing and gentleness/soft feel 

related attributes and in-vitro lab measurements. This study demonstrated a step-by-step 

procedure of using PLS regression to generate five models. These predictive models allow 

product developers to conduct lab measurements to predict consumer ratings and offer a rapid 

prototype screening method to save budget, time, and resources.  However, they do not take the 

place of sensory and consumer research on the final samples that may be selected for further 

evaluation. 
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Chapter 5 - General Conclusions 

 

For any industry that wants to do product innovation, it is important for product 

developers to work closely with sensory and consumer research scientists to understand the 

competitive landscape, key competitors’ product attributes, consumers’ preferences, factors that 

drive and impact consumer preference, etc.  

The research presented in this dissertation demonstrated a holistic approach using various 

sensory and consumer research methodologies to guide category innovation for facial 

cleansing/makeup remover wipes. Descriptive sensory analysis (DA) is good for understanding 

and displaying the market space of internal and competitors’ products by generating perceptual 

maps that show sensory similarities and differences among the products.  These maps also can 

help identify “white spaces” for product innovation. It’s crucial to review the market space when 

entering a new product category or reinventing the product category if this has not been done for 

a while for a full understanding.  

DA methods are also commonly used to screen prototypes against a benchmark product 

or top performing product when available. The profile of the prototype that is most similar to the 

benchmark is often identified to be the winner among other prototypes. In addition, DA methods 

often are applied for cost saving/productivity or margin enhancement initiatives, where 

alternative ingredients/materials, flavor and fragrance, or processes are being considered, and the 

team needs to ensure the changes will not impact the sensory quality of the products. DA 

methods generally provides high sensitivity to certain key product attributes that may potentially 

impact the consumer perception if the changes are perceptible.  Since most companies maintain 
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internal DA panels, it’s more cost effective to conduct DA studies versus quantitative consumer 

studies, such as CLT or HUT.  

A consumer Design of Experiment (DOE) study is often used to determine the factor 

combination for most preferred products based on Purchase Intent or Overall Liking for product 

optimization.  When conducted as a quantitative consumer study to capture consumers’ overall 

liking, it can be linked to DA results using a statistical regression models or other tools to 

identify ideal products with specific sensory attributes as well as address practical business 

concerns.  Driver’s Analysis, Sensitivity Analysis, and Penalty Analysis are different data 

analysis methods to gain more in-depth understanding on product performance and factors that 

drive and impact most on the consumers’ preference results. Sometimes the results may appear 

contradictory to each other. However, each analysis would target a different focus, and 

understanding of the approach and results from different perspectives will provide deeper 

understanding of the results. For example, in this particular consumer DOE study, Driver’s 

Analysis identified the product attributes that promoted positive consumer results (Overall 

Liking and Purchase Intent), whereas Sensitivity Analysis highlighted the negative impact of 

certain level of physical factors, which could be devastating to the Purchase Intent regardless of 

any positive aspects that are built into the product.  The different data analysis approaches 

provide a comprehensive understanding of the data to avoid any potential miss when determining 

the configuration of different factor combinations to achieve the most appealing consumer 

results.   

Since a Consumer DOE study has a sophisticated study design, where it always requires a 

large number of samples for testing, it is quite costly to execute the study as well. And for this 
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reason, it is not often conducted. Typically, the product development team will develop different 

prototypes without using a DOE study and conduct consumer studies to identify the winner.  

The predictive model between consumer perceptible attributes and in-vitro lab 

measurements using different statistical regression methods can provide rapid methods for 

prototype screening. Once the model has been established, lab measurements are easy, fast and 

more efficient to conduct at a much lower cost.  However, validation studies are needed before 

applying these models. 

There are many other sensory and consumer research methods, such as qualitative 

methods, social listening, neuroscience, implicit methods, etc. to be considered for product 

innovation. Each method has its pros and cons that needs to be taken into consideration as well. 

During the stage gate process, different methods can be applied for various business objectives, 

not limited to product innovation. Designing a holistic learning plan using appropriate 

combinations of various sensory and consumer methods is key to drive product innovation and 

support all aspects of business needs. 

 

 


