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(ABSTRACT ) 

The purpose of this research was to determine consumers’ 

satisfaction with cooking systems commonly available in the United 

States. Five types of cooktops (conventional electric coil, gas flame, 

solid element, and halogen and electric coil under glass ceramic) and 

six types of cookware (glass ceramic, porcelain enamel-on-aluminum non- 

stick, stainless steel with an aluminum disk, heavy gauge aluminum, thin 

gauge aluminum, and heavy gauge aluminum with non-stick finish) formed 

30 cooking systems. Fifteen consumers prepared one menu that 

represented four cooking operations (frying, boiling, thermalization, 

and waterless) with each of the 30 cooking systems. They also completed 

a three-part questionnaire to determine their knowledge and practices 

regarding the interaction between cooktops and cookware at the 

beginning, to assess their satisfaction with each cooking system, and to 

test their knowledge and preferences after completing the 30 cooking 

systems. 

Statistical analysis included repeated measures ANOVA, T-test, and 

General Linear Model (GLM). Statistically significant findings include: 

(1) Knowledge was different before and after completing the 30 cooking 

systems; (2) There was a relationship between consumers’ knowledge and



overall satisfaction; (3) There was a relationship between optimum 

compatibility and consumers’ satisfaction; (4) There were differences 

among cookware of different gauges with respect to evenness of heating; 

(5) The cooking systems required different levels of user interaction; 

(6) There were differences in consumers’ satisfaction with cookware 

cleaning and frying due to the interior finish of the cookware. 

However, there was no significant difference in consumers’ overall 

satisfaction with the cooking systems.
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CHAPTER I 

INTRODUCTION AND RESEARCH QUESTION 

Introduction 

Technological innovations over the last 20 years have markedly 

increased the number of choices consumers must make in purchasing and 

using major cooking appliances. Although the microwave oven has changed 

the concept of cooking to a great extent, the changes in cooktops have 

also been significant. For example, consumers are confronted with 

conventional as well as sealed burners on gas cooktops. In addition to 

the familiar tubular coil on electric cooktops, choices include solid 

disk elements plus radiant coils, halogen tubes, or induction modules 

under a sheet of glass ceramic. Each of these energy sources has unique 

inherent characteristics which affect performance and, ultimately, 

consumer satisfaction. Coupled with choices in cooktops are choices in 

cookware to complete a cooking system. 

Cookware Industry 

Changing sociodemographics, family characteristics, and consumer 

trends affect the cookware market. People are returning to basics, 

cooking at home and increasing an emphasis on healthful cooking, 

therefore, consumers are educating themselves about cookware and are 

choosing better quality goods (Weiss, 1991). Taylor (1987) stated that 

the choice of saucepans is not within the influence of the cooktop 

manufacturer, yet this has the greatest effect on the overall cooking 

performance. Consumers may not be aware of the efficiency rating of an 

element, but they know if cooking results are slow or unsatisfactory. 

According to the Cookware Manufacturers Association, aluminum 

cookware represents the bulk of all domestic cookware sales (54% market 

share) and stainless steel is the second largest category (41% of market 

share) (Weiss, 1991; Blumenthal, 1991). According to an independent
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study, stainless steel had a 34.6% market share, while aluminum had a 

30.7% market share (Weiss, 1991). The discrepancy in the market share 

may be due to a nonresponse bias. The Cookware Manufacturers Association 

figures coincide with market share studies from the past, and therefore 

are considered more reliable. 

According to the Cookware Manufacturers Association, cast iron, 

copper, and porcelain on steel or iron represent 5% of the market share 

(Weiss, 1991). Brittin and Nossaman (1986) conducted a survey, at an 

area fair and national convention, on the use of iron cookware and found 

that 79% of the sample owned iron utensils and 72% used them. A skillet 

was the most frequently owned iron utensil. 

The amount of non-stick cookware has been growing steadily over 

the past few years. The market share for all types of cookware with 

non-stick finish include: Steel, iron, stainless steel, glass, and 

aluminum. Aluminum is the most common medium for non-stick finish 

(Weiss, 1991). According to the Cookware Manufacturers Association, 84% 

of all aluminum cookware featured non-stick coatings in 1990, compared 

to 78% in 1987 (Weiss, 1991). The increase in non-stick cookware may be 

attributed to consumers’ desire for healthier cooking (less fat), ease 

of cleaning, and decreased user interaction. 

Saxton (1991) has identified seven American cooking behavior 

segments as: 

Household % Dollar % 
Power Gourmets 8 21 

Practical Gourmets 6 15 

Bogus Gourmets 8 19 
Basic Cook: Involved 21 26 

Basic Cook: Uninvolved 11 8 
Reluctant Cooks 22 8 

Non-Cooks 24 3 

The cooking behavior segments have been labeled with the 

percentage of American households per segment. Dollar percentage 

represents the percentage of the total number of dollars spent on
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cookware for each cooking behavior segment. Approximately 22% of the 

American households spend 55% of the total dollars spent on cookware 

purchases. 

Research Question 

When using a cooktop, which component of the cooking system - 

cooktop or cookware - do consumers associate with satisfactory or 

unsatisfactory cooking performance? Why do consumers associate 

satisfactory or unsatisfactory cooking performance with this component? 

In the opinion of consumers, what characteristics of cookware (material 

and design) contribute to performance of the cooking system? 

Justification 

As manufacturers produce cooktops and cookware, they need to be 

able to make informed decisions based on reliable information regarding 

what consumers value and need. At the present time there is not a set 

(7 pieces) of cookware that provides optimum performance on all cooktops 

-- conventional electric coil, solid element, glass ceramic, and 

induction. As the saturation level of appliances increases, 

manufacturers must compete for the "replacement" purchases. Appliance 

manufacturers must be prepared to offer consumers cooking appliances 

that provide optimum cooking performance with limited user interaction. 

Manufacturers need to know what consumers want, not what manufacturers 

think they need. 

Consumers are taking an increasingly effective role in helping to 

design products (Appliance Manufacturer, 1985). Today’s consumers have 

access to more information with which to make a more informed purchase, 

which leads to more satisfied consumers. The information available to 

consumers about cooktops and cookware is based on scientific principles 

or marketing literature. Information in the public domain related to 

consumers’ and cooking system interaction is very limited.
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Home economics brings to research a different point of view, and a 

special concern for the consumer’s well being and satisfaction 

(Canroyer, 1955). Thus it is appropriate that a project concerning 

cooking systems be conducted in a home economics unit. The unique 

contribution of this research is that consumers were included ina 

laboratory experiment regarding the interaction among cooktops and 

cookware.



CHAPTER II 

LITERATURE REVIEW AND THEORETICAL FRAMEWORK 

Literature Review 

Numerous studies have been conducted in the past to investigate 

various aspects of the cooking system. Energy conservation has been the 

central focus of many of the studies. Though limited in number, studies 

related to the interaction of the cooktop and cookware have been 

conducted over a long time period. 

Thermal efficiency of cookware was emphasized in early studies. 

Good (1923), Landreth and Hutchinson (1929), Swartz (1931), Swartz and 

Jones (1931), Sater and Peet (1933), Monroe and Smith (1934), and 

Roberts (1935) all concluded that the gauge, diameter, and material of 

cookware affect performance of the cooking system. From these studies 

came the recommendation to use flat bottom cookware of a diameter that 

matches the diameter of the heat source and has perpendicular sides and 

a tight fitting cover. 

Baragar (1962), Pickett (1962), Peters and Hunt (1977), and 

Overby, Hobocienski, and Lewis (1978) studied thermostatically and non- 

thermostatically controlled units. In general, they found no 

significant difference in performance due to the cookware material. 

Howard (1978) evaluated the effect of the utensil design on interface 

with the heating element. The results indicated that the utensil does 

not have a large effect on performance. However, Martin (1988) 

concluded that the choice of cookware is important when even browning is 

desired, but the cooktop is an important variable when speed of heating 

and retained heat are desirable. 

A user interaction scale was developed by Lovingood, Bentley, 

Lindstrom, and Walton (1987) and later validated by Young (1988). This 

scale provides a quantifiable means of assessing user interaction (1 =
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No user interaction to 5 = Continual user interaction). 

The number of studies conducted involving consumers and household 

equipment is extremely limited. After an extensive review of 

literature, work by Fechter and Porter (1978) is the only such study 

related to this investigation. They studied kitchen range energy 

consumption, utilizing 58 cooks who each prepared a seven day menu on 

one of 5 gas or 5 electric ranges. Their results indicated a variation 

in energy, as high as 50%, used by the different cooks on the same range 

for the same menu. 

Therefore, based on an extensive literature review, there is no 

information in the public domain that answers the research question - 

What does the consumer think? When using a cooktop, which component of 

the cooking system - cooktop or cookware - do consumers associate with 

satisfactory or unsatisfactory cooking performance? 

Theoretical Framework 

Lovingood and Young (1988) developed a theoretical model of the 

cooking system with a consumer perspective. The model includes: 1) a 

heat or energy source with a control device; 2) a utensil that serves as 

a food holder and transfers heat; 3) the food load; and 4) a human 

operator or some type of mechanical device to set controls, activate the 

cooking process, check on progress (manipulating controls or food if 

necessary), and finally stop the process. 

Turpin (1989) defined cooking as the achievement of desired food 

quality through temperature change. When food is cooked, heat induces a 

physical and chemical change. Various factors affect the resulting 

performance of the cooking system (Figure 1). The larger system uses 

material (energy and material) and human (user interaction) resources as 

inputs, and this leads into the cooktop and cookware interaction within 

the throughput, which yields the performance results and consumer



Input Throughput Output 
  

  

      

  

      

  

  
              

            
    

              

    
  

Human Cooktop Performance 
Resources 

SS 

Material Cookware Satisfaction 
Resources 

Feedback 

Figure 1. Consumers’ satisfaction with a cooking system as a result of 
performance and user interaction.
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satisfaction. The consumer’s satisfaction level is the feedback into 

the system as an input. 

The goal of this research was to determine the consumer 

satisfaction level with interaction within the cooking systems. The 

desired outcome is, ultimately, to identify characteristics of cookware 

and cooktops most appropriate.to form an optimumly compatible cooking 

system. 

Hypotheses 

The available research related to consumers’ knowledge, practices, 

and satisfaction with cooking systems interaction is limited. Hence, 

this study was designed to provide information regarding the consumer 

aspects of cooking system interaction. However, due to the limited 

information, the hypotheses are based on principles from physics and 

marketing. Martin (1988) investigated cooking system interaction based 

on physical principles that have been applied in the consumer phase. 

1: There is a relationship between the consumers’ knowledge and 
overall satisfaction with cooking systems’ performance. 

Rationale: Consumers with greater knowledge 
will experience greater satisfaction, due to an 

increased understanding of the materials and 
construction characteristics, of the cookware 

and cooktop in order to obtain optimum 
performance. 

2: There is a correlation between the consumers’ satisfaction with 
a cooking systems and the optimum compatibility of the cooking 
systems components. 

Rationale: Consumers will find the results of 

optimum compatibility of cooking system 
components, due to speed of heating, retained 

heat and evenness of heating, satisfactory. 
Therefore, there is a relationship between the 

consumer’s satisfaction and the physical 
principles under investigation: speed of 
heating, evenness of heat distribution, and 

retained heat. 

3: Consumers will attribute performance to the cookware. 

Rationale: The cooktop is the most expensive item of
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the cooking system that is seen as changing or 
innovative. Therefore, consumers will attribute 
dissatisfaction with performance to the cookware. 

There is no difference in consumer satisfaction with cookware of 
different gauges, although heavy gauge cookware distributes heat 
more evenly. 

Rationale: The heavier the gauge of the 
cookware, the more time it takes for heat to 

transfer from one side of the cookware to the 
other. Hence, the heat will have time to spread 

more in the horizontal plane as the vertical 
plane increases. However, consumers will not be 

aware of the difference. 

There is no difference in consumer satisfaction with greater mass 
of the heating system. Although a greater amount of time is 
required for the rate of heat transfer to the cookware to be 

appreciable, the difference is not great enough to be observed by 

consumers. 

Rationale: As the mass of an object increases, 

the time for an object to heat up, and to lose 
heat once it is heated, increases. The quantity 
of heat necessary to change the temperature is 
influenced by the specific heat of the material. 
Therefore, mass and specific heat impact the 
heat needed to change temperature and immediate 
results. However, consumers will not be aware 

of the difference for the total system to heat 
up or to lose heat once it is heated. 

There is no difference in consumer satisfaction with cooktops in 

which the heating element is separated from the cookware by 
intervening space or material. Although a longer time to gain or 
lose heat is required, due to an increase in time for appreciable 
heat transfer, the difference is not great enough to be observed 
by consumers. 

Rationale: The process of transferring heat 
from the source of its generation to the place 
of utilization requires time. However, the time 

difference is not great enough to affect 
consumer satisfaction. 

There is no difference in consumers’ satisfaction with the 
cooking systems due to required level of user interaction. 

Rationale: The gauge and design of the cookware 
will affect the required level of user 
interaction. The heavier the gauge of cookware, 
the more evenly the heat will be distributed. 
Therefore, the required level of consumer 
manipulation or user interaction is decreased. 

However, the difference in user interaction is 
not great enough to affect the level of 

satisfaction.
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There is no difference in consumers’ satisfaction with cookware 
que to an interior finish. 

Rationale: The finish on the cookware material 
is directly related to the level of user 
interaction. When consumers follow the specific 

procedures, they will not be aware of the 
differences in required manipulation among the 
systems. 

There are no differences in consumers’ satisfaction among the 

cooking systems. 

Rationale: The consumers‘ degree of 
satisfaction with cooking systems will vary due 
to user interaction, cleanability, evenness of 

heat distribution, speed of heating, and 
retained heat.



CHAPTER III 

METHODOLOGY 

Empirical Model 

The empirical model (Figure 2) shows the independent and dependent 

variables under investigation in the study. The independent variables 

included energy sources, container material, and user interaction. 

Dependent variables were satisfaction, knowledge, and compatibility. 

Each variable was operationalized by obtaining a means of measurement of 

the dependent variables. The satisfaction, a dependent variable, was 

broken down into sub-variables. Compatibility is another dependent 

variable that was broken down into sub-variables. Figure 3 illustrates 

how the theoretical and empirical models overlap. 

Operational Definitions 

The following operational definitions of dependent variables were 

used in this study: 

Satisfaction 

Satisfaction is the fulfillment of a need or desire based on an 

outcome as determined by the individual. Satisfaction was measured by 

responses to a series of questions regarding consumers’ satisfaction and 

preferences with cooking systems’ interaction (Appendix E, Part 2). 

User interaction. A five point scale was developed by Lovingood, 

Bentley, Lindstrom, and Walton (1987) and validated by Young (1988) to 

describe the intensity of user interaction. The scale ranged from 1 = 

"put it on, leave it alone until it’s done” to 5 = almost continuous 

stirring or manipulation of the food or heat control. A questionnaire 

was used to measure the consumers’ satisfaction with user interaction 

(Appendix E, Part 2, Questions 9, 10, and 18). 

Browning pattern. The browning pattern is a visible result of 

heat distribution. The consumers quantified their satisfaction with 

11



INDEPENDENT VARIABLES: 

Energy Source 

A. 

B. 

Cc. 

D. 

E. 

Conventional Electric Coil 

Solid Element 

Radiant Coil under 

Glass Ceramic 

Halogen under Glass- 
Ceramic 

Gas Flame 

Container Material 

A. 

B. 

E. 

F. 

Heavy Gauge Aluminum 

Thin Gauge Aluminum 

Heavy Gauge Stainless Steel 

with Thick Aluminum 
Heat Core 

Thin Gauge Porcelain-on- 
Aluminum Non-stick 

Glass-Ceramic 

Heavy Aluminum Non-stick 

User Interaction 

A. 

B. 

Figure 2. 

Knowledge 

Manipulation 

Empirical model: 
investigation. 

12 

DEPENDENT VARIABLES: 

Satisfaction 

A. 

B. 

Cc. 

User Interaction 

Cooking System - 
Performance 

1. Browning Patterns 

2. Time to Boil 

3. Retained Heat 

4. Cleanability 

Evaluation of Food 

1. Appearance 

2. Evenness of Cooking 

Knowledge 

Compatibility 

A. 

B. 

Cc. 

D. 

Evenness of Heating 

Speed of Heating 

Retained Heat 

Goodness of Fit 

Cleanability 

Independent and dependent variables under
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heat distribution by responding to items on the questionnaire regarding 

satisfaction with browning patterns (Appendix E, Part 2, Question 7). 

Time to boil. The time-to~-boil is the amount of time required to 

boil water and food. The consumers completed items on a questionnaire 

to quantify their satisfaction with the time to boil (Appendix E, Part 

2, Questions 8, 11, 14, and 15). 

Retained heat. The retained heat is the amount of heat that a 

cooking system will hold, after the control has been turned off, to 

complete the cooking or maintain food temperature when completing the 

preparation of other items on the menu. The consumers responded to 

questions on the questionnaire regarding satisfaction with retained 

heat. 

Evaluation of food. Charley (1982) indicated that in many 

situations, food of poor quality is eaten because none better is 

available. Improving the standards of acceptability for food rest 

mainly on the individual who selects, prepares, and serves food for the 

family. Quality of foods served in the home influences the standards of 

taste in the country (Appendix E, Part 2, Questions 12, 13, 16). 

Appearance. Appearance was evaluated using consumers’ responses 

to questions regarding the appearance of the food prepared when using a 

specific cooking system (Appendix E, Part 2, Question 12 and 16). 

Evenness of cooking. Evenness of cooking is a result of evenness 

of heat distribution. Consumers responded to a question regarding 

their satisfaction with evenness of cooking. Hence, consumer 

satisfaction of evenness of cooking was quantified using a questionnaire 

(Appendix E, Part 2, Question 7). 

Knowledge 

Consumers’ pretest and posttest knowledge level of cooking systems 

interaction was quantified by consumers responding to questions on the
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questionnaire regarding cooktops and cookware. 

Compatibility 

A scale of 15 points was developed to quantitatively evaluate the 

cooking system for evenness of heating, speed of heating, retained heat, 

goodness of fit, and cleanability. 

General Procedure 

Five types of cooktop and six types of cookware were used to form 

30 cooking systems (Table 1). The cooktops and cookware were 

representative of products commonly available and widely purchased in 

the United Stated. 

Cooktops Cookware 

Electric Metallic 
Conventional Electric Coil Stainless Steel 

Solid Element Porcelain on 

Aluminum 
Electric Radiant Coil with Non-Stick 

under Glass-Ceramic 

Heavy Gauge 
Halogen under Glass Ceramic Aluminum 

Gas Thin Gauge 

Aluminum 
Traditional Gas Flame 

Heavy Gauge 

Aluminum with 

Non-Stick 

Non-metal 
Glass Ceramic 

Fifteen consumers prepared a menu in quantities for four persons 

with 30 cooking systems in a random order. After preparing the menu 

with a specific cooking system, consumers completed a questionnaire. 

The following menu items were selected as representative of surface 

cooking operations identified by Weber (1958): 

    

Representative Food Cooking Operation 

Crepes Frying 
White Sauce Thermalization 
Chicken with White Sauce Warming (Rethermalization) 
Broccoli (Frozen) Waterless (Minimum Water) 
Carrots Boiling
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Table 1 

Design of Study: 30 Cooking Systems 

Cookware 
Thin Heavy Heavy Heavy Thin porc- Glass 
Alumin. Alumin. Alumin. S. Steel on-Alum. Ceramic 

N-Stick Alum. HC N-Stick 

  Cooktops 

Conventional 

Electric Coil 1 2 3 4 5 6 

  

Solid 

Element 7 8 9 10 11 12 

  

Radiant Coil 
u/ Glass 13 14 15 16 17 18 

Ceramic 
  

Halogen 

u/ Glass 19 20 21 22 23 24 
Ceramic 
  

Traditional 

Gas 25 26 27 28 29 30 

Flame                
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After preparing the menu with a specific cooking system, consumers 

completed a questionnaire to assess their satisfaction level. The total 

number of observations was 450 (5 Cooktops X 6 Cookware X 15 Consumers). 

The consumers were video taped during the meal preparation in 

order to later discover trends/ practices of the cooking system’s usage 

and preparation techniques employed by participants. The cooking habits, 

end points, and knowledge/ vocabulary were not controlled in order to 

allow for a true home experience simulation. The goal was that 

consumers would prepare the menu on specific cooking systems as they 

would at home. 

Selection of Participants 

The criteria for selection are that they are university students 

between the ages of 20 and 35 and know how to prepare the items in the 

menu. In order to have a more representative sample, no more than one 

third of the participants could have had a food selection and 

preparation or household equipment course. This demographic population 

was selected due to the increased probability that they had experienced 

cooking with a conventional electric coil or gas flame. It was assumed 

that they would have fewer preconceived ideas about the innovative 

cooktops under investigation. This demographic group traditionally is 

the innovative or early adopter of products. Hence, these consumers are 

the prospective buyers of the future. The solicitation of participants 

was conducted using a purposive sampling procedure, in order to hand 

pick the participants. This procedure was chosen due to the small 

number of participants desired and the difficulty in finding 

participants who meet the criteria, represent the population, and were 

willing to make a commitment to complete the experiment. 

It was assumed the participants would enter the study with 

preconceived ideas of how the cooking systems should perform and how
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food should be prepared. Therefore, each participant prepared the menu 

once on each of the 30 cooking systems randomly assigned. 

Delimitations 

Due to money, time constraints, and limited availability of the 

equipment to be tested, the following delimitations were established. 

1. Five types of cooktops were evaluated. 

2. Six types of cookware were evaluated. 

3. A sample of 15 consumers was chosen. 

4. One menu of 4 foods representing 4 cooking operations was prepared 

by each of the consumers with each of the 30 cooking systems. 

5. The 15 consumers used the same two sets of cookware. One set of 

cookware was used with cooktops with a thermal limiter, i.e., 

solid element, and radiant and halogen under glass ceramic. The 

second set of cookware was used with heat sources that did not 

contain a thermal limiter, i.e., conventional electric coil and 

gas flame. 

Data Analysis 

The study sample was homogeneous, due to selection criteria. 

Therefore, it was appropriate to use a parametric test. The data 

analysis included: Descriptive statistics, general linear model, T- 

test, and repeated measures ANOVA. 

Descriptive Statistics 

Descriptive statistics were used to determine frequencies, means, 

and modes of consumers’ responses regarding practices, knowledge, and 

Satisfaction with cooking systems’ interaction. 

General Linear Model 

A general linear model was used to determine a relationship 

between variables. The alpha value was set at 0.05 when determining the 

significance of the relationship. The reasons for utilizing the general
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linear model included the ability to filter variables, utilize up to 10 

independent variables, and set the alpha value. 

T - test 

T - test was used to determine if there was a significant 

difference between the participants’ knowledge before and after 

preparing the menu. The alpha value was set at 0.05 to determine if 

there was a significant difference between the variables. 

Repeated Measures 

To find support for the hypotheses to determine the interaction 

among the variables, a repeated measures ANOVA, using a 5 X 6 design 

(Figure 4) was employed. Toothaker (1991) defined multiple comparison as 

a comparison of J means as a linear combination of the means, such as 

the difference between two of the J means or the difference between one 

mean and the average of two other means (Figure 5). The utilization of 

repeated measures ANOVA decreases the probability of making a type I 

error by rejecting the null hypothesis incorrectly, compared to an 

ANOVA. Toothaker (1991) stated that in addition to the usual ANOVA 

assumptions of normality, equal variance, and independence, repeated 

measures ANOVA must meet the assumption of sphericity. Sphericity may 

be defined as equal variance of differences of observations for all 

possible pairs of levels of the repeated factors. Levels of factors 

were not employed in this project. Therefore, the alpha value was not 

increased. 

Repeated measures ANOVA was necessary in an experimental design in 

which each participant received all of the treatments; i.e., each of the 

15 participants prepared the research menu with each of the 30 cooking 

systems. The participants’ responses were compared to their own 

responses. The alpha was set at 0.05 when determining the significance 

of the main effect.
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Cookware 

Thin Heavy Heavy Heavy Thin porc- Glass 
Alumin. Alumin. Alumin. S. Steel on-Alum. Ceramic 

N-Stick Alum. HC N-Stick 

  Cooktops 

Conventional 

Electric Coil 

  

Solid 

Element 

  

Radiant Coil 

u/ Glass 
Ceramic 
  

Halogen 

u/ Glass 
Ceramic 
  

Traditional 
Gas 

Flame                 

Figure 4. Schematic for ANOVA of cooking system interaction.
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The model used to analyze the repeated measures ANOVA was A+B+AB+C 

(A = Cooktop, B = Cookware, AB = Cooktop and Cookware Interaction, and C 

= Consumers). The interaction was removed from the model because the 

computer could not analyze the large number of degrees of freedom for 

all of the models. Therefore, the remaining model terms, AC, BC, and 

ABC, were added to the error term causing an inflated error term. The 

simple effect was analyzed, even when the main effect was not 

Significant, in order to obtain the information not included in the 

model. Therefore, a more complete analysis was conducted. 

Compatibility Scale 

A compatibility scale was developed in order to determine the 

relationship between the compatibility of the total cooking system and 

the consumers’ overall or general satisfaction. The compatibility was 

developed as follows: 

(1) Five elements of information were included in the compatibility 

scale: Evenness of heating, speed of heating, retained heat, 

goodness of fit, and cleanability. 

(2) Three points were assigned for each of the five elements, making a 

total of 15 points. 

(3) Evenness of heating, speed of heating, and retained heat scores 

were determined using data collected during a previous 

cooktop/cookware interaction project (DeMerchant, 1992). A mean 

was determined for the overall total. Each cooking system mean 

was compared to the overall mean using the following procedure: 

(A) Evenness of heat distribution: If the system mean was 

greater than the overall mean then = 1 point; if the system 

mean equalled the overall mean then = 2 points; and if the 

system mean was less than the overall mean then = 3 points. 

(B) Speed of heating: If the system mean was less than the
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(D) 

(E) 
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overall mean then 1 point; if system mean equalled the 

overall mean then 2 points; and if the system mean was 

greater than the overall mean then = 3 points. 

Retained heat: If the system mean was less than the overall 

mean then = 1 point; if the system mean equalled the overall 

mean then = 2 points; and if the system mean was greater 

than the overall mean then = 3 points. 

Goodness of fit (cooking system): The diameter of the 

cooktop units and flat surface on cookware were measured. 

If neither the skillet nor sauce pan diameter corresponded s 

%" then = 1 point; if either the skillet or saucepan 

diameter corresponded s k" then = 2 points; and, if both the 

skillet and saucepan < %" then = 3 points. 

Cleanability: Repeated measures ANOVA analysis of cooktop 

and cookware cleanability means were determined for each 

participant, from the research project; calculated a mean 

for each individual cooktop, cookware, and overall mean; 

then the cooktop and cookware means were compared with 

overall mean. If the cooktop and cookware mean was less 

than the overall mean then = 3 points; if cooktop and 

cookware mean was equal to the overall mean then = 2 points; 

and, if cooktop and cookware mean was greater than the 

overall mean then = 1 point.



CHAPTER IV 

PRACTICES, KNOWLEDGE, AND ENERGY 

Introduction 

This chapter identifies the findings related to consumers’ 

knowledge, consumers’ practices, and energy consumption in regards to 

cooking system interaction. An analysis of energy consumption was added 

to facilitate validation of the previous work by Fechter and Porter 

(1978). Consumers‘ knowledge and practices were included to facilitate 

understanding of the findings in relationship to the hypotheses and 

establish a platform for the recommendation of future research. 

Demographic Characteristics 

Fifteen consumers (12 females and 3 males) participated in the 

study. The participants’ educational background included: (1) six 

undergraduate students, (2) seven master’s degree students, and (3) two 

doctoral students. The majority of the participants had had a household 

equipment or food preparation and meal management course. However, five 

of the 15 said the course covered cooktops and/ or cookware. Two of the 

participants responded yes to the cooktop/ cookware question, but no to 

the household equipment or food preparation and meal management course. 

Therefore, the researcher determined that the participants met the 

criteria set for participant selection. 

Practices 

The consumers were asked how they regularly prepare the foods 

included in the research menu. Their mode cooking response included: 

(1) boiled carrots, (2) steamed broccoli, and (3) rarely prepared white 

Sauce and/ or crepes. Therefore, most of the participants boiled 

carrots, steamed broccoli, and rarely prepared white sauce or crepes. 

Eleven of the participants had purchased cookware, while none of 

the participants had purchased a cooktop. When asked what type of 

24
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cooktops they used regularly, consumers response frequency (Table 2), 

was: (1) 15 - Conventional electric coil, (2) 1 - solid element, (3) 1 

~ radiant coil under glass ceramic, (4) 0 - halogen under glass ceramic, 

(5) 4 - gas flame, and (6) O - sealed gas flame. The cookware that 

consumers utilized regularly included: (1) 10 - aluminum, (2) 8 - 

stainless steel, (3) 1 - porcelain enamel-on-steel, (4) 2 -— porcelain 

enamel-on-aluminum, (5) 4- glass ceramic, (6) 1 - copper, and (7) 4 - 

cast iron. Fourteen of the participants used non-stick cookware 

regularly. The frequency of cookware gauge utilized by consumers was: 

(1) 2 - heavy gauge, (2) 10 - medium gauge, (3) 4 - thin gauge, and (4) 

2 - did not know cookware gauge used. 

Consumers were asked to rank order the cooking system qualities in 

order of importance. The pretest (Appendix E, Part 1, Question 17) 

response included: (1) even heat distribution, (2) speed of heating, (3) 

cleanability, and (4) retained heat. The consumers’ posttest (Appendix 

E, Part 3, Question 17) response was as follows: (1) even heat 

distribution, (2) cleanability, (3) speed of heating, and (4) retained 

heat. Therefore, after completing the 30 tests, consumers transposed 

the ranking of cleanability and speed of heating. 

Knowledge 

The 15 participants’ knowledge regarding cooktop and cookware 

interaction was tested in part 1 (pretreatment) and part 3 

(posttreatment) of the questionnaire (Appendix E). The mean knowledge 

score of part 1 was 44.53 (Figure 6). Part 2 mean knowledge score was 

72.27 (Figure 6). The total number of points was 100. 

The T-test analysis of the participants’ pretest and posttest 

knowledge of cooktops and cookware revealed a statistically significant 

difference between the pretest and posttest knowledge scores (T-test = 

-25.08 p<.05, CV = 1.761). Therefore, the difference between the
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Table 2 

Frequency of Consumers‘ Regularly Utilized Cooktops and Cookware 

  

Material and Gauge 

  

  

  

Cooktop Frequency 

Conventional Electric Coil 15 

Solid Element 1 

Radiant Coil under Glass Ceramic 1 

Halogen under Glass Ceramic 0 

Gas Flame 4 

Sealed Gas Flame 0 

Cookware Frequency 

Aluminum 10 

Stainless Steel 8 

Porcelain Enamel-on-Steel 1 

Porcelain Enamel-on-Aluminum 2 

Glass Ceramic 4 

Copper 1 

Cast Iron 4 

Gauge Frequency 

Heavy 2 

Medium 10 

Thin 4 

Did Not Know 2 
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Figure 6. Consumers’ pretest and posttest knowledge scores regarding 
cooktops and cookware.
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knowledge scores was by more than chance alone. 

The knowledge of the participants increased throughout the 

project. Consumers became more knowledgeable and comfortable with 

predicting the interaction of the system and controlling the heat. 

Therefore, in this study, experiences with a cooking system enabled the 

user to anticipate what will happen. 

Energy 

The repeated measures ANOVA of the electric energy consumption 

revealed statistically significant differences among the cooking systems 

and consumers. Total energy consumption of the cooking system was 

related to: (1) mass of the total system, (2) wattage rating of 

cooktop, (3) cooktop materials and configuration, (4) cookware materials 

and configuration, and (5) consumer habits and temperament. The 

differences among the cooking systems and the consumers were by more 

than chance alone. 

The quantitative support for this conclusion regarding energy 

consumption was derived from the significant differences among the 

cooking systems (Repeated Measures ANOVA, F-Ratio = 2.08 p< .05, CV 

1.69) (Tables 3 and Figure 8). There were statistically significant 

differences, regarding energy consumption (Table 3) among the: (1) 

Cooktops (Figure 7) (Repeated Measures ANOVA, F-Ratio = 26.75 p< .05, CV 

2.62), (2) Cookware (Figure 7) (Repeated Measures ANOVA, F-Ratio = 22.24 

p< .05, CV 2.23), and (3) Consumers (Figure 8) (Repeated Measures ANOVA, 

F-Ratio = 5.23 p< .05, CV 1.69). Repeated measures ANOVA was used 

because the energy used by each participant was compared with each of 

the 30 cooking systems. 

The analysis revealed that the main effect was significantly 

different. Duncan’s new multiple range test (p< .05) revealed 

significant differences among the simple effects. The analysis of the
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Analysis of Variance of Energy Consumption 

  

  

  

Source DF Sum-Squares Mean Square F-Ratio Prob>F 

Cooktop 3 651528.8 217176.3 26.75 0.0000 
Cookware 5 902693.3 180538.7 22.24 0.0000 
Interaction 15 252709.3 16847.3 2.08 0.0109 
Consumer 14 596758.9 42625.6 5.25 0.0000 

Error 322 2614318 8119.0 

TOTAL 359 5018009 

  

Note. p<.05
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simple effects revealed statistically significant differences among the 

cooktops (Table 4). There were statistically significant differences 

between: (1) solid element and conventional electric coil, (2) solid 

element and radiant coil under glass ceramic, and (3) solid element and 

halogen under glass ceramic. 

Significant differences among the cookware (Table 4) were 

determined utilizing Duncan’s new multiple range test (p< .05). There 

were significant differences between: (1) thin aluminum and stainless 

steel with an aluminum heat core, (2) thin aluminum and glass ceramic, 

(3) thin aluminum and heavy aluminum non-stick, (4) thin aluminum and 

thin porcelain enamel-on-aluminum non-stick, (5) thin aluminum and heavy 

aluminum, (6) heavy aluminum and stainless steel with an aluminum heat 

core, (7) thin porcelain enamel-on-aluminum non-stick and stainless 

steel with an aluminum heat core, (8) heavy aluminum non-stick and 

stainless steel with an aluminum heat core, (9) glass ceramic and 

stainless steel with an aluminum heat core. 

Discussion. The participants were provided instructions for using 

each cooktop and cookware prior to each test. It was observed that the 

consumers lacked the knowledge and experience needed to efficiently 

utilize the solid element cooktop and did not cook utilizing retained 

heat. Therefore, the solid element required more energy due to the mass 

of the system. Because instructions for stainless steel with aluminum 

disk cookware suggest low to medium heat, the participants did not use 

the high to medium setting utilized with the other cookware. Thin 

aluminum cookware warped or distorted due to the thin gauge. Thin 

aluminum cookware was divided into two sets and assigned to two groups 

of cooktops: (1) the thermal limiter cooktop, and (2) the traditional 

cooktop (conventional electrical coil and traditional gas flame). 

Cooktops with thermal limiters, theoretically, should not warp
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Table 4 

Means and Standard Errors for Energy Consumption by Cooktops, Cookware, 

and Consumers 

  

  

  

Count Mean Std.Error 

Watthours 

ALL 360 760.2 

Cooktop 
Conventional Electric Coil 90 738. 8° 9.5 

Solid Element 90 833.5° 9.5 
Radiant Coil u/Glass Ceramic 90 740. 3° 9.5 
Halogen u/Glass Ceramic 90 728.4* 9.5 

Cookware 
Thin Aluminum 60 822.3% 11.6 

Heavy Aluminum 60 783.5? 11.6 
Heavy Aluminum Non-Stick 60 766.9° 11.6 
Stainless Steel w/Aluminum HC 60 658.5° 11.6 
Thin Porc-on-Alum. Non-Stick 60 775.5° 11.6 
Glass Ceramic 60 754.8° 11.6 

Consumer 
1 24 774.7 18.4 

2 24 756.7 18.4 

3 24 748.8 18.4 
4 24 742.9 18.4 

5 24 848.3 18.4 

6 24 692.6 18.4 

7 24 730.1 18.4 
8 24 778.3 18.4 

9 24 734.9 18.4 
10 24 808.5 18.4 

11 24 727.3 18.4 
12 24 703.9 18.4 

13 24 781.2 18.4 

14 24 814.8 18.4 

15 24 760.8 18.4 

Note 

  

a,b,c Means with different letters are significant different (p< .05) 
using Duncan’s new multiple range test.
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the cookware, while the probability of warping the cookware was greater 

with traditional units. However, this was not true for the cookware 

used in the project. The thin aluminum cookware warped on all of the 

cooktops during the first test in which it was used. The warped pan 

caused the cooktop element to cycle more often than if the cookware was 

flat and absorbed the heat correctly from the element. Therefore, the 

thin aluminum cookware required more energy to complete the menu. 

Fechter and Porter (1978) studied kitchen range energy consumption 

utilizing 58 cooks who each prepared a seven day menu on one of 5 gas or 

5 electric ranges. Their results indicated a high variation in energy 

used by the different cooks on the same range for the same menu (as high 

as 50%). This project found a high variation (as high as 58 percent) in 

energy used by the different cooks on the same system. There were 

Significant differences among the cooktops, cookware, and consumers. 

The variation in individual temperament may contribute to the variation 

in energy consumption. Some individuals may rush and therefore, cook on 

high heat or high to medium. The participants’ differences in cooking 

habits included: Stirring and/or checking, and removing the cookware 

from the element during cooking. The participant with the highest 

energy consumption removed the skillet from the heat source after 

cooking each crepe. The participant took the skillet to the crepe 

batter, the sink, and/or a plate used to store the crepes. 

Peters and Hunt (1977) found that stainless steel cookware with an 

aluminum clad bottom was effective on all the ranges with respect to 

time and energy efficiency. This project validated their finding. 

Overby, Hobocienski, and Lewis (1978) suggested an important need 

to educate consumers in the life cycle cost concept. They further 

emphasized the importance to educate and help consumers become aware of
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system variables and their effect on end use efficiencies in cooktop 

cooking. Pots, pans, and elements or burners need to be designed as a 

system, which also importantly considers the human factor in end use 

energy efficiency. In this project, a need to educate consumers became 

apparent and, further, there is a need for manufacturers to design 

cookware and cooktop units.with a standardized diameter of the contact 

areas, in order to optimize energy efficiency.



Chapter V 

FINDINGS AND DISCUSSION 

Introduction 

Consumers’ satisfaction with cooking system interaction was 

investigated in this laboratory study. The cooktops utilized in this 

study included: Conventional electric coil, solid element, radiant coil 

under glass ceramic, halogen under glass ceramic, and gas flame. 

Cookware used in this study included: Thin aluminum, heavy aluminum, 

heavy aluminum non-stick, stainless steel with an aluminum heat core, 

thin porcelain enamel-on-aluminum, and glass ceramic. Fifteen consumers 

prepared a menu with each of the 30 cooking systems. Consumers 

completed a pretest knowledge, practice, and demographic portion (part 

1) of the questionnaire prior to working with the cooking systems. The 

satisfaction portion (part 2) of the questionnaire was completed after 

preparing the menu with each of the 30 cooking systems. The final 

portion (part 3) of the questionnaire, posttest knowledge, overall 

satisfaction, and characteristics of cookware and cooktops, was 

completed after the consumers had completed their use of the 30 cooking 

systems (Appendix E). 

This chapter presents the findings in relationship to nine 

hypotheses. The individual hypotheses were tested utilizing multiple 

questionnaire responses in order to determine the differences among the 

cooking systems with each cooking operation. 

Hypotheses 

Hypothesis 1: There is a relationship between the consumers‘ knowledge 
and overall satisfaction with a cooking system’s 
performance. 

Analysis. A general linear model was utilized to determine a 

relationship between the consumers’ knowledge and general satisfaction 

with the cooking systems’ interaction. Consumers’ knowledge was used as 

36
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the dependent variable, as an outcome of satisfaction, while the 

consumers’ general satisfaction with cooking systems’ interaction was 

the independent variable. As consumers’ knowledge level increased, the 

level of satisfaction increased. The relationship between consumers’ 

knowledge, before completing the 30 treatments, and general satisfaction 

with the cooking systems was not statistically significant. There was a 

statistically significant difference in the consumers’ knowledge, after 

completing the 30 treatments, and general satisfaction with the cooking 

system. The differences among the cooking systems were caused by more 

than chance alone. Consumers with the greatest increase in knowledge 

experienced the greatest satisfaction with cooking systems’ interaction. 

The quantitative support for this conclusion regarding the 

relationship between consumers’ knowledge (after treatment) and general/ 

overall satisfaction with the cooking systems’ interaction was derived 

from the significant relationship between the variables (General Linear 

Model, F-Ratio = 4.20 p< .05, CV 2.39) (Table 5). However, there was no 

significant relationship between consumers’ knowledge (before treatment) 

and general/overall satisfaction with the cooking systems’ interaction 

(General linear model, F-Ratio = 1.19 p< .05, CV 2.39) (Table 6). 

Discussion. It seems that the relationship between consumers’ 

satisfaction and their knowledge was due to: (1) increased ability to 

control the heat, (2) increased user interaction, (3) material 

characteristics, and (4) cooktop characteristics. Consumers inferred 

information from previous tests, in order to anticipate the performance 

of the cooking system under investigation. The consumers’ remarks 

included, this: (1) cooktop retains heat a long time, (2) cookware heats 

up fast, (3) cooktop heats up fast, (4) cookware retains heat, and 

(S) cooktop controls need to be adjusted differently from last time. 

As the consumers were able to anticipate the performance of the
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Table 5 

Analysis of Variance of Relationship between Consumers’ Posttest 

Knowledge and General Satisfaction with Cooking Systems’ Interaction 

  

  

  

Source DF Sum-Squares Mean Square F-Ratio Prob>F 

General Satisfaction 4 3192.4 798.1 4.20 0.0024 
ERROR 445 84615.6 190.1 

TOTAL 449 87808 

  

Note. p<.05
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Table 6 

Analysis of Variance of Relationship Between Consumers’ Pretest 

Knowledge and General Satisfaction with Cooking Systems’ 

  

  

  

Interaction 

Source DF Sum-Squares Mean Square F-Ratio Prob>F 

General Satisfaction 4 1681.0 420.3 1.19 0.3157 
ERROR 445 157551 354.0 

TOTAL 449 159232 

  

Note. p<.05
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cooking system, their satisfaction level increased. They often 

commented on the performance of the cooking system after completing the 

investigation. If the consumers were able to anticipate the performance 

of the cooking system, then they might remark “not bad,“ for a cooking 

system with limited compatibility. 

Hypothesis 2: There is a correlation between the consumers’ 

satisfaction with a cooking system and the optimum 
compatibility of the cooking system components. 

Analysis. A general linear model was utilized to determine a 

relationship between the optimum compatibility of the cooking systems 

and general satisfaction with the cooking systems. The optimum 

compatibility of the cooking systems was used as the independent 

variable, while the consumers’ general satisfaction with a cooking 

system was the dependent variable or was the outcome of optimum 

compatibility. As the optimum compatibility of the cooking system 

increased, the level of satisfaction increased. The relationship of the 

cooking systems’ compatibility and the level of overall satisfaction is 

due to speed of heating, retained heat, evenness of heat distribution, 

cleanability, and goodness of fit. There was a statistically 

Significant relationship between the optimum compatibility of the 

cooking system and general satisfaction with the cooking system. The 

null hypothesis was rejected. Therefore, consumers’ increase in 

satisfaction was an outcome of increased compatibility within the 

cooking systems. 

The quantitative support for this conclusion regarding the 

relationship between the cooking systems‘ compatibility and general/ 

overall satisfaction with the cooking systems’ interaction was derived 

from the significant relationship between the variables (General Linear 

Model, F-Ratio = 19.95 p< .05, CV 2.39) (Table 7). 

Discussion. The research literature regarding the relationship
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Table 7 

Analysis of Variance of Relationship Between Cooking Systems’ 

Compatibility and General Satisfaction with Cooking Systems’ 

  

  

  

Interaction 

Source DF Sum-Squares Mean Square F-Ratio Prob>F 

Compatibility 7 134.6 19.2 19.95 0.0000 
ERROR 442 426.1 -96 

TOTAL 449 560.8 

  

Note. p<.05
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between consumers’ satisfaction with cooking systems was extremely 

limited. The amount of tolerance that a cooking system has influenced 

consumers‘ satisfaction level. Consumers’ individual cooking habits 

required different types and levels of tolerance. The participants’ 

variation of cooking habits included: (1) leaving the room, (2) 

continually stirring or manipulating the food, (3) talking, singing, and 

dancing, (4) daydreaming or planning other events, (5) washing dishes, 

(6) sitting down, (7) eating and/or drinking, (8) always cooking on high 

heat, and (9) standing and watching the cooking, without always 

manipulating the food. Therefore, the temperament and habits of the 

participants required that various levels of tolerance be built into the 

cooking systems through: (1) cookware gauge, material, construction, 

flatness, finish, cover tightness, diameter of contact area, 

Cleanability, and/ or design; (2) cooktop unit diameter, wattage, 

control device, and cleanability. 

Buttery (1987) stated that high quality saucepans and frying pans 

are required to ensure good performance of all electric cooktops. 

Scheidler (1985) emphasized the importance of consideration of the 

cooking habits in order to deduce the correct development goals for 

further optimization of the cooking system. Overby, Hobocienski, and 

Lewis (1978) expanded the cooking system concept to include the food 

being cooked and the cooking habits of the cook. The characteristics of 

the cooktop and cookware must be considered, as a unit, when determining 

compatibility of the cooking system and ultimately, consumer 

satisfaction. 

Hypothesis 3: Consumers will attribute performance to the cookware. 

Analysis. Descriptive statistics revealed the mode response was 

that consumers attributed general results to the cookware. Categorical 

data were utilized to determine which component of the cooking system
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consumers attribute performance results to (Appendix E, Part 2, Question 

1). The quantitative support for this conclusion was derived by 

determining the mode response for the category of cookware versus 

cooktop. Consumers were asked, what do you attribute the most important 

results of the cooking system performance to. By frequency the 

responses included: Cooktop (217), cookware material (127), cookware 

gauge (43), cookware design (38), cookware finish (20), and cookware 

flatness (5). The most frequent cookware response was material. If the 

cookware responses were added together, the total cookware (233) 

responses exceeded the total cooktop response (217) (Figure 9). 

Discussion. The cooktop is the most expensive item of the cooking 

system and is seen as changing or innovative. The cooktop can not be 

moved as easily as the cookware. The consumers can more easily replace 

and manipulate the cookware. 

This project utilized cooktops and cookware readily available on 

the United States market, to simulate consumers’ home usage. Therefore, 

cooktop unit and contact area of the cookware could not be controlled. 

The diameter of the skillet (10 inches) and the capacity (2 quart) of 

the saucepan, was controlled as much as possible. Therefore, 

mismatched cooktop and cookware diameters were used in this study. 

Buttery (1987) stated, use of poor quality saucepans and skillets 

along with mismatching of the cookware to the diameter of the heat 

source both lead to over-frequent thermal limiter operation and extended 

boiling times. As a result, cooktop performance is perceived as poor 

and can be a major cause of consumer dissatisfaction. Scheidler (1985) 

reported that if the cooktop is correctly equipped with various heating 

element sizes, and if cookware quality and sizes are recommended to the 

consumer, the user will be fully satisfied with the performance of the 

cooktop with respect to energy consumption and heat-up time. Therefore,



44 

200 

150 
Frequency of 

Response 
100 

50   

  

Questionnaire Response 

Figure 9. Consumers attribute general results distribution.



45 

as long as the United States market offers consumers a variety of 

cooktop unit and cookware contact area diameters, consumers will 

continue to experience dissatisfaction with cooking system performance. 

Hypothesis 4: There is no difference in consumer satisfaction with 
cookware of different gauges, although heavy gauge 

cookware distributes heat more evenly. 

Principle. If the horizontal and vertical distances are equal, 

then even browning occurs. Therefore, heavy gauge cookware 

characteristically has more even heat distribution, due to heat being 

transferred horizontally as well as vertically in approximately the same 

length of time (Martin, Lovingood, Long, & Schnepf, 1990). 

Analysis. Repeated measures ANOVA was conducted in place of a 

one-way ANOVA, due to the consumers‘ inability to separate the various 

aspects of the interaction and inconsistency of the consumers’ 

responses. The repeated measures ANOVA of the consumers’ satisfaction 

with the crepes’ browning pattern as an indication of evenness of 

heating and gauge revealed significant differences among the cookware 

(Appendix E, Part 2, Question 7). Hence, the null hypothesis was 

rejected. The differences among the satisfaction with crepes‘ browning 

as an indication of evenness of heating and gauge was more than by 

chance alone. The quantitative support for this conclusion was derived 

from the lack of significant relationship among the cookware (Repeated 

Measures ANOVA, F-Ratio = 56.14 p< .05, CV 2.21) (Table 8). Six types 

of cookware were analyzed. The repeated measures ANOVA was used since 

each participant was compared with each cooking system. 

Higher means (Table 9), indicated greater dissatisfaction. 

Duncan’s new multiple range test (p< .05) revealed the significant 

differences between: (1) glass ceramic and thin aluminum, (2) glass 

ceramic and heavy aluminum, (3) glass ceramic and heavy aluminum non- 

stick, (4) glass ceramic and stainless steel with aluminum disk, (5)
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Analysis of Variance of Consumers’ 

of Heating as Indicated by Frying Crepes 
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Satisfaction with Evenness 

  

  

  

Source DF Sum-Squares Mean Square F-Ratio Prob>F 

Cooktop 4 9.6. 2.4 2.19 0.0690 
Cookware 5 306.8 61.4 56.14 0.0000 
Interaction 20 33.2 1.7 1.52 0.0708 
Consumer 14 44.7 3.2 2.92 0.0003 
ERROR 406 443.7 1.1 

TOTAL 449 838 

  

Note. p<.05
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Table 9 

Means and Standard Errors of Consumers’ Satisfaction with 

Evenness of Heating as Indicated by Frying Crepes 

  

  

  

Count Mean Std.Error 

ALL 450 2.9 

Cookware 
Thin Aluminum 75 3.6° -12 
Heavy Aluminum 75 2.6% 12 
Heavy Aluminum Non-Stick 75 2.2° .12 
Stainless Steel w/Aluminum HC 75 2.5% -12 
Thin Porc-on-Aluminum Non-Stick 75 2.2° 12 

Glass Ceramic 75 4.4° 12 

Note. 

  

Satisfaction Scale 

1 Very Satisfied 
2 Somewhat Satisfied 

3 Neither Satisfied Nor Dissatisfied 

4 Somewhat Dissatisfied 

5 Very Dissatisfied 

a,b,c Means with different letters are significantly different (p< .05) 

using Duncan’s new multiple range test.
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glass ceramic and thin porcelain enamel-on-aluminum non-stick, (6) thin 

aluminum and heavy aluminum, (7) thin aluminum and heavy aluminum non- 

stick, (8) thin aluminum and stainless steel with aluminum disk, (9) 

thin aluminum and thin porcelain enamel~on-aluminum non-stick, (10) 

heavy aluminum non-stick and heavy aluminum, and (11) heavy gauge 

aluminum and thin porcelain enamel-on-aluminum non-stick (Figure 10). 

Discussion. Weber (1958) stated that frying is done entirely by 

bottom heat, therefore, utensils should provide an even bottom 

temperature. He suggested that a minimum of heat should be lost through 

the side walls. Hence, the side walls should be thin, thus restricting 

heat conduction to side walls. However, the pan should be reasonably 

heavy and a good heat conductor. 

When studying the scientific principles of cooking systems, Martin 

(1988) found that there were significant differences among the cookware 

for evenness of heating and retained heat. However, Martin found 

significant differences among the cookware in relation to speed of 

heating. Scheidler (1987) found that increasing cookware bottom 

thickness means better radial thermal conduction in the cookware bottom, 

improves the cookware bottom temperature distribution, and prevents hot 

spots. This project found significant differences in consumer 

satisfaction among the cookware. 

The glass ceramic cookware utilized in this project was heavy. 

However, glass ceramic is a poor conductor of heat. Consumers were 

dissatisfied with cooking systems that utilized glass ceramic cookware 

with a cooktop in which the cookware base was not 100 percent in contact 

with the cooktop unit, i.e., solid element, gas flame, and conventional 

electric coil. The participants described crepes fried in the glass 

ceramic skillet on those cooktops as having a "bagel effect," an uncook- 

ed center surrounded by a ring of fully cooked batter. The “bagel
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Figure 10. Consumers’ satisfaction with evenness of heating as 
indicated by frying crepes.
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effect" occurred because of the area in the center of the skillet that 

was in contact with a cool section in the center of the heat source. 

Hypothesis 5: There is no difference in consumer satisfaction with 
greater mass of the cooking system. Although a greater 

amount of time is required for the rate of heat transfer 
to the cookware to be appreciable, the difference is not 

great enough to be observed by consumers. 

Principle. Mass of the cooking system is inversely related to the 

speed of heating and related to the retained heat of the total system. 

Therefore, cooking time is related to the mass of the total system. The 

specific heat of the material influences the quantity of heat needed to 

change the temperature. 

Analysis - frying. The repeated measures ANOVA of the consumers’ 

satisfaction with the time necessary to cook the crepes revealed no 

significant differences among the systems. The quantitative support for 

this conclusion was derived from the lack of significant relationship 

among the cooking systems (Repeated Measures ANOVA, F-Ratio = 1.51 p< 

-05, CV 1.57) (Table 10). However, there were significant differences, 

regarding time to cook crepes, among the: (1) Cooktops (Repeated 

Measures ANOVA, F-Ratio 3.76 p< .05, CV 2.37), (2) Cookware (Repeated 

Measures ANOVA, F-Ratio 28.76 p< .05, CV 2.21), and (3) Consumers 

(Repeated Measures ANOVA, F-Ratio = 5.30 p <.05, CV 1.67) (Table 10). 

Repeated measures ANOVA was used because each participant was compared/ 

analyzed with each of the 30 cooking systems. Differences among the 

cooking systems were by chance alone. Therefore, the null hypothesis is 

retained. Therefore, consumers did not find real differences in the 

time needed to fry crepes among the cooking systems. 

Higher means (Table 11) indicated greater dissatisfaction. 

Duncan’s new multiple range test (p< .05) revealed significant 

differences among the cooktops, specifically between: (1) gas flame and 

conventional electric coil, (2) gas flame and halogen under glass
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Analysis of Variance of Consumers’ 
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Satisfaction with Speed of 

Heating as Indicated by Frying Crepes 

  

  

  

Source DF Sum-Squares Mean Square F-Ratio Prob>F 

Cooktop 4 14.5111 3.62778 3.76 0.0051 
Cookware 5 138.5711 27.71422 28.76 0.0000 
Interaction 20 29.0622 1.45311 1.51 0.0744 
Consumer 14 71.5111 5.10794 5.30 0.0000 
ERROR 406 391.2889 -96377 

TOTAL 449 644.9445 

  

Note. p<.05
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Table 11 

Means and Standard Errors of Consumers‘ Satisfaction with Speed 

of Heating as Indicated by Frying Crepes 

  

  

  

Count Mean Std.Error 

ALL . 450 2.6 

Cooktop 
Conventional Electric Coil 90 2.5% -10 

Solid Element 90 2.8% -10 
Radiant Coil u/ Glass Ceramic 90 2.5% .10 
Halogen u/ Glass Ceramic 90 2.4% -10 
Gas Flame 30 2.9° -10 

Cookware 

Thin Aluminum 75 3.1? -11 
Heavy Aluminum 75 2.4? -11 
Heavy Aluminum Non-Stick 75 2.14 -11 
Stainless Steel w/ Aluminum HC 75 2.5° -11 
Thin Porc-on-Aluminum Non-Stick 75 2.0° -il 

Glass Ceramic 75 3.5% ell 

Consumer 

1 30 2.9 -18 

2 30 2.0 -18 

3 30 2.8 18 

4 30 2.4 -18 
5 30 2.4 -18 
6 30 2.5 -18 

7 30 3.4 -18 
8 30 2.9 -18 
9 30 1.9 -18 
10 30 2.6 -18 
11 30 2.9 -18 
12 30 2.2 -18 
13 30 2.8 -18 
14 30 2.4 -18 

15 30 3.0 -18 

Note. 

  

Satisfaction Scale 
1 Very Satisfied 
2 Somewhat Satisfied 

3 Neither Satisfied Nor Dissatisfied 

4 Somewhat Dissatisfied 
5 Very Dissatisfied 

a,b,c Means with different letters are significantly different (p< .05) 

using Duncan‘s new multiple range test.
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ceramic, (3) gas flame and radiant coil under glass ceramic, (4) solid 

element and radiant coil under glass ceramic, and (5) solid element and 

halogen under glass ceramic (Figure 11). 

Significant differences among the cookware (Table 11) based on 

Duncan’s new multiple range test (p< .05 ) were between: (1) glass 

ceramic and thin porcelain enamel-on-aluminum non-stick, (2) glass 

ceramic and heavy aluminum non-stick, (3) glass ceramic and heavy 

aluminum, (4) glass ceramic and stainless steel with aluminum disk, (5) 

glass ceramic and thin aluminum, (6) thin aluminum and thin porcelain 

enamel-on-aluminum non-stick, (7) thin aluminum and heavy aluminum, (8) 

thin aluminum and stainless steel with aluminum disk, (9) stainless 

steel with aluminum disk and thin porcelain enamel-on~-aluminum non- 

stick, (10) stainless steel with aluminum disk and heavy aluminum 

non-stick, and (11) heavy aluminum and thin porcelain enamel-on-aluminum 

non-stick (Figure 11). 

Analysis - thermalization. The repeated measures ANOVA of the 

consumers’ satisfaction with the time necessary to cook the white sauce 

revealed no significant differences among the systems. The quantitative 

support for this conclusion was derived from the lack of significant 

relationships among the: (1) Cooking systems (Repeated Measures ANOVA, 

F-Ratio = 0.84 p< .05, CV 1.57), and (2) Cooktops (Repeated Measures 

ANOVA, F-Ratio = 3.76 p< .05, CV 2.37) (Table 12). However, there were 

significant differences, regarding time to cook white sauce, among the: 

(1) Cookware (Repeated Measures ANOVA, F-Ratio = 9.12 p< .05, CV 2.21), 

and (2) Consumers (Repeated Measures ANOVA, F-Ratio = 8.29 p< .05, CV 

1.67) (Table 12 and Figure 12). Repeated measures ANOVA was used 

because each participant was compared/analyzed with each of the 30 

cooking systems. The differences among the cooking systems were by 

chance alone. Therefore, the null hypothesis was retained. Therefore,
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Figure 11. Consumers’ mean satisfaction with speed of heating as 
indicated by frying crepes.



Table 12 
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Analysis of Variance of Consumers’ Satisfaction with Speed of 

Heating as Indicated by Thermalization Cooking Operation 

  

  

  

Source DF Sum-Squares Mean Square F-Ratio Prob>F 

Cooktop 4 - 6889 17222 0.32 0.8678 

Cookware 5 24.9067 4.98133 9.12 0.0000 

Interaction 20 9.2045 -46022 0.84 0.6613 
Consumer 14 63.4 4.52857 8.29 0.0000 

ERROR 406 221.8 -54631 

TOTAL 449 320 

  

Note. p<.05
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Figure 12. Consumers’ mean satisfaction with speed of heating as 
indicated by thermalization cooking operation.
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consumers did not find real differences in the time needed to make a 

white sauce among the cooking systems. 

Higher means (Table 13) indicated greater dissatisfaction. 

Duncan’s new multiple range test (p< .05) revealed significant 

differences among the cookware. Significant differences were found 

between: (1) glass ceramic and thin aluminum, (2) glass ceramic and 

heavy aluminum, (3) glass ceramic and heavy aluminum non-stick, (4) 

glass Ceramic and stainless steel with aluminum disk, (5) glass ceramic 

and thin porcelain enamel~on-aluminum non-stick, (6) thin aluminum and 

heavy aluminum non-stick, (7) thin aluminum and thin porcelain enamel- 

on-aluminum, (8) heavy aluminum non-stick and heavy aluminum, (9) heavy 

aluminum non-stick and thin porcelain enamel-on-aluminum non-stick. 

Analysis - waterless cooking. The repeated measures ANOVA of the 

consumers’ satisfaction with the time necessary to cook the broccoli 

revealed no significant differences among the systems. The quantitative 

support for this conclusion was derived from the lack of significant 

relationships among the: (1) Cooking systems (Repeated Measures ANOVA, 

F-Ratio = 1.23 p< .05, CV 1.57), and (2) Cooktops (Repeated Measures 

ANOVA, F-Ratio = 0.41 p< .05, CV 2.37) (Table 14). However, there were 

significant differences among the: (1) Cookware (Repeated Measures 

ANOVA, F-Ratio = 7.29 p< .05, CV 2.21), and (2) Consumers (Repeated 

Measures ANOVA, F-Ratio = 18.14 p< .05, CV 1.67) (Table 14). Repeated 

measures ANOVA was used because each participant was compared/analyzed 

with each of the 30 cooking systems. The differences among the cooking 

systems were by chance alone. Therefore, the null hypothesis was 

retained. Therefore, consumers‘ did not find real differences in the 

time needed to cook broccoli among the cooking systems. 

Higher means (Table 15) indicate greater dissatisfaction. 

Duncan’s new multiple range test (p< .05) revealed the significant
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Table 13 

Means and Standard Errors of Consumers‘ Satisfaction with Speed 

of Heating as Indicated by Thermalization Cooking Operation 

  

  

  

Count Mean Std.Error 

AALL 450 2.2 

Cooktop 
Conventional Electric Coil 90 2.2 -08 
Solid Element 90 2.3 -08 
Radiant Coil u/ Glass Ceramic 90 2.2 -08 

Halogen u/ Glass Ceramic 90 2.2 -08 
Gas Flame 90 2.2 -08 

Cookware 

Thin Aluminum 75 2.4? 8.53 
Heavy Aluminum 75 2.1° 8.53 
Heavy Aluminum Non-Stick 75 1.9° 8.53 
Stainless Steel w/ Aluminum HC 75 2.1>° 8.53 
Thin Porc-on-Aluminum Non-Stick 75 2.19 8.53 
Glass Ceramic 75 2.6° 8.53 

Consumers 

1 30 2.4 .13 
2 30 1.5 .13 
3 30 2.5 -13 

4 30 2.2 .13 
5 30 2.4 ~13 

6 30 2.1 -13 

7 30 2.2 -13 
8 30 2.5 .13 
9 30 1.4 ~13 

10 30 2.2 -13 

11 30 2.3 -13 
12 30 1.9 -13 

13 30 2.1 -13 
14 30 2.8 -13 

15 30 2.7 -13 

Note. 

  

Satisfaction Scale 

1 Very Satisfied 
2 Somewhat Satisfied 

3 Neither Satisfied Nor Dissatisfied 

4 Somewhat Dissatisfied 
5 Very Dissatisfied 

a,b,c Means with different letters are significantly different (p< .05) 
using Duncan‘’s new multiple range test.
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Table 14 

Analysis of Variance of Consumers’ Satisfaction with Speed of 

Heating as Indicated by Waterless Cooking 

  

  

  

Source DF Sum-Squares Mean Square F-Ratio Prob>F 

Cooktop 4 1.08 .27~=— 0.41 0.8046 
Cookware 5 24.2578 4.85155 7.29 0.0000 
Interaction 20 16.3867 - 81933 1.23 0.2244 
Consumer 14 169.0578 12.07556 18.14 0.0000 
ERROR 406 270.2755 - 66570 

TOTAL 449 481.0578 

  

Notes. p<.05
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Table 15 

Means and Standard Errors of Consumers’ Satisfaction with 

Speed of Heating as Indicated by Waterless Cooking 

  

  

  

Count Mean Std.Error 

ALL 450 2.3 

Cooktop 

Conventional Electric Coil 30 2.3 8.6 
Solid Element 90 2.3 8.6 

Radiant Coil u/ Glass Ceramic 90 2.2 8.6 
Halogen u/ Glass Ceramic 90 2.2 8.6 
Gas Flame 90 2.3 8.6 

Cookware 
Thin Aluminum 75 2.5% 9.4 

Heavy Aluminum 75 2.2° 9.4 
Aluminum Non-Stick 75 2.1> 9.4 
Stainless Steel w/ Aluminum HC 75 2.2% 9.4 
Thin Porc-on-Aluminum Non-Stick 75 2.0° 9.4 
Glass Ceramic 75 2.7° 9.4 

Consumers 

1 30 2.2 15 
2 30 1.7 -15 

3 30 2.7 -15 

4 30 2.1 -15 
5 30 2.5 15 

6 30 1.6 .15 
7 30 2.3 15 

8 30 2.4 15 
9 30 1.3 -15 
10 30 2.1 -15 
11 30 2.2 15 
12 30 2.0 -15 
13 30 2.2 .15 
14 30 2.7 -15 
15 30 4.1 15 

Note. 

Satisfaction Scale 
Very Satisfied 
Somewhat Satisfied 

Neither Satisfied Nor Dissatisfied 

Somewhat Dissatisfied 
Very Dissatisfied O

b
 
W
N
P
e
 

a,b,c Means with different letters are significantly different (p< .05) 
using Duncan’s new multiple range test.
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aifferences among the cookware. Significant differences were found 

between: (1) glass ceramic and thin porcelain enamel-on-aluminum, (2) 

glass ceramic and heavy aluminum non-stick, (3) glass ceramic and heavy 

aluminum, (4) glass ceramic and stainless steel with aluminum disk, (5) 

thin aluminum and thin porcelain enamel~on-aluminum non-stick, (6) thin 

aluminum and heavy aluminum non-stick, and (7) thin aluminum and heavy 

aluminum (Figure 13). 

Analysis - boiling. The repeated measures ANOVA of the consumers’ 

satisfaction with the time necessary to cook the carrots revealed no 

significant differences among the systems. Mass of the cooking system 

was related to the speed of heating and retained heat of the system. 

Therefore, cooking time was related to the mass of the system. The 

quantitative support for this conclusion was derived from the lack of 

significant relationships among the: (1) Cooking systems (Repeated 

Measures ANOVA, F-Ratio = 1.29 p< .05, CV 1.57), and (2) Cooktops 

(Repeated Measures ANOVA, F-Ratio = 1.10 p< .05, CV 2.37) (Table 16). 

However, there were significant differences among the: (1) Cookware 

(Repeated Measures ANOVA, F-Ratio = 8.03 p< .05, CV 2.21), and (2) 

Consumers (Repeated Measures ANOVA, F-Ratio = 13.60 p< .05, CV 1.67) 

(Table 16). Repeated measures ANOVA was used because each participant 

was compared/analyzed with each of the 30 cooking systems. The 

differences among the cooking systems were by chance alone. Therefore, 

the null hypothesis was retained. Therefore, consumers did not find 

real differences in the time needed to boil carrots among the cooking 

systems. 

Higher means (Table 17) indicate greater dissatisfaction. 

Duncan’s new multiple range test (p< .05) revealed the significant 

differences in cookware satisfaction between: (1) glass ceramic and thin 

porcelain enamel-on-aluminum, (2) glass ceramic and heavy aluminum non-
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Figure 13. Consumers’ mean satisfaction with speed of heating as 
indicated by waterless cooking.



Table 16 

Analysis of Variance of Consumers’ Satisfaction with Speed of 

Heating as Indicated by Boiling Carrots 
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Source DF Sum-Squares Mean Square F-Ratio Prob>F 

Cooktop 4 2.3422 -585556 1.10 0.3559 
Cookware 5 21.36 4.272 8.03 0.0000 
Interaction 20 13.6844 - 684222 1.29 0.1835 
Consumer 14 101.32 7.237143 13.60 0.0000 
ERROR 406 216.0133 -532053 

TOTAL 449 354.72 

  

Note. p<.05
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Table 17 

Means and Standard Errors of Consumers Satisfaction with Speed of 

Heating as Indicated by Boiling Carrots 

  

  

  

Count Mean Std.Error 

ALL 450 2.1 

Cooktop 
Conventional Electric Coil 90 2.0 7.7 

Solid Element 90 2.1 7.7 
Radiant Coil u/ Glass Ceramic 90 2.0 7.7 
Halogen u/ Glass Ceramic 90 2.2 7.7 
Gas Flame 90 2.0 7.7 

Cookware 

Thin Aluminum 75 2.3°* 8.4 

Heavy Aluminum 75 2.1° 8.4 
Heavy Aluminum Non-Stick 75 1.8° 8.4 
Stainless Steel w/ Aluminum HC 75 1.9° 8.4 
Thin Porc-on-Alum Non-Stick 75 1.8° 8.4 

Gas Flame 75 2.3° 8.4 

Consumer 

1 30 2.2 -13 

2 30 1.6 ~13 
3 30 2.0 -13 
4 30 2.4 -13 

5 30 2.0 -13 

6 30 1.2 -13 

7 30 1.9 13 
8 30 2.2 -13 

9 30 1.2 -13 

10 30 2.1 13 
11 30 2.6 ~13 
12 30 1.8 -13 

13 30 2.1 -13 

14 30 2.7 -13 
15 30 2.9 -13 

Note. 
Satisfaction Scale 

Very Satisfied 
Somewhat Satisfied 

Neither Satisfied Nor Dissatisfied 
Somewhat Dissatisfied 
Very Dissatisfied W

m
 
W
N
P
 

a,b,c Means with different letter are significantly different (p< .05) 
using Duncan’s new Multiple range test.
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stick, (3) glass ceramic and stainless steel with an aluminum disk, (4) 

glass ceramic and heavy aluminum, (5) thin aluminum and thin porcelain 

enamel-on-aluminum, (6) thin aluminum and heavy aluminum non-stick, and 

(7) thin aluminum and stainless steel with an aluminum disk, (8) thin 

aluminum and heavy aluminum (Figure 14). 

Analysis summary. The hypothesis was test for differences among 

the cooking systems. The null hypothesis was retained for each of the 

cooking operations investigated. Hence, greater mass of the cooking 

systems did not significantly influence consumer satisfaction. However, 

there were significant differences among the cookware for each of the 

cooking operations. Also, consumers’ satisfaction with frying revealed 

statistically significant differences among the cooktops. 

Discussion. The research available related to speed of heating 

and retained heat is limited. In a controlled laboratory study, Martin 

(1988) found significant differences among the systems with respect to 

speed of heating and retained heat. Consumers observed the effect of 

the mass of the cooking systems through the differences in necessary 

cooking times among the cooking systems. However, the differences among 

the cooking systems were not great enough to affect their satisfaction. 

Hypothesis 6: There is no difference in consumer satisfaction with 
cooktops in which the heating element is separated from 
the pan by an intervening space or material. Although a 
longer time to gain or lose heat is required, due to an 
increase in time for appreciable heat transfer, the 

difference is not great enough to be observed by 
consumers. 

Principle. Intervening space and/or material in the cooking 

system impacts the speed of heating and retained heat of the total 

system. Glass ceramic cooktops contain an intervening space between the 

heating element and the cooktop panel. The heating element must radiate 

heat to the glass ceramic which then heats the pan by conduction from 

the cooktop. The solid element takes longer to heat up due to the
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Figure 14. Consumers’ mean satisfaction with speed of heating indicated 
by boiling carrots.
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intervening material, but heat is conducted more uniformly to the 

cookware. Therefore, cooking time is related to the quantity of 

intervening space and material. 

Analysis - frying. The repeated measures ANOVA of the consumers’ 

satisfaction with the time necessary to cook the crepes revealed no 

Significant differences among the systems. The quantitative support for 

this conclusion was derived from the lack of significant relationships 

among the cooking systems (Repeated Measures ANOVA, F-Ratio = 1.51 p< 

-0O5, CV 1.57) (Table 18). However, there were significant differences, 

regarding time to cook crepes, among the: (1) Cooktops (Repeated 

Measures ANOVA, F-Ratio = 3.76 p< .05, CV 2.37), (2) Cookware (Repeated 

Measures ANOVA, F-Ratio 28.76 p< .05, CV 2.21), and (3) Consumers 

(Repeated Measures ANOVA, F-Ratio = 5.30 p <.05, CV 1.67) (Table 18). 

Repeated measures ANOVA was used because each participant was compared/ 

analyzed with each of the 30 cooking systems. The differences among the 

cooking systems were by chance alone. The null hypothesis was retained. 

Therefore, consumers did not find real differences in the time needed to 

fry crepes among the cooking systems. 

Higher means (Table 19) indicated greater dissatisfaction. 

Duncan’s new multiple range test (p< .05) revealed the significant 

differences among cooktops were between: (1) gas flame and conventional 

electric coil, (2) gas flame and halogen under glass ceramic, (3) gas 

flame and radiant coil under glass ceramic, (4) solid element and 

radiant coil under glass ceramic, and (5) solid element and halogen 

under glass ceramic (Figure 15). 

Significant differences among the cookware (Table 19) were 

determined utilizing Duncan’s new multiple range test (p< .05 ) 

included: (1) glass ceramic and thin porcelain enamel-on-aluminum non- 

stick, (2) glass ceramic and heavy aluminum non-stick, (3) glass ceramic
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Table 18 

Analysis of Variance of Consumers’ Satisfaction with Speed of 

Heating as Indicated by Frying Crepes 

  

  

  

Source DF Sum-Squares Mean Square F-Ratio Prob>F 

Cooktop 4 14.51111 3.62778 3.76 0.0051 
Cookware 5 138.5711 27.71422 28.76 0.0000 

Interaction 20 29.06222 1.45311 1.51 0.0744 
Consumer 14 71.51111 5.10794 5.30 0.0000 
ERROR 406 391.2889 -96377 

TOTAL 449 644.9445 

  

Note. p<.05
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Table 19 

Means and Standard Errors of Consumers’ Satisfaction with Speed 

of Heating as Indicated by Frying Crepes 

  

  

Count Mean Std.Error 

ALL 450 2.6 

Cooktop 
Conventional Electric Coil 90 2.5% -10 

Solid Element 90 2.8” 10 
Radiant Coil u/ Glass Ceramic 90 2.5* -10 
Halogen u/ Glass Ceramic 90 2.4°*° -10 
Gas Flame 90 2.9? -10 

Cookware 

Thin Aluminum 75 3.1° 11 
Heavy Aluminum 75 2.49 -11 
Heavy Aluminum Non-Stick 75 2.1 .11 
Stainless Steel w/ Aluminum HC 75 2.5? -11 
Thin Porc-on-Aluminum Non-Stick 75 2.0° -il 

Glass Ceramic 75 3.5° -11 

Consumer 

1 30 2.9 .18 
2 30 2.0 -18 
3 30 2.8 -18 
4 30 2.4 -18 
5 30 2.4 18 
6 30 2.5 .18 

7 30 3.4 -18 
8 30 2.9 -18 

9 30 1.9 -18 
10 30 2.6 -18 
11 30 2.9 -18 
12 30 2.2 -18 
13 30 2.8 .18 
14 30 2.4 -18 
15 30 3.0 -18 

  

Very Satisfied 
Somewhat Satisfied 

Neither Satisfied Nor Dissatisfied 

Somewhat Dissatisfied 
Very Dissatisfied U

m
 
G
N
 

a,b,c Means with different letters are significantly different (p< .05) 

using Duncan‘s new multiple range test.
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Figure 15. Consumers’ mean satisfaction with speed of heating as 

indicated by frying crepes.
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and heavy aluminum, (4) glass ceramic and stainless steel with aluminum 

disk, (5) glass ceramic and thin aluminum, (6) thin aluminum and thin 

porcelain enamel-on-aluminum non-stick, (7) thin aluminum and heavy 

aluminum, (8) thin aluminum and stainless steel with aluminum disk, (9) 

stainless steel with aluminum disk and thin porcelain enamel~on-aluminum 

non-stick, (10) stainless steel with aluminum disk and heavy aluminum 

non-stick, and (11) heavy aluminum and thin porcelain enamel~on-aluminum 

non-stick (Figure 15). 

Analysis - thermalization. The repeated measures ANOVA of the 

consumers’ satisfaction with the time necessary to cook the white sauce 

revealed no significant differences among the systems. The quantitative 

support for this conclusion was derived from the lack of significant 

relationships among the: (1) Cooking systems (Repeated Measures ANOVA, 

F~Ratio = 0.84 p< .05, CV 1.57), and (2) Cooktops (Repeated Measures 

ANOVA, F-Ratio = 0.32 p< .05, CV 2.37) (Table 20). However, there were 

Significant differences, in time to cook white sauce among the: (1) 

Cookware (Repeated Measures ANOVA, F-Ratio = 9.12 p< .05, CV 2.21), and 

(2) Consumers (Repeated Measures ANOVA, F-Ratio = 8.29 p< .05, CV 1.67) 

(Table 20). Repeated measures ANOVA was used since each participant was 

compared/analyzed with each of the 30 cooking systems. The differences 

among the cooking systems were by chance alone. The null hypothesis was 

retained. Therefore, consumers did not find real differences in the 

time needed to make a white sauce among the cooking systems. 

Higher means (Table 21) indicated greater dissatisfaction. 

Duncan‘s new multiple range test (p< .05) revealed the significant 

differences among the cookware were between: (1) glass ceramic and thin 

aluminum, (2) glass ceramic and heavy aluminum, (3) glass ceramic and 

heavy aluminum non-stick, (4) glass ceramic and stainless steel with 

aluminum disk, (5) glass ceramic and thin porcelain enamel-on-aluminum



Table 20 

Analysis of Variance of Consumers’ 
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Satisfaction with Speed of 

Heating as Indicated by Thermalization Cooking Operation 

  

  

  

Source DF Sum-Squares Mean Square F-Ratio Prob>F 

Cooktop 4 -68889 ~172222 0.32 0.8678 

Cookware 5 24.90667 4.981333 9.12 0.0000 

Interaction 20 9.20445 - 460222 0.84 0.6613 
Consumer 14 63.4 4.528572 8.29 0.0000 

ERROR 406 221.8 -546305 

TOTAL 449 320 

  

Note. p<.05
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Table 21 

Means and Standard Errors of Consumers’ Satisfaction with Speed 

of Heating as Indicated by Thermalization Cooking Operation 

  

  

  

Count Mean Std.Error 

ALL 450 2.2 

Cooktop 
Conventional Electric Coil 90 2.2 -08 
Solid Element 90 2.3 -08 

Radiant Coil u/ Glass Ceramic 90 2.2 08 
Halogen u/ Glass Ceramic 90 2.2 -08 
Gas Flame 90 2.2 -08 

Cookware 

Thin Aluminum 75 2.4? 8.5 
Heavy Aluminum 75 2.1° 8.5 
Heavy Aluminum Non-Stick 75 1.9% 8.5 
Stainless Steel w/ Aluminum HC 75 2.1% 8.5 
Thin Porc-on-Aluminum Non-Stick 75 2.19 8.5 
Glass Ceramic 75 2.6° 8.5 

Consumers 

1 30 2.4 ~13 

2 30 1.5 -13 
3 30 2.5 -13 
4 30 2.2 -13 
5 30 2.4 13 
6 30 2.1 -13 

7 30 2.2 ~13 
8 30 2.5 13 
9 30 1.4 -13 
10 30 2.2 .13 
11 30 2.3 ~13 
12 30 1.9 -13 
13 30 2.1 13 
14 30 2.8 -13 
15 30 2.7 -13 

Note. 
  

Satisfaction Scale 

1 Very Satisfied 
2 Somewhat Satisfied 

3 Neither Satisfied Nor Dissatisfied 
4 Somewhat Dissatisfied 

5S Very Dissatisfied 

a,b,c Means with different letters are significantly different (p< .05) 

using Duncan‘’s new multiple range test.
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non-stick, (6) thin aluminum and heavy aluminum non-stick, (7) thin 

aluminum and thin porcelain enamel-on-aluminum, (8) heavy aluminum non- 

stick and heavy aluminum, (9) heavy aluminum non-stick and thin 

porcelain enamel-on-aluminum non-stick (Figure 16). 

Analysis - waterless cooking. The repeated measures ANOVA of the   

consumers’ satisfaction with the time necessary to cook the broccoli 

revealed no significant differences among the systems. The quantitative 

support for this conclusion was derived from the lack of significant 

relationships among the: (1) Cooking systems (Repeated Measures ANOVA, 

F-Ratio = 1.23 p< .05, CV 1.57), and (2) Cooktops (Repeated Measures 

ANOVA, F-Ratio = 0.41 p< .05, CV 2.37) (Table 22). However, there were 

significant differences, regarding time to cook broccoli among the: (1) 

Cookware (Repeated Measures ANOVA, F-Ratio = 7.29 p< .05, CV 2.21), and 

(2) Consumers (Repeated Measures ANOVA, F-Ratio = 18.14 p< .05, CV 1.67) 

(Table 22). Repeated measures ANOVA was used because each participant 

was compared/ analyzed with each of the 30 cooking systems. The 

differences among the cooking systems were by chance alone. The null 

hypothesis was retained. Therefore, consumers did not find real 

differences in the time needed to cook broccoli among the cooking 

systems. 

Higher means (Table 23) indicate greater dissatisfaction. Duncan’s 

new multiple range test (p< .05) revealed the significant differences 

among cookware were between: (1) glass ceramic and thin porcelain 

enamel-on-aluminum, (2) glass ceramic and heavy aluminum non-stick, (3) 

glass ceramic and heavy Aluminum, (4) glass ceramic and stainless steel 

with aluminum disk, (5) thin aluminum and thin porcelain enamel-on- 

aluminum non-stick, (6) thin aluminum and heavy aluminum non-stick, and
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Figure 16. Consumers’ mean satisfaction with speed of heating as 
indicated by thermalization cooking operation.
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Table 22 

Analysis of Variance of Consumers’ Satisfaction with Speed of 

Heating as Indicated by Waterless Cooking Operation 

  

  

  

Source DF Sum-Squares Mean Square F-Ratio Prob>F 

Cooktop 4 1.08 -27 0.41 0.8046 

Cookware 5 24.2578 4.85155 7.29 0.0000 
Interaction 20 16.3867 -81933 1.23 0.2244 
Consumer 14 169.0578 12.07556 18.14 0.0000 
ERROR 406 270.2755 -66570 

TOTAL 449 481.0578 

  

Note. p<.05
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Table 23 

Means and Standard Errors of Consumers’ Satisfaction with 

Speed of Heating as Indicated by Waterless Cooking Operation 

  

  

  

Count Mean Std.Error 

ALL 450 2.3 

Cooktop 

Conventional Electric Coil 90 2.3 8.6 
Solid Element 90 2.3 8.6 

Radiant Coil u/ Glass Ceramic 90 2.2 8.6 
Halogen u/ Glass Ceramic 90 2.2 8.6 
Gas Flame 90 2.3 8.6 

Cookware 

Thin Aluminum 75 2.5% 9.42 

Heavy Aluminum 75 2.2? 9.42 
Heavy Aluminum Non-Stick 75 2.1° 9.42 
Stainless Steel w/ Aluminum HC 75 2.2” 9.42 
Thin Porc-on-Aluminum Non-Stick 75 2.0° 9.42 
Glass Ceramic 75 2.7° 9.42 

Consumers 

1 30 2.2 -15 

2 30 1.7 ~15 

3 30 2.7 ~15 
4 30 2.1 -15 

5 30 2.5 ~15 

6 30 1.6 -15 

7 30 2.3 -15 
8 30 2.4 -15 

9 30 1.3 -15 

10 30 2.1 -15 
il 30 2.2 -15 

12 30 2.0 .15 
13 30 2.2 -15 
14 30 2.7 -15 

15 30 4.1 ~1L5 

Note. 

  

Satisfaction Scale 
1 Very Satisfied 
2 Somewhat Satisfied 

3 Neither Satisfied Nor Dissatisfied 

4 Somewhat Dissatisfied 

5 Very Dissatisfied 

a,b,c Means with different letters are significantly different (p< .05) 

using Duncan‘’s new multiple range test.
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(7) thin aluminum and heavy aluminum (Figure 17). 

Analysis ~- boiling. The repeated measures ANOVA of the consumers‘ 

satisfaction with the time necessary to cook the carrots revealed no 

significant differences among the systems. The quantitative support for 

this conclusion regarding satisfaction of time to cook the carrots was 

derived from the lack of significant relationships among the: (1) 

Cooking systems (Repeated Measures ANOVA, F-Ratio = 1.29 p< .05, CV 

1.57), and (2) Cooktops (Repeated Measures ANOVA, F-Ratio = 1.10 p< .05, 

CV 2.37) (Table 24). However, there were significant differences, 

regarding time to cook carrots, among the: (1) Cookware (Repeated 

Measures ANOVA, F-Ratio = 8.03 p< .05, CV 2.21), and (2) Consumers 

(Repeated Measures ANOVA, F-Ratio = 13.60 p< .05, CV 1.67) (Table 24). 

The differences among the cooking systems were by chance alone. The 

null hypothesis was retained. Therefore, consumers did not find real 

differences in the time needed to boil carrots among the cooking 

systems. 

Higher means (Table 25) indicate greater dissatisfaction. 

Duncan’s new multiple range test (p< .05) revealed the significant 

differences among the cookware were between: (1) glass ceramic and thin 

porcelain enamel-on-aluminum, (2) glass ceramic and heavy aluminum non- 

stick, (3) glass ceramic and stainless steel with an aluminum disk, (4) 

glass ceramic and heavy aluminum, (5) thin aluminum and thin porcelain 

enamel-on-aluminum, (6) thin aluminum and heavy aluminum non-stick, and 

(7) thin aluminum and stain-less steel with an aluminum disk, (8) thin 

aluminum and heavy aluminum (Figure 18). 

Analysis summary. The hypothesis was test for differences among 

the cooking systems. The null hypothesis was retained for each of the 

cooking operations investigated, in regards to cooking systems’ 

interaction. Hence, there are no differences in consumer satisfaction
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Figure 17. Consumers‘ mean satisfaction with speed of heating as 
indicated by waterless cooking operation.
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Analysis of Variance of Consumers’ Satisfaction with Speed of 

Heating as Indicated Boiling Carrots 

  

  

  

Source DF Sum-Squares Mean Square F-Ratio Prob>F 

Cooktop 4 2.34222 -5855556 1.10 0.3559 

Cookware 5 21.36 4.272 8.03 0.0000 

Interaction 20 13.68444 - 6842222 1.29 0.1835 
Consumer 14 101.32 7.237143 13.60 0.0000 
ERROR 406 216.0133 - 5320525 

TOTAL 449 354.72 

  

Note. p<.05
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Table 25 

Means_and Standard Errors of Consumers‘ Satisfaction with Speed 

of Heating as Indicated By Boiling Carrots 

  

  

  

Count Mean Std.Error 

ALL 450 2.1 

Cooktop 

Conventional Electric Coil 90 2.9 7.7 

Solid Element 90 2.1 7.7 

Radiant Coil u/ Glass Ceramic 90 2.0 7.7 
Halogen u/ Glass Ceramic 90 2.2 7.7 
Gas Flame 90 2.0 7.7 

Cookware 
Thin Aluminum 75 2.3° 8.4 

Heavy Aluminum 75 2.1° 8.4 

Heavy Aluminum Non-Stick 75 1.8° 8.4 
Stainless Steel w/ Aluminum HC 75 1.9° 8.4 
Thin Porc-on-Alum Non-Stick 75 1.8° 8.4 

Gas Flame 75 2.3° 8.4 

Consumer 

1 30 2.2 -13 

2 30 1.6 -13 

3 30 2.0 -13 
4 30 2.4 -13 

5 30 2.0 -13 
6 30 1.2 -13 

7 30 1.9 ~13 
8 30 2.2 13 

9 30 1.2 -13 
10 30 2.1 -13 

11 30 2.6 ~13 
12 30 1.8 ~13 
13 30 2.1 ~13 

14 30 2.7 13 

15 30 2.9 ~13 

Note. 

  

Satisfaction Scale 
1 Very Satisfied 
2 Somewhat Satisfied 

3 Neither Satisfied Nor Dissatisfied 
4 Somewhat Dissatisfied 

5 Very Dissatisfied 

a,b,c Means with different letters are significantly different (p< .05) 
using Duncan’s new multiple range test.
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Figure 18. Consumers‘ mean satisfaction with speed of heating as 

indicated by boiling carrots.
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with cooktops in which the heating element is separated from the pan by 

an intervening space or material. However, there were significant 

differences among the cookware for each of the cooking operations. 

Consumers’ satisfaction with frying crepes revealed statistically 

Significant differences among the cooktops. 

Discussion. Cooktops that contain an intervening space or 

material include: (1) solid element, (2) radiant coil under glass 

ceramic, and (3) halogen under glass ceramic. Martin (1988) found 

significant differences among the systems to be an indication of speed 

of heating and retained heat. He found that the solid element and 

radiant coil under glass ceramic took longer to heat up and retained 

heat longer than the gas flame and conventional electric coil. In this 

study, the consumers observed the effect of the heating element being 

separated from the pan by an intervening space or material of the system 

through the differences in the necessary cooking times However, the 

differences among the cooking systems were not great enough to 

significantly affect their satisfaction. 

Consumers often observed that the solid element required a longer 

time to heat up. They commented or asked if the cooktop or line box was 

turned on, or if the cooktop was even plugged in. Consumers also 

commented that the cooktop with radiant coil under glass ceramic was 

slower to heat up and more difficult to clean. 

Halogen under glass ceramic was perceived as requiring less time 

to heat up and retaining less heat than the radiant coil under glass 

ceramic. The primary difference between the halogen and radiant coil 

under glass ceramic cooktops, when considering basic components, was the 

color of the glass ceramic panel. Consumers were unable to clean the 

black glass ceramic cooktop until it was at ambient temperature because
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the cream streaked (Appendix D). However, the white glass ceramic 

cooktop (halogen under glass ceramic) did not show streaks, when it was 

hot or cold, during cleaning (Appendix D). Therefore, consumers 

perceived that the halogen under glass ceramic was easier to clean and 

retained less heat than the radiant coil under glass ceramic. The color 

of the glass influenced the consumers’ satisfaction with speed of 

heating and retained heat of the cooktop. 

Hypothesis 7: There is no difference in consumers’ satisfaction 
with the cooking system due to required level of user 
interaction. 

Principle. Total mass of the cooking system is directly related 

to the required level of user interaction and evenness of heating. 

Therefore, required level of user interaction is directly related to the 

mass of the system. 

The data utilized were from foods that required manipulation 

during cooking. Specifically, these were crepes and white sauce. 

Cookware cleanability was also analyzed. 

Analysis - frying. The repeated measures ANOVA of the consumers‘ 

satisfaction with the required manipulation necessary to cook the 

crepes revealed significant differences among the systems. The 

quantitative support for this conclusion regarding satisfaction with the 

required level of user interaction to cook the crepes was derived from 

the significant differences among the cooking systems (Repeated Measures 

ANOVA, F-Ratio = 2.34 p< .05, CV 1.57) (Table 26). There were 

statistically significant differences in level of user interaction 

necessary to cook the crepes among the: (1) Cooktops (Repeated Measures 

ANOVA, F-Ratio = 4.23 p< .05, CV 2.37), (2) Cookware (Repeated Measures 

ANOVA, F-Ratio 30.96 p< .05, CV 2.21), and (3) Consumers (Repeated 

Measures ANOVA, F-Ratio = 9.13 p< .05, CV 1.67) (Table 26). Repeated 

measures ANOVA was used because each participant was compared/
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Table 26 

Analysis of Variance of Consumers’ Satisfaction with User 

Interaction as Indicated by Manipulation of Crepes 

  

  

  

Source DF Sum-Squares Mean Square F-Ratio Prob>F 

Cooktop 4 16.4978 4.12445 4.23 0.0023 
Cookware 5 151.06 30.212 30.96 0.0000 
Interaction 20 45.6622 2.28311 2.34 0.0010 
Consumer 14 124.6533 8.90381 9.13 0.0000 
ERROR 406 396.1467 -97573 

TOTAL 449 734.02 

  

Note. p<.05
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analyzed with each of the 30 cooking systems. The differences among the 

cooking systems were by more than chance alone. The null hypothesis was 

rejected. Therefore, consumers found real differences in the required 

user interaction when frying crepes among the cooking systems. 

Higher means, indicate greater dissatisfaction (Table 27). 

Duncan’s new multiple range test (p< .05) revealed significant 

differences among the cooktops. Significant differences were found 

between: (1) gas flame and radiant coil under glass ceramic, (2) gas 

flame and halogen under glass ceramic, (3) gas flame and conventional - 

electric coil, (4) solid element and radiant coil under glass ceramic, 

(5) solid element and halogen under glass ceramic, and (6) solid element 

and conventional electric coil (Figure 19). 

Significant differences among the cookware {Figure 19) determined 

utilizing Duncan’s new multiple range test (p< .05), included: (1) glass 

ceramic and thin porcelain enamel-on-aluminum non-stick, (2) glass 

ceramic and heavy aluminum non-stick, (3) glass ceramic and heavy 

aluminum, (4) glass ceramic and stainless steel with an aluminum disk, 

(5) glass ceramic and thin aluminum, (6) thin aluminum and thin 

porcelain enamel-on-aluminum non-stick, (7) thin aluminum and heavy 

aluminum non-stick, (8) thin aluminum and heavy aluminum, (9) thin 

aluminum and stainless steel with an aluminum disk, (10) stainless steel 

with an aluminum disk and thin porcelain enamel-on-aluminum non-stick, 

(11) stainless steel with an aluminum disk and heavy aluminum non-stick, 

and (12) heavy aluminum and thin porcelain enamel-on-aluminum non-stick. 

Analysis - thermalization. The repeated measures ANOVA of the 

consumers’ satisfaction with the required level of user interaction 

necessary to cook the white sauce revealed no significant differences 

among the systems. The quantitative support for this conclusion was 

derived from the significant relationships (Table 28) among the: (1)
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Table 27 

Means and Standard Errors of Consumers’ Satisfaction with User 

Interaction as Indicated by Manipulation of Crepes 

  

  

  

Count Mean Std.Error 

ALL 450 2.7 

Cooktop 
Conventional Electric Coil 90 2.6° -10 
Solid Element 90 2.9% -10 

Radiant Coil u/ Glass Ceramic 90 2.5° -10 
Halogen u/ Glass Ceramic 90 2.5° -10 
Gas Flame 90 3.0° -10 

Cookware 
Thin Aluminum 75 3.0° -11 

Heavy Aluminum 75 2.5% -11 
Heavy Aluminum Non-Stick 75 2.2° -11 
Stainless Steel w/ Aluminum HC 75 2.73 -11 
Thin Porc~-on-Aluminum Non-Stick 75 2.1? -11 
Glass Ceramic 75 3.8? -11 

Consumer 

1 30 3.1 -18 

2 30 1.3 -18 

3 30 2.7 -18 

4 30 2.6 -18 

5 30 3.1 -18 

6 30 2.5 18 

7 30 3.5 -18 
8 30 2.9 -18 

9 30 2.2 18 

10 30 2.8 .18 
11 30 3.2 -18 

12 30 2.2 .18 
13 30 2.6 -18 
14 30 2.6 -18 
15 30 3.4 18 

Note. 

Satisfaction Scale 
Very Satisfied 

Somewhat Satisfied 

Neither Satisfied Nor Dissatisfied 

Somewhat Dissatisfied 
Very Dissatisfied i

o
 

G
o
 
B
S
 f
t
 

a,b,c Means with different letters are significantly different (p< .05) 
using Duncan‘’s new multiple range test.
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Figure 19. Consumers’ mean satisfaction with user interaction as 

indicated by manipulation of crepes.



Table 28 

Analysis of Variance of Consumers’ 

89 

Satisfaction with User 

Interaction as Indicated by Manipulation of White Sauce 

  

  

  

Source DF Sum-Squares Mean Square F-Ratio Prob>F 

Cooktop 4 4.28 1.07 1.85 0.1192 
Cookware 5 51.4311 10.28622 17.75 0.0000 
Interaction 20 12.9467 - 64733 1.12 0.3287 
Consumer 14 104.9244 7.49460 12.93 0.0000 
ERROR 406 235.3422 -57966 

TOTAL 449 408.9244 

  

Note. p<.05
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Cooking systems (Repeated Measures ANOVA, F-Ratio = 1.12 p< .05, CV 

1.57), and (2) Cooktops (Repeated Measures ANOVA, F-Ratio = 1.85 p< .05, 

CV 2.37). However, there were statistically significant differences in 

required level of user interaction necessary to cook white sauce, among 

the: (1) Cookware (Repeated Measures ANOVA, F-Ratio = 17.75 p< .05, CV 

2.21), and (2) Consumers (Repeated Measures ANOVA, F-Ratio = 12.93 p< 

-05, CV 1.67) (Table 28). Repeated measures ANOVA was used because each 

participant was compared/ analyzed with each of the 30 cooking systems. 

The differences among the cooking systems were by chance alone. The 

null hypothesis was retained. Therefore, consumers found no real 

differences in the required user interaction when making a white sauce 

among the cooking systems. 

Duncan’s new multiple range test (p< .05) revealed that the 

statistically significant differences among the cookware (Table 29), 

specifically between: (1) glass ceramic and thin porcelain enamel-on- 

aluminum non-stick, (2) glass ceramic and heavy aluminum, (3) glass 

ceramic and heavy aluminum non-stick, (4) glass ceramic and stainless 

steel with aluminum disk, (5) thin aluminum and heavy aluminum non- 

stick, (6) thin aluminum and thin porcelain enamel-on-aluminum non- 

stick, (7) thin aluminum and heavy aluminum, (8) thin aluminum and 

Stainless steel with an aluminum disk, (9) stainless steel with an 

aluminum disk and heavy aluminum non-stick, (10) stainless steel with an 

aluminum disk and thin porcelain enamel-on-aluminum non-stick, and (11) 

heavy aluminum and heavy aluminum non-stick (Figure 20). 

Summary. Hypotheses were test for differences among the cooking 

systems. The null hypothesis was retained for the thermalization 

cooking operation. However, the null hypothesis was rejected when 

frying. Hence, consumer satisfaction responses revealed there were: 

(1) no differences among the cooking systems due to required level of
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Table 29 

Means & Standard Errors of Consumers’ Satisfaction with User 

Interaction as Indicated by White Sauce Manipulation 

  

  

  

Count Mean Std.Error 

ALL 450 2.3 

Cooktop 
Conventional Electric Coil 90 2.2 8.0 

Solid Element 90 2.4 8.0 

Radiant Coil u/ Glass Ceramic 90 2.2 8.0 
Halogen u/ Glass Ceramic 90 2.2 8.0 
Gas Flame 90 2.4 8.0 

Cookware 
Thin Aluminum 75 2.6° 8.8 

Heavy Aluminum 75 2.2 8.8 
Heavy Aluminum Non-Stick 75 1.99 8.8 
Radiant Coil u/ Glass Ceramic 75 2.3° 8.8 
Halogen u/ Glass Ceramic 75 1.9? 8.8 
Glass Ceramic 75 2.8° 8.8 

Consumer 

1 30 2.7 .14 
2 30 1.2 .14 
3 30 2.8 ~14 
4 30 2.1 ~14 

5 30 2.8 ~14 
6 30 2.0 ~14 

7 30 2.2 ~14 

8 30 2.7 14 
9 30 1.5 -14 

10 30 2.1 ~14 

11 30 2.5 14 
12 30 2.0 ~14 

13 30 2.0 ~14 

14 30 2.5 14 

15 30 2.9 14 

Note. 

  

Satisfaction Scale 

1 Very Satisfied 

2 Somewhat Satisfied 

3 Neither Satisfied Nor Dissatisfied 
4 Somewhat Dissatisfied 

5 Very Dissatisfied 

a,b,c Means with different letters are significantly different (p< .05) 
using Duncan’s new multiple range test.
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Figure 20. Consumers’ satisfaction with user interaction as indicated by 

white sauce manipulation.



93 

user interaction when preparing the white sauce, but (2) differences 

among the cooking systems for the required level of user interaction 

when frying crepes. Also, there were significant differences among the 

cookware with for each of the cooking operations. Consumers’ 

satisfaction with frying revealed there were statistically significant 

differences among the cooktops. 

Discussion. Glass ceramic is not a good conductor of heat. When 

glass ceramic was combined with the solid element, gas flame, and 

conventional electric coil, the center of the crepe would not cook. The 

center of the skillet was not in contact with the element. Participants 

continuously manipulated the pan, trying to obtain contact with the 

element in the center of the skillet. Hence, the required level of user 

interaction was increased. The material, gauge, and finish of the 

cookware and mass of the cooktop affect the user interaction. 

When preparing a white sauce, people stir the mixture continuously 

to ensure a smooth sauce. Since participants manipulated the white 

sauce continuously, they did not observe differences in user interaction 

among the systems. 

Cookware with interior texture, i.e., grooves or bumps, was 

designed to decrease the necessary level of user interaction or to 

improve conductivity. However, food and/or oil was trapped in the 

textured areas, increasing the level of user interaction when cleaning, 

although each contained a non-stick finish. 

Hypothesis 8: There is no difference in consumers’ satisfaction 

with cookware due to an interior finish. 

Principle. The finish on the cookware material was directly 

proportional to the level of user interaction. 

Analysis- frying. The repeated measures ANOVA of the consumers’ 

satisfaction with the cooking crepes in cookware with and without a non-~- 

stick finish revealed significant differences among the cookware. The



94 

quantitative support for this conclusion was derived from the 

statistically significant difference among the: (1) Cookware (Repeated 

Measures ANOVA, F-Ratio = 30.96 p< .05, CV 2.21), and (2) Consumers 

(Repeated Measures ANOVA, F-Ratio = 9.13 p< .05, CV 1.67) (Table 30). 

Repeated measures ANOVA was used because each participant was compared/ 

analyzed with each of the 30 cooking systems. The differences among the 

cookware were by more than chance alone. The null hypothesis was 

rejected. Therefore, consumers found real differences in the required 

user interaction when frying crepes among the cookware with and without 

an interior finish. 

Higher means (Table 31) indicate greater dissatisfaction. 

Duncan’s new multiple range test (p< .05) revealed that the significant 

difference among the cookware, were between: (1) glass ceramic and thin 

porcelain enamel-on-aluminum non-stick, (2) glass ceramic and heavy 

aluminum non-stick, (3) glass ceramic and heavy aluminum, (4) glass 

ceramic and stainless steel with an aluminum disk, (5) glass ceramic and 

thin aluminum, (6) thin aluminum and thin porcelain enamel-on-aluminum 

non-stick, (7) thin aluminum and heavy aluminum non-stick, (8) thin 

aluminum and heavy aluminum, (9) thin aluminum and stainless steel with 

an aluminum disk, (10) stainless steel with an aluminum disk and thin 

porcelain enamel-on-aluminum non-stick, (11) stainless steel with an 

aluminum disk and heavy aluminum non-stick, and (12) heavy aluminum and 

thin porcelain enamel-on-aluminum non-stick (Figure 21). 

Analysis - thermalization. The repeated measures ANOVA of the 

consumers’ satisfaction with cooking white sauce in cookware with and 

without a non-stick finish revealed significant differences among the 

cookware. The quantitative support for this conclusion regarding 

satisfaction of required level of user interaction necessary to cook the 

white sauce were derived from the statistically significant difference
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Table 30 

Analysis of Variance of Consumers’ Satisfaction with Cookware Finish as 

Indicated by Manipulation of Crepes 

  

  

  

Source DF Sum-Squares Mean Square F-Ratio Prob>F 

Cooktop 4 16.4978 4.12445 4.23 0.0023 

Cookware 5 151.06 30.212 30.96 0.0000 

Interaction 20 45.6622 2.28311 2.34 0.0010 
Consumer 14 124.6533 8.90381 9.13 0.0000 
ERROR 406 396.1467 -97573 

TOTAL 449 734.02 

  

Note. p<.05
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Table 31 

Means and Standard Errors of Consumers’ Satisfaction with Cookware 

Finish as Indicated by Manipulation of Crepes 

  

  

  

Count Mean Std.Error 

ALL ; 450 2.7 

Cookware 
Thin Aluminum 75 3.0° -11 

Heavy Aluminum 75 2.59 -11 
Heavy Aluminum Non-Stick 75 2.2° -11 
Stainless Steel w/ Aluminum HC 75 2.7° -11 
Thin Porc-on-Aluminum Non-Stick 75 2.1° -11 
Glass Ceramic 75 3.8? 11 

Note. 
  

Satisfaction Scale 

1 Very Satisfied 
2 Somewhat Satisfied 

3 Neither Satisfied Nor Dissatisfied 
4 Somewhat Dissatisfied 

5 Very Dissatisfied 

a,b,c Means with different letters are significantly different (p< .05) 
using Duncan’s new multiple range test.
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Figure 21. Consumers’ mean satisfaction with cookware finish as 

indicated by manipulation of crepes.
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among the: (1) Cookware (Repeated Measures ANOVA, F-Ratio = 17.75 p< 

-05, CV 2.21), and (2) Consumers (Repeated Measures ANOVA, F-Ratio = 

12.93 p< .05, CV 1.67) (Table 32). Repeated measures ANOVA was used 

because each participant was compared/analyzed with each of the 30 

cooking systems. The differences among the cookware were by more than 

chance alone. The null hypothesis was rejected. Therefore, consumers 

found real differences in the required user interaction when making a 

white sauce among the cookware with and without an interior finish. 

Duncan‘s new multiple range test (p< .05) revealed that the 

significant differences (Table 33) among cookware included: (1) glass 

ceramic and thin porcelain enamel-on-aluminum non-stick, (2) glass 

ceramic and heavy aluminum, (3) glass ceramic and heavy aluminum non- 

stick, (4) glass Ceramic and stainless steel with aluminum disk, (5) 

thin aluminum and heavy aluminum non-stick, (6) thin aluminum and thin 

porcelain enamel-on~aluminum non-stick, (7) thin aluminum and heavy 

aluminum, (8) thin aluminum and stainless steel with an aluminum disk, 

(9) stainless steel with an aluminum disk and heavy aluminum non-stick, 

(10) stainless steel with an aluminum disk and thin porcelain enamel-on- 

aluminum non-stick, and (11) heavy aluminum and heavy aluminum non-stick 

(Figure 22). 

Analysis ~ cookware cleanability. The repeated measures ANOVA of 

the consumers’ satisfaction with cleaning cookware with and without a 

non-stick finish revealed significant differences among the cookware. 

The quantitative support for this conclusion regarding satisfaction with 

cookware cleaning, as an indication of satisfaction of the cookware 

finish, revealed significant statistical differences among the: (1) 

Cookware (Repeated Measures ANOVA, F-Ratio = 39.28 p< -05, CV 2.21), and 

(2) Consumers (Repeated Measures ANOVA, F-Ratio = 6.05 p< .05, CV 1.67) 

(Table 34 and Figure 23). Repeated measures ANOVA was used because each
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Analysis of Variance of Consumers’ Satisfaction with Cookware 

Finish as Indicated with a Thermalization Cooking Operation 

  

  

  

Source DF Sum-Squares Mean Square F-Ratio Prob>F 

Cooktop 4 4.28 1.07 1.85 0.1192 
Cookware 5 51.4311 10.28622 17.75 0.0000 
Interaction 20 12.9467 - 64733 1.12 0.3287 
Consumer 14 104.9244 7.49460 12.93 0.0000 
ERROR 406 235.3422 -57961 

TOTAL 449 408.9244 

  

Note. p<.05
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Table 33 

Means and Standard Errors of Consumers’ Satisfaction with Cookware 

Finish as Indicated by a Thermalization Cooking Operation 

  

  

  

Count Mean Std.Error 

ALL 450 2.3 

Cookware 
Thin Aluminum 75 2.6° 8.8 

Heavy Aluminum 75 2.2” 8.8 
Heavy Aluminum Non-Stick 75 1.94 8.8 
Stainless Steel w/ Aluminum HC 75 2.2° 8.8 
Thin Porc-on~-Aluminum Non-Stick 75 1.94 8.8 
Glass Ceramic 75 2.8° 8.8 

Note. 

Satisfaction Scale 

Very Satisfied 
Somewhat Satisfied 

Neither Satisfied Nor Dissatisfied 
Somewhat Dissatisfied 

Very Dissatisfied O
B
 
W
h
 

a,b,c Means with different letters are significantly different (p< .05) 
using Duncan‘s new multiple range test.
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Figure 22. Consumers’ mean satisfaction with cookware finish as 
indicated by a thermalization cooking operation.



Table 34 

Analysis of Variance of Consumers‘ 
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Finish as Indicated by Cookware Cleanability 

Satisfaction with Cookware 

  

  

  

Source DF Sum-Squares Mean Square F-Ratio Prob>F 

Cooktop 4 8.8 2.2 2.71 0.0299 
Cookware 5 159.4867 31.89733 39.28 0.0000 
Interaction 20 19.68 -984 1.21 0.2401 
Consumer 14 68.8 4.914286 6.05 0.0000 
ERROR 406 329.7333 -8121511 

TOTAL 449 586.5 

  

Note. p<.05
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Figure 23. Consumers’ satisfaction with cookware finish as indicated by 

cookware cleanability.
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participant was compared/analyzed with each of the 30 cooking systems. 

The differences among the cookware were by more than chance alone. The 

null hypothesis was rejected. Therefore, consumers found real 

differences in the required user interaction in cleanability among the 

cookware with and without an interior finish. 

Higher means (Table 35) indicate greater dissatisfaction. 

Duncan’s new multiple range test (p< .05) revealed significant 

differences in satisfaction with the cookware included. Specifically, 

consumers’ satisfaction varied significantly between: (1) glass ceramic 

and thin porcelain enamel-on-aluminum non-stick, (2) glass ceramic and 

thin aluminum, (3) glass ceramic and heavy aluminum non-stick, (4) heavy 

aluminum and thin porcelain enamel-on-aluminum non-stick, (5) heavy 

aluminum and heavy aluminum non-stick, (6) heavy aluminum and thin 

aluminum, (7) heavy aluminum and glass ceramic, (8) stainless steel with 

an aluminum disk and thin porcelain enamel-on-aluminum, (9) stainless 

steel with an aluminum disk and heavy aluminum non-stick, (10) stainless 

steel with an aluminum disk and thin aluminum, (11) thin aluminum and 

thin porcelain enamel-on-aluminum non-stick, (12) thin aluminum and 

heavy aluminum non-stick, and (13) heavy aluminum non-stick and thin 

porcelain enamel-on-aluminum non-stick (Figure 23). 

Summary. The main effect (interaction) of the consumer 

satisfaction responses revealed there were no significant differences in 

satisfaction with the cookware finish due to required level of user 

interaction when cooking with minimum heat and cookware cleaning. 

However, differences were statistically significant in satisfaction with 

cookware finish due to required level of user interaction when frying. 

The null hypothesis was rejected for each of the cooking operations and 

cookware cleaning. Therefore, consumers found a difference in user 

interaction because of the cookware finish.
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Table 35 

Means and Standard Errors of Consumers’ Satisfaction with Cookware 

Finish as Indicated by Cookware Cleanability 

  

  

  

Count Mean Std.Error 

ALL 450 2.3 

Cookware 
Thin Aluminum 75 2.3° -10 
Heavy Aluminum 75 3.04 -10 
Heavy Aluminum Non-Stick 75 1.7° -10 
Stainless Steel w/ Aluminum HC 75 2.8° -10 
Thin Porc-on-Aluminum Non-Stick 75 1.3° -10 

Glass Ceramic 75 2.7% -10 

Note. 

  

Satisfaction Scale 

1 Very Satisfied 
2 Somewhat Satisfied 

3 Neither Satisfied Nor Dissatisfied 
4 Somewhat Dissatisfied 

5 Very Dissatisfied 

a,b,c Means with different letters are significantly different (p< .05) 
using Duncan‘s new multiple range test.
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Discussion. A non-stick finish within the skillet or saucepans 

enabled the participant to remove the food more easily and required less 

manipulation both during cooking and cleaning. The cookware with a non- 

stick finish could be wiped out during cleaning and required less 

manipulation during cleaning. When the consumers burned food, it was 

still easily removed from the cookware with a non-stick finish. In one 

case, a thermoplastic spatula was left in a skillet with a non-stick 

finish while the heat was on. The plastic spatula melted in the skillet 

but it wiped out easily, emphasizing the tolerance of the cookware for 

consumers’ habits and mistakes. The finish on the cookware definitely 

influenced the level of user interaction. The differences in cookware 

cleaning were statistically significant. 

A great difference was observed among the participants’ cleaning 

standards which seemed to range from "cleaning to maintain a new 

appearance" to "plunging" the cookware into dirty dish water and wiping 

the cookware dry. The non-stick skillets almost always needed to be 

rewashed since some consumers just wiped them out and neglected to 

remove the oil that adhered to the finish. 

Young (1988) compared the user interaction necessary to clean 

cooktops and microwave ovens by measuring the time required to complete 

a standardized soiling and cleaning procedure. A user interaction scale 

was developed to analyze cleaning (Appendix B). It is important to 

consider additional variables which may influence cleaning when working 

with consumers. The male participants were able to increase the 

pressure and decrease the necessary time to clean the cooktop and 

cookware. When male participants burned food on the cookware, they just 

scrubbed a little harder. When female participants burned food on the 

cookware, they cleaned for 15 minutes or longer. Then a volunteer 

finished cleaning the cookware. When asked, “what would you do about
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the cleaning if you were home?" the female participants responded, "I 

would throw it away." It appeared that the physical strength of the 

participant was a greater consideration than the time necessary to 

perform the cleaning action. 

Hypothesis 9: There are no differences in consumers’ satisfaction among 

the cooking systems. 

Analysis. The repeated measures ANOVA of the consumers’ general 

satisfaction with the cooking systems interaction revealed no 

significant differences among the cooking systems. The quantitative 

support for this conclusion was derived from the lack of statistical 

significant difference among the cooking systems (Repeated Measures 

ANOVA, F-Ratio = 1.17 p< .05, CV 1.57). However, there were 

statistically significant differences in general satisfaction with the 

cooking system among the: (1) Cooktops (Repeated Measures ANOVA, F-Ratio 

4.01 p< .05, CV 2.37), (2) Cookware (Repeated Measures ANOVA, F-Ratio 

32.67 p< .05, CV 2.21), and (3) Consumers (Repeated Measures ANOVA, F- 

Ratio = 5.31 p< .05, CV 1.67) (Table 36). Repeated measures ANOVA was 

used because each participant was compared/analyzed with each of the 30 

cooking systems. The large number of variables associated with cooking 

system interaction include user interaction, cleanability, evenness of 

heat distribution, speed of heating, and retained heat. Consumers were 

dissatisfied with variables from each of the cooking systems. The 

differences among the cooking systems were by chance alone. Therefore, 

the null hypothesis was retained. Consumers did not find a real 

difference among the 30 cooking systems under investigation. 

Duncan’s new multiple range test (p< .05) revealed that the 

statistically significant differences among the cooktops (Table 37) 

included: (1) gas flame and conventional electric coil, (2) gas flame 

and halogen under glass ceramic, (3) gas flame and radiant coil under 

glass ceramic, and (4) solid element and conventional electric coil.



Table 36 

Analysis of Variance of Consumers’ 
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General Satisfaction with 

  

  

  

Cooking Systems’ Interaction 

Source DF Sum-Squares Mean Square F-Ratio Prob>F 

Cooktop 4 13.1689 3.29222 4.01 0.0033 

Cookware 5 134.0644 26.81289 32.67 0.0000 

Interaction 20 19.2578 .96289 1.17 0.2737 
Consumer 14 61.0578 4.36127 5.31 0.0000 

ERROR 406 333.2089 -82071 

TOTAL 449 560.7578 

  

Note. p<.05
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Table 37 

Means and Standard Errors of Consumers’ General Satisfaction with 

Cooking Systems’ Interaction 

  

  

  

Count Mean Std.Error 

ALL 450 2.6 

Cooktop 

Conventional Electric Coil 90 2.3> 9.5 
Solid Element 90 2.7* 9.5 

Radiant Coil u/ Glass Ceramic 90 2.5° 9.5 
Halogen u/ Glass Ceramic 90 2.5° 9.5 
Gas Flame 90 2.8° 9.5 

Cookware 

Thin Aluminum 75 3.2° -10 

Heavy Aluminum 75 2.4° -10 

Heavy Aluminum Non-Stick 75 2.1? -10 
Stainless Steel w/ Aluminum HC 75 2.4° -10 
Thin Porc-on-Aluminum Non-Stick 75 1.8° -10 
Glass Ceramic 75 3.4* -10 

Consumer 

1 30 3.1 -17 
2 30 2.0 ~17 
3 30 2.6 217 
4 30 2.4 .17 
5 30 2.6 17 
6 30 2.4 17 

7 30 2.9 -17 
8 30 2.8 -17 
9 30 2.0 -17 
10 30 2.3 17 
11 30 2.6 ~17 
12 30 2.0 -17 
13 30 2.6 17 
14 30 3.0 ~17 
15 30 3.1 -17 

Note. 
  

Satisfaction Scale 

1 Very Satisfied 
2 Somewhat Satisfied 
3 Neither Satisfied Nor Dissatisfied 

4 Somewhat Dissatisfied 

5 Very Dissatisfied 

a,b,c Means with different letters are significantly different (p< .05) 
using Duncan’s new multiple range test.
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Statistically significant differences among the cookware, (Table 

37) were determined utilizing Duncan‘’s new multiple range test (p< .05). 

There were significant differences between: (1) glass ceramic and thin 

porcelain enamel-on-aluminum non-stick, (2) glass ceramic and heavy 

aluminum non-stick, (3) glass ceramic and heavy aluminum, (4) glass 

ceramic and stainless steel with an aluminum disk, (5) thin aluminum and 

thin porcelain enamel-on-aluminum non-stick, (6) thin aluminum and heavy 

aluminum non-stick, (7) thin aluminum and heavy aluminum, (8) thin 

aluminum and stainless steel with an aluminum disk, (9) stainless steel 

with an aluminum disk and thin porcelain enamel-on-aluminum non-stick, 

(10) stainless steel with an aluminum disk and heavy aluminum non-stick, 

(11) heavy aluminum and thin porcelain enamel-on-aluminum non-stick, and 

(12) heavy aluminum and heavy aluminum non-stick (Figure 24). 

Discussion. Presently, there is not a perfect cooking system 

available. All cooktops and cookware have advantages and disadvantages. 

The characteristics associated with cooking systems’ interaction 

include: User interaction, evenness of heating, speed of heating, 

retained heat, and cleanability. There was a range of consumer 

satisfaction for each of the variables and with each cooking system. 

Consumers were unable to distinguish among the results, and attribute 

the results to the variable based on scientific principles. The 

consumers lacked knowledge regarding the principles of cooking systems’ 

interaction. Therefore, there was lack of a significant difference 

among the cooking systems with respect to general/ overall satisfaction. 

In a study of information overloading and consumer decision 

making, Malhotra (1982) found that individuals cannot optimally handle 

more than 10 items of information simultaneously and he suggested that a 

maximum of six alternatives was optimal. In this study, the consumers 

were unable to distinguish among the positive and negative attributes’
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of the 30 cooking systems. Therefore, there were not real differences 

among the 30 cooking systems. Apparently, by the end of the study, the 

participants were unable to hold enough information to enable them to 

decern a real difference in consumers’ overall satisfaction with the 

various cooking systems.



CHAPTER VI 

SUMMARY, CONCLUSIONS, DISCUSSION and RECOMMENDATIONS 

Summary 

The purpose of this research was to determine consumers’ 

satisfaction with cooking systems consisting of cooktops and cookware 

representative of products commonly available in the United States. The 

cooktops included: Conventional electric coil, gas flame, solid 

element, plus halogen and electric coil under glass ceramic. The 

cookware included: Glass ceramic, porcelain-on-aluminum, stainless 

steel with an aluminum disk, heavy gauge aluminum, and thin gauge 

aluminum, heavy gauge aluminum with non-stick finish. Five types of 

cooktops and six types of cookware formed 30 cooking systems. A menu 

consisting of crepes, broccoli, white sauce, and carrots was used to 

represent four cooking operations: Frying, waterless, thermalization, 

and boiling. Fifteen consumers prepared one menu on each of the 30 

cooking systems. A three part questionnaire was utilized to obtain 

information about the consumers. The first part of the instrument had 

questions about the consumers’ knowledge, practices, and demographics. 

Part two of the questionnaire, completed after each of the 30 tests, 

measured consumers’ satisfaction with cooking system interaction. The 

final portion (part 3) of the questionnaire measured preferred 

characteristics of cooktops, cookware, and cooking systems. Tests used 

in statistical analysis of the data included: Descriptive statistics, 

general linear modeling procedure, T-test, and repeated measures ANOVA. 

Consumers’ knowledge was significantly different before and after 

working with the 30 cooking systems. Knowledge, as a dependent 

variable, was considered to influence satisfaction. Hence, there was a 

relationship between consumers’ knowledge and overall satisfaction with 

cooking systems’ performance. The relationship between an objective 

113
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measure Of optimum cooktop - cookware compatibility and consumers‘ 

satisfaction was significant. Therefore, consumers’ satisfaction is 

linked to knowledge and compatibility within the cooking systems. 

However, there were no differences in consumers’ overall satisfaction 

among the cooking systems. 

There were significant differences among the cookware of different 

gauge. However, there was no difference in consumers’ satisfaction with 

greater mass of the heating system, and the separation of heating 

element from the pan by an intervening space or material. 

When frying, there were significant differences in consumers’ 

satisfaction among the cooking systems with .the required level of user 

interaction. When using a thermalization cooking operation, there were 

not significant differences in consumers’ satisfaction among the cooking 

systems due to necessary level of user interaction. Consumer 

satisfaction with user interaction as indicated by cookware cleaning and 

frying crepes revealed significant differences among the cooking 

systems. However, there was no difference in consumer satisfaction with 

user interaction as indicated by the thermalization cooking operation 

among the cooking systems. 

Conclusions 

Although the technological innovations in cooktops and cookware 

have markedly changed consumers’ purchasing and using decisions, 

satisfaction with food preparation with any of the cooking systems was 

not markedly different with respect to cooking time and overall 

satisfaction. However, factors that influenced satisfaction included 

cookware gauge, interior finish, user interaction, consumer knowledge, 

and compatibility within the cooking system. Based on tests of nine 

hypotheses, it was concluded that: 

-There was a significant relationship between consumers’ knowledge
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and satisfaction. 

-Consumers experienced greater satisfaction as the compatibility 

of the total cooking system increased. 

-Consumers attributed results to the cookware. 

-There were no significant differences among the cooking systems, 

due to intervening space or material between the heat source and 

the utensil, or to mass of the total system. 

-Consumers preferred cookware with a non-stick finish. 

-Cooking systems varied in the required level of user interaction. 

~There were no significant differences among the cooking systems 

with respect to general satisfaction. 

Discussion and Recommendations for Further Work 

Theoretical Model 

Analysis of the data revealed the inadequacy of the proposed 

theoretical model (Figure 1), in which consumers’ satisfaction level was 

the feedback into the system and became an input. The research revealed 

that consumers adjust and predict performance, as shown in Figure 25. 

Performance is the initial output of the system and becomes feedback 

into the input. Human resources, i.e., time, user interaction, human 

energy, standards, and knowledge may be adjusted to obtain the desired 

performance. The ultimate outcome of performance is satisfaction level. 

The satisfaction level is feedback into the system as input. 

It was observed that participants’ standards regarding evenness of 

heating, speed of heating, retained heat, and cleanability were altered 

as the project progressed. The consumers became very critical of the 

performance of the cooking systems, and increased their standards 

related to: Evenness of the crepes’ browning patterns, total cooking 

time, and ease of cleaning. As consumers became aware or knowledgeable 

of greater performance their standards increased. Charley (1982) stated
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that a good cook is able to evaluate food from a quality standpoint and 

to do so objectively. In evaluating a food one must know what 

characteristics to look for and have a vocabulary adequate for 

differentiating quality in foods (Charley, 1982). The consumers’ 

standards regarding performance as related to food quality increased as 

they became aware of what to look for in evaluation. 

Cooking Operations 

Weber (1958) stated that surface unit cookery is much more complex 

than other cookery, a wider temperature range is generally used, the 

number of different foods is greater, and only the bottom of the 

cookware is exposed to the heat source. Weber (1958) identified four 

surface cooking operations. The four foods that were selected to 

represent the cooking operations, were: (1) white sauce for a warming 

operation, (2) broccoli for a waterless operation, (3) carrots for a 

boiling operation, and (4) crepes for a frying operation. 

Frying. Frying is done entirely by bottom heat, therefore, 

cookware should provide an even bottom temperature. Foods that utilize 

a frying operation include: Hamburger, chicken, eggs, crepes, and 

pancakes. Crepes were chosen for their ability to showing browning 

patterns. Crepes were a very effective test medium, as representative 

of evenness of heat distribution. It would have been more acceptable 

for the participants to manipulate hamburger, chicken, or eggs, than 

crepes or pancakes, to obtain evenly cooked foods. Theoretically, 

hamburger, chicken, and pancakes would provide data similar to the 

findings in this study. 

Thermalization. Foods that utilize the warming/thermalization 

cooking operation include gravies, sauces, and puddings, all starchy 

liquids that require continuous manipulation to prevent sticking and 

ensure a smooth product. Close control is required for milk, since it



118 

has special behavior. White sauce was chosen due to the necessary 

manipulation during cooking. The participants continuously stirred the 

white sauce. Theoretically, each of the foods previously identified 

would require continuous manipulation. Hence, theoretically, gravies, 

sauces, and puddings would have the same performance as the research 

findings for a thermalization operation. 

Chicken was added to the white sauce to represent 

rethermalization. Theoretically, after the chicken was added to the 

white sauce, continuous manipulation would be necessary. Participants 

did not always rewarm the white sauce after adding the chicken. Adding 

chicken to the white sauce failed to represent the cooking operation 

investigated. The elimination of canned chicken from the research menu 

would reduce the total food cost by approximately half. 

Waterless. Frozen broccoli was chosen to be cooked with a minimum 

amount of water. This was to be done at the boiling temperature or just 

slightly below in a covered vessel. Usually there is enough ice on 

frozen vegetables to cook them without adding water. However, it is 

necessary to add a spoonful or two of water for dry vegetables. 

Vegetables with a high cellulose and/or moisture content, theoretically, 

would have the same performance as the research findings. Such 

vegetables include asparagus, parsnips, carrots, cauliflower, tomato, 

zucchini, string beans, and green leafy vegetables. In contrast, 

starchy and/ or dry vegetables would not perform similarly to the 

research findings. Strong flavored vegetables, such as onions and 

cabbage, may be cooked in a large amount of water, so that the flavor 

becomes milder. Fourteen of the participants were not familiar with 

waterless cooking prior to participating in the project. This operation 

made the participants very nervous. They removed the cookware lid 

frequently, to stir the broccoli or shake the pan using a “pop corn
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effect" to manipulate the food without removing the lid. When the lid 

of the cookware is removed during cooking, the steam evaporates and the 

vegetables scorch. 

Boiling. Weber (1958) stated there are two methods of boiling, 

first with a covered pan, and second with an open pan. In this project, 

the covered procedure was recommended in the specific instructions. 

Theoretically, vegetables of size similar to the sliced carrots utilized 

in the project would provide similar data. If vegetables of different 

sizes and shapes were used, then the natural convection of the cooking 

operation would be altered. Pasta is not perceived as having similar 

performance to vegetables. Theoretically, if pasta were used to 

represent the boiling operation, then differences in performance 

findings may include cleanability and user interaction. The starchiness 

of the pasta may require increased manipulation and cleaning time. 

The participants stirred the carrots to check them or because they 

were bored. Theoretically, vegetables should not require continuous 

manipulation. However, consumers manipulated the boiling foods, due to 

checking or boredom. 

Representativeness of foods. Participants were asked (Appendix C, 

part 3), if the menu was changed: (1) What differences would you 

anticipate? (2) Would you change your preferred cookware selection 

change? (3) Would your preferred cooktop selection change? The 

participants all felt a menu change would not affect their preferred 

cookware or cooktop. They anticipated none to moderate differences in 

necessary manipulation and cleaning. As one participant stated, 

"Boiling is boiling." Therefore, the participants did not anticipate a 

difference in performance by a menu change. The participants felt the 

research menu represented the cooking operations.
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Design of the Study 

A sample of 90 consumers, six panels of 15, would prepare one menu 

on five specific cooking systems. Each panel would consist of 15 

consumers that investigate the same series of five cooking systems, in 

the same order. Each of the consumers would use each of the five 

cooktops and five types of cookware once to form five cooking systems. 

After preparing the menu with a specific cooking system, consumers would 

complete a questionnaire. The total number of observations would still 

be 450. 

The methodology change would enable the statistical analysis to be 

analysis of variance instead of the repeated measures ANOVA. The error 

term would not be inflated and the computer would be able to analyze the 

data for all of the models. There would only be a need for the A + B + 

AB models to be used, if there was an assumption that there was not a 

learned effect when consumers prepared the menu on five cooking systems. 

Since consumers would only utilize each type of cooktop and cookware 

once, the reason the learned effect has been decreased or even removed, 

A statistician recommended using a 10 point Likert scale instead 

of the five point scale, to measure satisfaction level. The increase in 

points on the Likert scale, increases the statistical probability of 

finding significant results. According to Malhotra (1982), to 

completely rank a set of five alternatives, a consumer has to perform a 

total of only 10 paired comparisons. However, as the number of 

alternatives is increased to 10, the number of paired comparisons needed 

to rank alternatives completely increases to 45 (Malhotra, 1982). 

However, as previously stated, individuals can not handle more than 10 

items of information and can optimally process a maximum of six 

alternatives (Malhotra, 1982). Hence, the problem of information 

overloading would be compounded by increasing the number of points on
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the Likert type scale. If the number of cooking systems investigated by 

each consumer was decreased from 30 to five, then consumers could 

optimally process and distinguish among the cooking systems. If the 

sample size of consumers was increased from 15 to 90, then the total 

number of 450 observations could be maintained. The question that 

remains -- If the number of points were increased on individual 

questionnaire responses and the number of cooking systems investigated 

per consumer was decreased, then would participants experience an 

overload of information? 

Specific Recommendations 

The specific recommendations are divided into the following 

categories: Cooking systems, menu, consumers’ knowledge and practices, 

and methodology. 

Cooking systems. 

1. Further research is needed to facilitate the communication between 

cooktop and cookware manufacturers. Both groups’ output goal is 

consumers’ satisfaction, as a result of even heat distribution, 

speed of heating, retained heat, and cleanability. 

2. Further research is needed with other types and brands of cooktops 

to validate the cooktops used in the study as representative 

samples of the United States market. 

3. Further research is needed with other types and brands of cookware 

to validate the cookware used in the study as representative 

samples of the United States market. 

4. Reduce the number of cookware variables or divide the cookware 

variables into two phases of research. Possible phases are: (1) 

cookware material with similar/identical characteristics, and (2) 

cookware with various configurations, i.e., shape, capacity, and 

interior and exterior finishes (e.g., grooves and textured
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bottom). 

Observe consumers‘ meal preparation habits in order to later 

discover trends and practices of the cooking systems’ usage and 

preparation techniques used by consumers. The discovery of 

consumers’ habits will aid in the design of future cooktops and 

cookware in order to best satisfy consumers’ needs and safety. 

Menu. 

Remove canned chicken from the research menu. The chicken 

increased the cost of the project, and was not effective in 

representing the rethermalization cooking operation. 

Repeat the study utilizing a different menu to validate the 

research menu. 

Increase the number of test items and prepare a food that requires 

a large pot or dutch oven. 

Consumers’ knowledge and practices. 

Further research is needed to determine if a lesson on optimum 

utilization and efficiency would influence consumer satisfaction 

and energy consumption of a cooking system. 

Methodology. 

Further research is needed to determine consumers’ habits with the 

cooking systems in order to design cooking systems for efficiency 

and safety. 

Adapt the user interaction scale, when utilizing consumers, to be 

composed of the following: (1) None or bored/ checking, (2) 

Slight - stir/turning, (3) Moderate - stir/turning, (4) Frequent 

adjustment of controls, and (5) Continual manipulation and/or 

adjustment of controls. 

Research is needed to develop empirical data to test the validity 

and reliability of the compatibility scale.
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Implications 

When consumers purchase innovative cooktops and cookware, the need 

for consumer education increases. Consumers’ knowledge level is 

related to their satisfaction level. As consumers purchase 

innovative cooktops and cookware, there is a need for re-education 

of consumers to help them establish new habits and expectations 

for performance. 

If the diameter and/ or contact area of cookware were standardized 

for a given capacity the cooktop manufacturers could design 

cooktop units with increasing compatibility. Therefore, cooking 

systems’ energy efficiency, speed of heating, retained heat, and 

cleanability would increase. 

Cooking system tolerance has become increasingly more important as 

innovative cooktops and cookware are employed by consumers. The 

variation of consumers’ habits affect the range of necessary 

tolerance. Non-stick finish on the cookware and a heat source 

under a glass ceramic panel affects the level of user interaction 

necessary for cleaning. Therefore, when designing cooktops and 

cookware, the available features affect the level of user 

interaction and tolerance. 

As foods experts develop recipes, mixes, and prepackaged foods, 

they need to consider the various cooking systems on the market 

and the resulting performance of the systems. 

As educators continue to teach people about efficient and 

effective cooking system interaction, there is a need to determine 

the most effective medium and procedure to educate consumers.
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VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY 

Informed Consent for Participants 
of Investigative Projects 

Title of Project: Consumers’ Knowledge, Practices and Satisfaction with 
Cooking Systems’ Interaction. 

Principal Investigator: Elizabeth A. DeMerchant 

You are invited to participate in a study about cooktops and 
cookware. This study involves experimentation for the purpose of 
discovering consumer’s knowledge, practices and satisfaction of the 

interaction between a cooktop and cookware. This study involves 14 
subjects in addition to yourself. 

The procedures to be used in this research are observation and 
survey. The time and conditions required for you to participate in this 
project are that you must be a university student that can prepare the 

menu. 
Your participation in this project will provide information in the 

public domain to Appliance and Cookware Manufacturers, Home Economist 
and Household Equipment Educators and other Professionals, regarding 
consumer’s satisfaction with cooking systems interaction. 

The individual results of this study will be kept strictly 
confidential. At no time will the researchers release the individual 
results of this study to anyone other than individuals working on the 
project without your written consent. The information you provide will 

have your name removed and only your subject number will identify you 
during the analysis and in any written reports of the research. 

The experiment will be videotaped. These tapes will be reviewed 
to discover trends of cooktop and cookware usage, to aid in the design 
of cooktops and cookware. There is a possibility that the videos may be 
used in household equipment classes, professional meetings for 
dissemination, and future research projects. 

You are free to withdraw from this study at any time without 
penalty. . 

This project has been approved, as required, by the Institutional 
Review Board for projects involving human subjects at Virginia 
Polytechnic Institute and State University, by the Department of 

Housing, Interior Design and Resource Management. 

  

‘I know of no reason I cannot participate in this study. I 
understand I am to prepare the menu using different combinations of 
cooktops and cookware, and, to complete the questionnaire, 30 times. 

    
Date Signature
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VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY 

Informed Consent for Participants 

of Investigative Projects 

Title of Project: Consumers’ knowledge, Practices and Satisfaction with 
Cooking Systems‘ Interaction 

I have read and understood the informed consent and conditions of 
this project. I have had all my questions answered. I hereby 
acknowledge the above and give my voluntary consent for participation in 
this project. 

I also understand that if I participate, I may withdraw at any 
time without penalty. I agree to abide by the rules of this project. 

I understand that should I have any questions about this research 
and its conduct, I should contact: 

  

  

Elizabeth A. DeMerchant 703-951-9552 

Investigator Phone 

Rebecca P. Lovindqood 703-231-6541 

Faculty Advisor Phone 

Janet M. Johnson 703-231-6077 
  

Institutional Review Board Phone
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Specific Procedures 

Day 
On the first visit to the Residential Appliance Laboratory each 

consumer: 

1. Was given a tour of the laboratory and explanation about the roles 
of the laboratory. 

2. Was given an overview of the project. 

3. Completed a consent form. 

4. Completed part 1 of the questionnaire. 

5. Was asked to set up a schedule of times to participate in the 
investigation. 

Day 2 -- Researcher 

The following procedures were performed prior to the consumer 
entering the Residential Appliance Laboratory at Virginia Polytechnic 
Institute and State University. 

Step 1. 

1. 

2. 

1. 

2. 

Crepe 

In a blender combine the following ingredients. 

C All-Purpose Flour 
& 1/2 C Milk 
Eggs 

T Sugar 

T Vegetable Oil 
/8 t Salt M

E
N
 

Blend batter for one minute. 

Place batter in the refrigerator. 

Carrots 

Weigh and repackage 0.75 lb. of frozen carrots. 

Place carrots in the freezer. 

Measure 2 cups of water. Do not place in refrigerator. 

Broccoli 

Weigh and repackage 0.60 lb. of frozen broccoli cuts. 

Place broccoli in the freezer.
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White Sauce 

Measure and package 3 tablespoons of margarine. 

Measure and package the following ingredients: 

3 T Flour 

1/4 Salt 
1/8 T Black Pepper 

Measure and package 1 C of Milk in a liquid measuring cup covered 
with plastic wrap and place in the refrigerator. 

Open one 5 oz. can of chunk chicken. 

Drain liquid from the can of chicken. 

The following ingredients are to be collected and placed on a 
tray: 

-Crepe batter 
Vegetable oil 

-~Carrots 

Water 

-Frozen broccoli 

~Margarine 
Flour mixture 

Milk 

Canned chicken
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DATA COLLECTION SHEET 
for Consumer Satisfaction with Cooking System 

Cooktop Cookware 
    

Date Investigator 
  

  

AMBIENT CONDITIONS: 

    

    

Room Temperature Energy Consumption 

Wet Bulb KWH After 

Dry Bulb KWH Before 

Relative Humidity (Percent) Cooking Time Required 

Barometric Pressure 

  

  

  

  

  

  

  

  

Required Manipulation: User Interaction Scale: 

White Sauce 1 = None 

White Sauce/ Chicken 2 = Slight-Stir/Turning 

Broccoli 3 = Moderate-Stir/Turning 

Carrots 4 = Frequent-Adj. Control 

Crepe 5 = Continual 

Required User Interaction - Clean-up User Interaction Scale: 
Clean-up 

Cooktop - 

Units 1 = Wiped out/ off 

Surface 2 = Wiped out/ off with 
increased pressure 

Cookware - 
White Sauce 3 = Wiped out/ off and 

additional tools 
Broccoli 

4 = Additional tools and 
Carrots increased pressure 

Crepes 5 = Extended time, tools, 
  

and pressure 

Comments: 
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Conventional Electric Coil 

Solid Element 
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Cooktop 

Brand Maytag 

Model CRE355 
6 inch, 1500 Watts 

8 inch, 2600 Watts 

Brand Thermador 

Model E36 
6 inch, Thermal Limiter, 1500 Watts 

6 inch, Thermal Sensor, 1500 Watts 

8 inch, Thermal Sensor, 2000 Watts 

9 inch, Thermal Limiter, 2600 Watts 

Radiant Coil under Brand Maytag 
Glass Ceramic Model BCRE955 

6 inch, 1200 Watts 

Halogen under Glass Ceramic 

8 inch, 2100 Watts 

Black Glass Ceramic Panel 

Brand Amana 

Model AK2H30HR 

Traditional Gas Flame 

Figure 26. 

l.a. 9 inch, Radiant Coil, 2400 Watts 
b. 6 inch, Radiant Coil, 1400 Watts 

2. 6 inch, Radiant Coil, 1400 Watts 

3. 7 inch, Halogen Coil, 1800 Watts 

4. 6 inch, Halogen Coil, 1200 Watts 
White Glass Ceramic Panel 

Brand Caloric 
Model RSS3430W 

BTU Input/ Hour, Natural Gas, 10,000 

Cooktops used in the investigation
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Sauce Pans 

Thin Aluminum 

Heavy Aluminum 

Heavy Aluminum Non-stick 

Stainless Steel with 

Aluminum Heat Core 

Thin Porc-on-Aluminum Non-stick 

Glass Ceramic 

Brand Mirro/ Foley 
Model C6372 

Gauge .03 
Size -2 qt. 
Top Diameter 6 inches 
Contact area 5.125 inches 

Brand Magnalite 

Model Classic 4862 
Gauge .125 

Size 2 qt. 
Top Diameter 6.563 inches 
Contact Area 5.625 inches 

Brand Circulon 
Model 88220 
Gauge .125 

Size 2 qt. 
Top Diameter 6.938 inches 
Contact Area 5.438 inches 

Brand ReverewWare 

Model 3520020 
Gauge -25 

Size 2 qt. 
Top Diameter 7.0 inches 
Contact Area 5.625 inches 

Brand T-Fal Ultrabase 

Model Versailles - 62023 
Gauge .125 
Size 2 qt. 
Top Diameter 7.0 inches 
Contact Area 5.188 

Brand Vision 
Model V-20-N 6001889 
Gauge .125 
Size 2 qt. 
Top Diameter 6.813 inches 
Contact Area 4.875 inches 

Figure 27. Cookware used in the investigation.
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Skillet 

Thin Aluminum Brand Mirro Company 
Model Classic - 5000001 
Gauge .0625 
Top Diameter 9.5 inches 
Contact area 8.375 inches 

Non-Stick Finish 

Heavy Aluminum Brand Magnalite 
Model Classic - 4508 -B 

Top Diameter 9.75 inches 
Contact Area 8.875 inches 

Heavy Aluminum Non-stick Brand Circulon 

Model 88220 

Gauge .125 
Top Diameter 9.875 inches 
Contact Area 6.0 inches 

Stainless Steel with Brand RevereWare 

Aluminum Heat Core Model 3520500 

Gauge 225 

Top Diameter 10.0 inches 
Contact Area 7.25 inches 

Thin Porc-on-Aluminum Non-stick Brand T-Fal Ultrabase 

Model Versailles - 982100 

Gauge .125 

Top Diameter 10.0 inches 
Contact Area 7.25 inches 

Glass Ceramic Brand Vision 

Model 6015076 
Gauge .375 

Top Diameter 10.125 inches 
Contact Area 7.625 

Non-Stick Finish 

Figure 28. Cookware used in the investigation.
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Saucepan      

  

  
Figure 29. Thin gauge aluminum cookware photo.
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Saucepan      

    
  y 

Figure 30. Heavy gauge aluminum cookware photo.
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Saucepan 

  
  

Skillet 

  
Figure 31. Heavy gauge aluminum with non-stick finish cookware photo.



Saucepan 
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sie 

  

Figure 32. 

Skillet 
aoe 

Stainless steel 

  
with aluminum heat core cookware photo.
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Saucepan      

  

  
Figure 33. Thin porcelain enamel-on-aluminum with non-stick finish 

cookware photo.
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Saucepan 
ge      

  

  
Figure 34. Glass ceramic cookware photo.



145 

Heavy Gauge Aluminum with Non-Stick Finish     

    

Thin Porcelain Enamel-on-Aluminum with Non-Stick 

  
Figure 35. Interior of cookware photo.
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White Glass Ceramic Panel 

  

  

Black Glass Ceramic Panel 

  

Figure 36. White and black glass ceramic cooktop photo.
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Consumers’ Knowledge, Practices, and Satisfaction 
with 

Cooking Systems’ Interaction 
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Respondent No. 

Part 1 
Cooking Systems Satisfaction Survey 

The first section of the questionnaire includes general 
questions about your household and your knowledge and 
practices regarding the cooking system. 

Q-1 Your sex. (Circle number of your answer) 

1 MALE 
2 FEMALE 

What is the highest level of education that you have 
completed? (Circle number) 

1 SOME COLLEGE 
2 COMPLETED COLLEGE 
3 SOME GRADUATE WORK 
4 A GRADUATE DEGREE 

Have you ever purchased a cooktop? (Circle number) 

1 NO 
2 YES 

Have you ever purchased cookware? (Circle number) 

1 NO 
2 YES 

How would you rate your cooking experience? (Circle 
number) 

GOURMET 
BASIC COOK: INVOLVED 
BASIC COOK: UNINVOLVED 
RELUCTANT COOK 
NON-COOK O

W
N
 

eH 

Have you taken a household equipment course? (Circle 
number) 

1 NO 
2 YES
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Q-11 

Q-12 
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Have you taken a food preparation and selection course? 
(Circle number) 

1 NO 

2 YES 

Have you taken a course that covered cooktops and/ or 
cookware? (Circle number) 

1 NO 
2 YES 

What type of cooking procedure do 
broccoli? (Circle number) 

1 COOKTOP AND COOKWARE 
2 COOKTOP AND COOKWARE 
3. MICROWAVE OVEN 
4 RARELY 

What type of cooking procedure do 
carrots? (Circle number) 

COOKTOP AND COOKWARE 
COOKTOP AND COOKWARE 
COOKTOP AND COOKWARE 
MICROWAVE OVEN 
RARELY O

 
P
W
N
 

FR 

What type of cooking procedure do 
a white sauce? (Circle number) 

1 COOKTOP AND COOKWARE 
2 MICROWAVE OVEN 
3 RARELY 

What type of cooking procedure do 
crepes? (Circle number) 

1 COOKTOP AND COOKWARE 
2 PORTABLE CREPE BAKER 
3 RARELY 

you use when 

- STEAM 
- WATERLESS 

you use when 

- STEAM 
- WATERLESS 
- BOIL 

you use when 

you use when 

cooking 

cooking 

cooking 

cooking



151 

Q-13 What type of cooktop have you used on a regular basis? 
(Circle as many as apply) 

1 

2 

3 

4 

ae) 
6 

CONVENTIONAL ELECTRIC COIL 
SOLID ELEMENT 
ELECTRIC RESISTANCE COIL UNDER 
GLASS CERAMIC 

HALOGEN UNDER GLASS CERAMIC 
GAS FLAME 
SEALED GAS 

Q-14 What type of material is the cookware constructed of 
that you presently use? (Circle as many as apply) 

1 
2 
3 

O
N
 

CONVENTIONAL ELECTRIC COIL 
SOLID ELEMENT 
ELECTRIC RESISTANCE COIL UNDER 
GLASS CERAMIC 

HALOGEN UNDER GLASS CERAMIC 
GAS FLAME 
SEALED GAS 

Q-15 Do you presently use cookware with a non-stick finish? 
(Circle number) 

1 
2 

NO 
YES 

Q-16 What gauge (thickness) of cookware do you presently 
use? (Circle as many as apply) 

1 
2 
3 
4 

HEAVY 
MEDIUM 
THIN 
DO NOT KNOW 

Q-17 Rank the cooking system qualities in order of 
importance. 

I 

RETAINED HEAT 
SPEED OF HEATING 
EVEN HEAT DISTRIBUTION 

CLEANABILITY



Q-18 

Q-19 

20 10
 i 

Q-21 

Q-22 

23 xO
 1 
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The gauge (thickness) of the cookware affects the speed 
of heating, retained heat and evenness of heat 
distribution. (Circle number) 

1 TRUE 

2 FALSE 
3 DO NOT KNOW 

A flat bottom pan than a pan that does not have 
a flat bottom. (Circle number) 

1 CONDUCTS HEAT MORE EVENLY 

2 HEATS UP MORE SLOWLY 
3 BOTH 1 & 2 

4 NEITHER 1 OR 2 

Stainless steel is a good conductor of heat. (Circle 
number) 

1 TRUE 

2 FALSE 

3 DO NOT KNOW 

Only heavy gauge flat bottom pans can be used on a 
glass ceramic cooktop. (Circle number) 

1 TRUE 

2 FALSE 

3 DO NOT KNOW 

Glass ceramic pans produce even heat distribution and 
quick speed of heat due to direct conduction of heat. 
(Circle number) 

1 TRUE 
2 FALSE 
3 DO NOT KNOW 

A conventional electric coil element has an even heat 
distribution and quick speed of heat due to direct 
conduction of heat. (Circle number) 

1 TRUE 

2 FALSE 

3. DO NOT KNOW
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Q-24 Aluminum or copper is often applied to stainless steel 
to reduce conductivity: and produce more even heating. 
(Circle number) 

1 TRUE 
2 FALSE 
3. DO NOT KNOW 

Q~-25 The gauge (thickness) of the cookware does not affect 

the required manipulation (stirring) of food during 
cooking. (Circle number) 

1 TRUE 

2 FALSE 

3 DO NOT KNOW 

Q~26 Ease of cleaning is an advantage of a sealed glass 
burner. (Circle number) 

1 TRUE 

2 FALSE 

3 DO NOT KNOW 

Q-27 The solid element is very fast to heat up and produces 
even heat. (Circle number) 

1 TRUE 

2 FALSE 

3 DO NOT KNOW 

Q-28 Only magnetic cookware can be used on a "smooth-top" 
range. (Circle number) 

1 TRUE 
2 FALSE 
3 DO NOT KNOW 

Q-29 Glass ceramic cooktops with electric coil or halogen 
elements do not retain heat. (Circle number) 

1 TRUE 

2 FALSE 

3 DO NOT KNOW
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Respondent No. 

Cooking System No. 

Part 2 

Cooking Systems Satisfaction Survey 

The second section of the questionnaire includes 
specific questions about your satisfaction regarding the 
performance of a specific cooking system and its components. 

In general, do you attribute the most important results 
of the cooking performance to: 

COOKTOP 
COOKWARE 
COOKWARE 
COOKWARE 
COOKWARE 
COOKWARE A

O
m
h
 
W
N
 

(Circle number) 

DESIGN 
MATERIAL 
GAUGE 
FLATNESS 
FINISH 

Do you attribute the most important results of the 
broccoli’s cooking performance to: 

COOKTOP 
COOKWARE 
COOKWARE 
COOKWARE 
COOKWARE 
COOKWARE O

N
 
W
D
 

(Circle number) 

DESIGN 
MATERIAL 
GAUGE 
FLATNESS 
FINISH 

Do you attribute the most important results of the 
carrot’s cooking performance to: 

COOKTOP 
COOKWARE 
COOKWARE 
COOKWARE 
COOKWARE 
COOKWARE O

O
 
P
W
N
 

(Circle number) 

DESIGN 
MATERIAL 
GAUGE 
FLATNESS 
FINISH 

Do you attribute the most important results of the 
white sauce’s cooking performance to: 

COOKTOP 
COOKWARE 
COOKWARE 
COOKWARE 
COOKWARE 
COOKWARE N

U
 
P
W
N
 

(Circle number) 

DESIGN 
MATERIAL 
GAUGE 
FLATNESS 
FINISH
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Do you attribute the most important results of the 
crepes cooking performance to: (Circle number) 

1 COOKTOP 

2 COOKWARE - DESIGN 

3 COOKWARE - MATERIAL 

4 COOKWARE - GAUGE 

5 COOKWARE - FLATNESS 

6 COOKWARE - FINISH 

Do you attribute the least important results of the 
cooking system to: (Circle number) 

1 COOKTOP 

2 COOKWARE 

3 USER INTERACTION 

4 BOTH 1 & 2 

5 ALL 

6 NONE 

How satisfied are you with the crepes browning pattern? 
(Circle number) 

How 

the 

How 
the 

O
m
 
W
N
 

VERY SATISFIED 
SOMEWHAT SATISFIED 
NEITHER SATISFIED NOR DISSATISFIED 
SOMEWHAT DISSATISFIED 
VERY DISSATISFIED 

satisfied are you with the time required to cook 
crepes? 

O
 

&
 
W
N
 

(Circle number) 

VERY SATISFIED 
SOMEWHAT SATISFIED 
NEITHER SATISFIED NOR DISSATISFIED 
SOMEWHAT DISSATISFIED 
VERY DISSATISFIED 

satisfied are you with the required manipulation of 
crepes? 

O
&
 
W
N
 

eH 

(Circle number) 

VERY SATISFIED 
SOMEWHAT SATISFIED 
NEITHER SATISFIED NOR DISSATISFIED 
SOMEWHAT DISSATISFIED 
VERY DISSATISFIED
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Q-11 

Q-12 

Q-13 

Q-14 
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How satisfied are you with the required manipulation 
(stirring) of the white sauce? (Circle number) 

VERY SATISFIED 
SOMEWHAT SATISFIED 
NEITHER SATISFIED NOR DISSATISFIED 
SOMEWHAT DISSATISFIED 
VERY DISSATISFIED ON 

W
H
 

How satisfied are you with the time required to cook 
the white sauce? (Circle number) 

VERY SATISFIED 
SOMEWHAT SATISFIED 
NEITHER SATISFIED NOR DISSATISFIED 
SOMEWHAT DISSATISFIED 
VERY DISSATISFIED O

 
P
W
N
 

PB 

How satisfied are you with the color of the vegetables? 
(Circle number) 

VERY SATISFIED 
SOMEWHAT SATISFIED 
NEITHER SATISFIED NOR DISSATISFIED 
SOMEWHAT DISSATISFIED 
VERY DISSATISFIED O

®
W
N
 

How satisfied are you with the broccoli’s texture after 
waterless (minimum water) cooking? (Circle number) 

VERY SATISFIED 
SOMEWHAT SATISFIED 
NEITHER SATISFIED NOR DISSATISFIED 
SOMEWHAT DISSATISFIED 
VERY DISSATISFIED OM 

&
 
W
N
P
 

How satisfied are you with the required time of cooking 
the broccoli using the waterless (minimum water) 
method? (Circle number) 

VERY SATISFIED 
SOMEWHAT SATISFIED 
NEITHER SATISFIED NOR DISSATISFIED 
SOMEWHAT DISSATISFIED 
VERY DISSATISFIED O

&
 
W
N
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Q- 

15 

16 

17 

18 

19 
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How satisfied are you with the time required to boil 
the carrots? (Circle number) 

VERY SATISFIED 
SOMEWHAT SATISFIED 
NEITHER SATISFIED NOR DISSATISFIED 
SOMEWHAT DISSATISFIED 
VERY DISSATISFIED O

P
 
W
N
 

How satisfied are you with the color of the carrots 
after boiling? (Circle number) 

VERY SATISFIED 
SOMEWHAT SATISFIED 
NEITHER SATISFIED NOR DISSATISFIED 
SOMEWHAT DISSATISFIED 
VERY DISSATISFIED O

P
 
W
M
H
 

How satisfied are you with the tightness of the 
Saucepan cover? (Circle number) 

VERY SATISFIED 
SOMEWHAT SATISFIED 
NEITHER SATISFIED NOR DISSATISFIED 
SOMEWHAT DISSATISFIED 
VERY DISSATISFIED OM 

B
®
W
N
 Re

 

How satisfied are you with the ease of cleaning the 
cookware? (Circle number) 

VERY SATISFIED 
SOMEWHAT SATISFIED 
NEITHER SATISFIED NOR DISSATISFIED 
SOMEWHAT DISSATISFIED 
VERY DISSATISFIED O

B
 
W
N
 

How satisfied are you with the ease of cleaning the 
cooktop? (Circle number) 

VERY SATISFIED 
SOMEWHAT SATISFIED 
NEITHER SATISFIED NOR DISSATISFIED 
SOMEWHAT DISSATISFIED 
VERY DISSATISFIED 

“nA 
RB 
W
N
 

eR



Q- 

Q-21 

10
 I 

20 

22 

23 
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How satisfied are you with the shape of the knobs on 
the cookware? 

O
B
 
W
N
 

(Circle number) 

VERY SATISFIED 
SOMEWHAT SATISFIED 
NEITHER SATISFIED NOR DISSATISFIED 
SOMEWHAT DISSATISFIED 
VERY DISSATISFIED 

How satisfied are you with the shape of the handles on 
the cookware? (Circle number) 

1 VERY SATISFIED 
2 SOMEWHAT SATISFIED 
3 NEITHER SATISFIED NOR DISSATISFIED 
4 SOMEWHAT DISSATISFIED 
5 VERY DISSATISFIED 

Do you feel that the weight of the cookware 
is...(Circle number) 

1 TOO HEAVY 
2 SOMEWHAT HEAVY 

3. NEITHER HEAVY NOR LIGHT 
4 SOMEWHAT LIGHT 
5 TOO LIGHT 

Do you feel 
number) 

OM 
Bm 
W
N
 

that the skillet handles are...(Circle 

TOO LONG 
SOMEWHAT LONG 
NEITHER LONG NOR SHORT 
SOMEWHAT SHORT 
TOO SHORT
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Q-24 How satisfied are you with the cooking system’s 
performance? (Circle number) 

VERY SATISFIED 
SOMEWHAT SATISFIED 
NEITHER SATISFIED NOR DISSATISFIED 
SOMEWHAT DISSATISFIED 
VERY DISSATISFIED ON

 
P
W
N
 

FEFEREHEEEPEREEEEEEEEREEREEREEEREEEEEREEEEE EEE EEE BE EE 

Congratulations - you have just completed an 
investigation of a cooking system! Thank you for your 
contribution to this research project. Your time and 
comments have been greatly appreciated.
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Part 3 
Cooking Systems Satisfaction Survey 

The third section of the questionnaire includes general 
questions about your present preferences and knowledge 
regarding the cooking system. 

Q-1 A. Of the cookware investigated in the study, which 
type of cookware would you prefer. B. Why? 

A. 
  

B. 

  

What characteristic did you most prefer for each piece 
of cookware? For example - 
Stainless Steel with Copper Clad Bottom --Looks Pretty 

  

A. Thin Aluminum 
  

B. Heavy Aluminun 
  

Cc. Heavy Aluminum with Non-Stick Finish 
  

D. Heavy Stainless Steel with Aluminum Disk Bottom 

E. Thin Porc-on-Aluminum with Non-Stick Finish 

F. Glass Ceramic 
  

What characteristics did you least prefer for each 
piece of cookware? 

A. Thin Aluminum 
  

B. Heavy Aluminum 
  

C. Heavy Aluminum with Non-Stick Finish 
  

D. Heavy Stainless Steel with Aluminum Disk Bottom 

E. Thin Porc-on-Aluminum with Non-Stick Finish 

  

F. Glass Ceramic
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What would you consider the three most important 
characteristics of ideal cookware? 

A. 
  

B. 
  

Cc. 

  

A. Of the cooktops investigated in this study, which 
cooktop would you prefer? B. Why? 

A. 
  

B. 
  

What characteristics did you most prefer for each of 
the cooktops? 

A. Conventional Electric Coil 
  

B. Solid Element 
  

Cc. Radiant Coil under Glass Ceramic   

D. Halogen under Glass Ceramic 
  

E. Traditional Gas Flame 
  

What characteristics did you least prefer for each of 
the cooktops? 

A. Conventional Electric Coil 
  

B. Solid Element 
  

C. Radiant Coil under Glass Ceramic 
  

D. Halogen under Glass Ceramic 
  

E. Traditional Gas Flame 
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Q-8 What would you consider the three most important 
characteristics of the ideal cooktop? 

A. 
  

B. 
  

Cc. 
  

Q-9 A. Which cooking system (cooktop and cookware 
combination) would you prefer? B. Why? 

A. 
  

B. 
  

Q-10 How has your perception of cooking system interaction 
changed since participation in this project? 

Q-11 If the menu were changed to spaghetti with meat sauce 
and broccoli with cheese sauce, what differences would 
you anticipate with respect to: 

A. Required manipulation - 
None Continual 

1 Skillet Hamburger 1 2 3 4 #5 

1 Dutch Oven Spaghetti 1 2 3 4 §5 

2qt. Saucepan Broccoli 12 3 4 5 

2qt. Saucepan Cheese Sauce 1 2 3 4 5 

2qt. Saucepan Spaghetti Sauce 1 2 3 4 5 

B. Ease of cleaning cooktop - 
None Extended 

1 Skillet Hamburger 12 3 4 5 

1 Dutch Oven Spaghetti 1 2 3 4 #5 

2qt. Saucepan Broccoli 12 3 4 § 

2qt. Saucepan Cheese Sauce 1 2 3 4 5 

2qt. Saucepan Spaghetti Sauce 12 3 4 5
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C. Ease of cleaning cookware - 

1 Skillet 

1 Dutch Oven 

2qt. Saucepan 

2qt. Saucepan 

2qt. Saucepan 

None Extended 
Hamburger 1 2 3 4 5 

Spaghetti 1 2 3 4 §5 

Broccoli 1 2 3 4 5 

Cheese Sauce 12 3 4 #5 

Spaghetti Sauce 1 2 3 4 5 

Where would you place the pans and in what sequence on 
the following cooktops: 

    

  
O 
© 

O 
O 

O 
O   

O 
O         

12 

13 

A. 1 Skillet 
B. 1 Dutch Oven Spaghetti 
C. 2qt. Saucepan Broccoli 
D. 2qt. Saucepan Cheese Sauce 

Sequence - Number 1-5 

Hamburger 
  

  

  

  

E. 2qt. Saucepan Spaghetti Sauce 

A. Would a change in the research menu change your 
preferred cookware selection? B. Why? 

  

B. 

  

A. Would a change in the research menu change your 
preferred cooktop selection? B. Why? 

A. 

  

B. 
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Q-17 

Q-18 

Q-19 
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If you were planning a project such as this, what would 
you do differently? 

A. 
  

B. 
  

If you were conducting a project such as this, what 
would you do differently? 

A. 
  

B. 
  

General Comments - 

  

  

  

Rank the cooking system qualities in order of 
importance. 

RETAINED HEAT 
SPEED OF HEATING 
EVEN HEAT DISTRIBUTION 
CLEAN ABILITY 

| 

  

The gauge (thickness) of the cookware affects the speed 
of heating, retained heat and evenness of heat 
distribution. (Circle number) 

1 TRUE 

2 FALSE 

3 DO NOT KNOW 

A flat bottom pan, than a pan that does not have 
a flat bottom. (Circle number) 

CONDUCTS HEAT MORE EVENLY 
HEATS UP MORE SLOWLY 
BOTH 1 & 2 
NEITHER 1 OR 2 m

W



20 

21 

22 

23 

24 

25 

165 

Stainless steel is a good conductor of heat. (Circle 
number) 

1 TRUE 
2 FALSE 
3 DO NOT KNOW 

Only heavy gauge flat bottom pans can be used on a 
glass ceramic cooktop. (Circle number) 

1 TRUE 

2 FALSE 

3 DO NOT KNOW 

Glass ceramic pans produce even heat distribution and 
quick speed of heat due to direct conduction of heat. 
(Circle number) 

1 TRUE 
2 FALSE 
3 DO NOT KNOW 

A conventional electric coil element has an even heat 
distribution and quick speed of heat due to direct 
conduction of heat. (Circle number) 

1 TRUE 

2 FALSE 

3 DO NOT KNOW 

Aluminum or copper is often applied to stainless steel 
to reduce conductivity and produce more even heating. 
(Circle number) 

1 TRUE 
2 FALSE 
3 DO NOT KNOW 

The gauge (thickness) of the cookware does not affect 
the required manipulation (stirring) of food during 
cooking. (Circle number) 

1 TRUE 
2 FALSE 
3 DO NOT KNOW
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Q-26 Ease of cleaning is an advantage of a sealed glass 
burner. (Circle number) 

1 TRUE 

2 FALSE 
3 DO NOT KNOW 

Q-27 The solid element is very fast to heat up and produces 
even heat. (Circle number) 

1 TRUE 

2 FALSE 
3. DO NOT KNOW 

Q-28 Only magnetic cookware can be used on a "smooth-top" 
range. (Circle number) 

1 TRUE 

2 FALSE 

3 DO NOT KNOW 

Q-29 Glass ceramic cooktops with electric coil or halogen 
elements do not retain heat. (Circle number) 

1 TRUE 
2 FALSE 
3 DO NOT KNOW 

HEHE PEPE EERE EERE EEE EEE ERE EE EERE EERE EEE EE HE EEE 

Thank you for your contribution to this investigation 
of consumers’ satisfaction of cooking systems’ interaction. 
Your contribution has help make this project possible. The 
information that you have provided is greatly appreciated. 

For payment purposes, the following information is needed. 

Student ID Number - 
  

Summer Address - 
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Table 38 

Mean Energy Consumption of Cooking Systems Interaction 

(4 Electric Cooktops, 6 types of Cookware for 15 

Participants) 
  

  

  

  

  

Count Mean Std.Error 

ALL 360 760.2 

Cooktop, Cookware 
1,1 15 780.1 23.3 

1,2 15 807.1 23.3 

1,3 15 706.8 23.3 

1,4 15 655.6 23.3 

1,5 15 729.7 23.3 

1,6 15 753.6 23.3 

2,1 15 930.3 23.3 

2,2 15 800.8 23.3 

2,3 15 863.5 23.3 

2,4 15 698.1 23.3 

2,5 15 840.1 23.3 
2,6 15 868.1 23.3 

3,1 15 784.9 23.3 

3,2 15 786.9 23.3 

3,3 15 749.4 23.3 

3,4 15 650.6 23.3 

3,5 15 764.1 23.3 

3,6 15 705.7 23.3 

4,1 15 793.9 23.3 

4,2 15 739.0 23.3 
4,3 15 747.8 23.3 

4,4 15 629.8 23.3 

4,5 15 768.1 23.3 
4,6 15 691.7 23.3 

Note. 
Cooktop cookware 

1 Conventional Electric Coil Thin Aluminum 
2 Solid Element Heavy Aluminum 
3 Radiant Coil u/Glass Ceramic Heavy Aluminum NS 
4 Halogen u/Glass Ceramic S Steel w/Alum HC 

5 Thin Porc-on-Alum NS 
6 Glass Ceramic 
Note. Due to lack of metering equipment, energy consumption 
  

was measured for electric cooktops only.



169 

Table 39 

Means and Standard Errors for Relationship Between 

Consumers’ Pretest Knowledge and General Satisfaction with 

Cooking Systems’ Interaction 

  

Count Mean Std. Error 
  

  

ALL 450 43.6 

SATISFACTION GENERAL 

Very Satisfied 75 45.8 2.2 
Somewhat Satisfied 172 45.9 1.4 
Neither Satisfied nor Dissatisfied 103 44.7 1.9 
Somewhat Satisfied 75 41.2 2.2 
Very Dissatisfied 25 40.5 3.8 

  

  

Note. Hypothesis 1
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Table 40 

Means and Standard Errors for Relationship Between 

Consumers’ Posttest Knowledge and General Satisfaction with 

Cooking Systems’ Interaction 

  

Count Mean Std. Error 
  

ALL 450 70.8 

SATISFACTION GENERAL 
Very Satisfied 75 74.7 1.6 
Somewhat Satisfied 172 73.4 1.1 
Neither Satisfied nor Dissatisfied 103 72.9 1.4 
Somewhat Dissatisfied 75 68.6 1.6 
Very Dissatisfied 25 64.2 2.8 

  

Note. Hypothesis 1 
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Table 41 

Means and Standard Errors of Relationship Between Cooking 

Systems’ Compatibility and General Satisfaction with Cooking 

Systems’ Interaction 

  

Count Mean Std. Error 
  

ALL 450 2.5 

System Compatibility 
  

7 Points 30 3.3 -15 
8 Points 90 3.2 -15 
9 Points 45 3.2 -15 
10 Points 45 1.7 -15 

11 Points 45 2.7 -15 
12 Points 120 2-2 8.90 

13 Points 60 2.3 -13 
14 Points 15 1.9 .25 

  

Note. Hypothesis 2 
Note. Maximum number of points was 15.
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Table 42 

Means and Standard Errors of Consumers’ Satisfaction with 

Speed of Heating as Indicated by Frying Crepes 
  

  

  

  

  

Count Mean Std. Error 

Cooktop, Cookware 

1,1 15 3.5 -25 

1,2 15 2.3 25 

1,3 15 2.3 25 
1,4 15 2.0 25 
1,5 15 1.6 25 
1,6 15 3.6 25 
2,1 15 3.1 25 
2,2 15 2.5 ~25 

2,3 15 2.0 ~25 

2,4 15 2.6 25 

2,5 15 2.3 -25 

2,6 15 4.3 225 
3,1 15 2.7 ~25 

3,2 15 2.6 ~25 

3,3 15 1.8 -25 
3,4 15 2.4 ~25 

3,5 15 2.2 -25 
3,6 15 3.1 25 

4,1 15 3.2 225 

4,2 15 2.1 225 

4,3 15 2.0 ~25 
4,4 15 2.3 25 

4,5 15 1.7 2295 

4,6 15 3.0 225 

5,1 15 3.3 225 

5,2 15 2.3 25 
5,3 15 2.5 225 

5,4 15 3.1 25 

5,5 15 2.3 225 

5,6 15 3.7 25 

Note. Hypothesis 5 
Cooktop Cookware 

1 Conventional Electric Coil Thin Aluminum 
2 Solid Element Heavy Aluminum 
3 Radiant Coil u/Glass Ceramic Heavy Aluminum NS 
4 Halogen u/Glass Ceramic S Steel w/Alum HC 

5 Thin Porc-on-Alum NS 
6 Glass Ceramic
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Table 43 

Means and Standard Errors of Consumers’ Satisfaction with 

Speed of Heating as Indicated by Thermalization Cooking 
Operation 
  

  

  

  

  

Count Mean Std. Error 

ALL 450 2.2 

Cooktop, Cookware 

1,1 15 2.4 -19 

1,2 15 2.1 .19 
1,3 15 1.8 .19 
1,4 15 2.1 .19 
1,5 15 1.9 .19 
1,6 15 2.7 .19 
2,1 15 2.3 -19 

2,2 15 2.0 .19 
2,3 15 2.1 .19 
2,4 15 2.1 .19 
2,5 15 2.1 .19 
2,6 15 3.0 -19 

3,1 15 2.2 .19 
3,2 15 2.2 .19 
3,3 15 1.7 .19 
3,4 15 2.4 .19 
3,5 15 2.2 .19 
3,6 15 2.3 .19 
4,1 15 2.5 .19 
4,2 15 2.1 .19 
4,3 15 1.9 .19 
4,4 15 2.0 19 

4,5 15 2.0 -19 
4,6 15 2.5 19 

5,1 15 2.5 .19 
5,2 15 2.3 .19 
5,3 15 1.8 .19 
5,4 15 2.2 .19 
5,5 15 2.1 .19 
5,6 15 2.5 .19 

Note. Hypothesis 5 
Cooktop Cookware 

1 Conventional Electric Coil Thin Aluminum 
2 Solid Element Heavy Aluminum 
3. Radiant Coil u/Glass Ceramic Heavy Aluminum NS 
4 Halogen u/Glass Ceramic S Steel w/Alum HC 

5 Thin Porc-on-Alum NS 
6 Glass Ceramic
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Table 44 

Means and Standard Errors of Consumers’ Satisfaction with 

Speed of Heating as Indicated by Waterless Cooking 
  

  

  

  

  

Count Mean Std.Error 

ALL 450 2.3 

Cooktop, Cookware 

1,1 15 2.6 .21 
1,2 15 2.4 .21 
1,3 15 1.9 .21 
1,4 15 2.1 .21 
1,5 15 2.0 .21 
1,6 15 2.5 .21 
2,1 15 2.4 .21 
2,2 15 2.0 e2l 

2,3 15 1.9 .21 
2,4 15 1.9 .21 
2,5 15 2.4 21 

2,6 15 3.1 221 
3,1 15 2.2 .21 
3,2 15 2.2 .21 
3,3 15 2.2 2221 
3,4 15 2.4 e2l 

3,5 15 1.7 21 

3,6 15 2.7 221 
4,1 15 2.5 .21 
4,2 15 2.1 221 
4,3 15 2.0 .21 
4,4 15 2.3 .21 
4,5 15 1.8 .21 
4,6 15 2.4 eal 

5,1 15 2.6 £21 
5,2 15 2.2 21 

5,3 15 2.3 £21 
5,4 15 2.4 £21 
5,5 15 2.0 .21 
5,6 15 2.5 .21 

Note. Hypothesis 5 
Cooktop Cookware 

1 Conventional Electric Coil Thin Aluminum 
2 Solid Element Heavy Aluminum 
3 Radiant Coil u/Glass Ceramic Heavy Aluminum NS 
4 Halogen u/Glass Ceramic S Steel w/Alum HC 
5 Thin Porc-on-Alum NS 
6 Glass Ceramic



175 

Table 45 

Means and Standard Errors of Consumers’ Satisfaction with 
Speed of Heating as Indicated by Boiling Carrots 
  

Count Mean Std.Error 
  

  

  

  

ALL 450 2.1 

Cooktop, Cookware 
1,1 15 2.6 .19 
1,2 15 2.1 .19 
1,3 15 1.7 .19 
1,4 15 1.7 .19 
1,5 15 1.5 .19 
1,6 15 2.1 .19 
2,1 15 2.2 .19 
2,2 15 1.9 .19 
2,3 15 1.9 .19 
2,4 15 1.7 .19 
2,5 15 2.1 .19 
2,6 15 2.5 -19 

3,1 15 2.3 .19 

3,2 15 2.1 .19 

3,3 15 1.7 .19 
3,4 15 2.0 .19 
3,5 15 2.0 -19 

3,6 15 2.1 .19 
4,1 15 2.6 ~19 

4,2 15 2.1 .19 
4,3 15 1.9 .19 
4,4 15 2.3 .19 
4,5 15 1.6 .19 
4,6 15 2.6 .19 
5,1 15 2.0 .19 

5,2 15 2.0 .19 
5,3 15 1.9 -19 

5,4 15 2.0 .19 

5,5 15 1.8 .19 
5,6 15 2.5 19 

Note. Hypothesis 5 
Cooktop Cookware 

1 Conventional Electric Coil Thin Aluminum 
2 Solid Element Heavy Aluminum 
3 Radiant Coil u/Glass Ceramic Heavy Aluminum NS 
4 Halogen u/Glass Ceramic S Steel w/Alum HC 
5 Thin Porc-on-Alum NS 
6 Glass Ceramic
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Table 46 

Means and Standard Errors of Consumers’ Satisfaction with 
Speed of Heating as Indicated Frying Crepes 
  

Count Mean Std. Error 
  

  

  

  

Cooktop, Cookware 
1,1 15 3.5 225 

1,2 15 2.3 225 

1,3 15 2.3 225 

1,4 15 2.0 225 
1,5 15 1.6 ~25 

1,6 15 3.6 .25 
2,1 15 3.1 25 

2,2 15 2.5 225 

2,3 15 2.0 225 

2,4 15 2.6 ~25 

2,5 15 2.3 -25 

2,6 15 4.3 225 

3,1 15 2.7 25 

3,2 15 2.6 225 

3,3 15 1.8 -25 

3,4 15 2.4 225 

3,5 15 2.2 25 

3,6 15 3.1 225 

4,1 15 3.2 225 

4,2 15 2.1 25 

4,3 15 2.0 225 

4,4 15 2.3 25 

4,5 15 1.7 25 

4,6 15 3.0 225 

5,1 15 3.3 ~25 

5,2 15 2.3 25 

5,3 15 2.5 225 

5,4 15 3.1 25 

5,5 15 2.3 225 
5,6 15 3.7 -25 

Note. Hypothesis 6 
Cooktop Cookware 

1 Conventional Electric Coil Thin Aluminum 
2 Solid Element Heavy Aluminum 
3 Radiant Coil u/Glass Ceramic Heavy Aluminum NS 
4 Halogen u/Glass Ceramic S Steel w/Alum HC 
5 Thin Porc-on-Alum NS 
6 Glass Ceramic
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Table 47 

Means and Standard Errors of Consumers’ Satisfaction of 

Speed of Heating as Indicated by Thermalization Cooking 
Operation 
  

Count Mean Std.Error 
  

  

  

  

ALL 450 2.2 

Cooktop, Cookware 
1,1 15 2.4 .19 
1,2 15 2.1 19 

1,3 15 1.8 -19 

1,4 15 2.1 -19 

1,5 15 1.9 .19 
1,6 15 2.7 -19 

2,1 15 2.3 .19 
2,2 15 2.0 -19 

2,3 15 2.1 ~19 

2,4 15 2.1 -19 

2,5 15 2.1 -19 

2,6 15 3.0 .19 
3,1 15 2.2 .19 
3,2 15 2.2 -19 

3,3 15 1.7 -19 

3,4 15 2.4 ~19 

3,5 15 2.2 19 

3,6 15 2.3 .19 
4,1 15 2.5 .19 
4,2 15 2.1 .19 
4,3 15 1.9 -19 

4,4 15 2.0 -19 

4,5 15 2.0 .19 
4,6 15 2.5 .19 
5,1 15 2.5 -19 

5,2 15 2.3 .19 
5,3 15 1.8 .19 
5,4 15 2.2 -19 

5,5 15 2.1 -19 

5,6 15 2.5 -19 

Note. Hypothesis 6 
Cooktop Cookware 

1 Conventional Electric Coil Thin Aluminum 
2 Solid Element Heavy Aluminum 
3 Radiant Coil u/Glass Ceramic Heavy Aluminum NS 
4 Halogen u/Glass Ceramic S Steel w/Alum HC 
5 Thin Porc-on-Alum NS 
6 Glass Ceramic
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Table 48 

Means and Standard Errors of Consumers’ Satisfaction 
with Speed of Heating as Indicated by Waterless 
Cooking Operation 
  

Count Mean Std.Error 
  

  

  

  

ALL 450 2.3 

Cooktop, Cookware 

1,1 15 2.6 .21 
1,2 15 2.4 £21 
1,3 15 1.9 21 

1,4 15 2.1 .21 
1,5 15 2.0 .21 
1,6 15 2.5 .21 
2,1 15 2.4 .21 
2,2 15 2.0 221 

2,3 15 1.9 21 

2,4 15 1.9 21 

2,5 15 2.4 .21 
2,6 15 3.1 21 

3,1 15 2.2 .21 
3,2 15 2.2 .21 
3,3 15 2.2 .21 
3,4 15 2.4 .21 
3,5 15 1.7 .21 
3,6 15 2.7 .21 
4,1 15 2.5 e2l 

4,2 15 2.1 ai 

4,3 15 2.0 221 
4,4 15 2.3 21 

4,5 15 1.8 21 

4,6 15 2.4 .21 
5,1 15 2.6 .21 
5,2 15 2.2 .21 
5,3 15 2.3 e21 

5,4 15 2.4 .21 
5,5 15 2.0 .21 
5,6 15 2.5 221 

Note. Hypothesis 6 
Cooktop Cookware 

1 Conventional Electric Coil Thin Aluminum 
2 Solid Element Heavy Aluminum 
3 Radiant Coil u/Glass Ceramic Heavy Aluminum NS 
4 Halogen u/Glass Ceramic S Steel w/Alum HC 
5 Thin Porc-on-Alum NS 
6 Glass Ceramic
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Table 49 

Means and Standard Errors of Consumers’ Satisfaction with 
Speed of Heating as Indicated by Boiling 
Carrots 
  

Count Mean Std.Error 
  

  

  

ALL 450 2.1 

Cooktop, Cookware 
1,1 15 2.6 .19 
1,2 15 2.1 .19 
1,3 15 1.7 -19 

1,4 15 1.7 -19 

1,5 15 1.5 .19 
1,6 15 2.1 .19 
2,1 15 2.2 .19 
2,2 15 1.9 .19 
2,3 15 1.9 -19 

2,4 15 1.7 -19 

2,5 15 2.1 .19 
2,6 15 2.5 -19 

3,1 15 2.3 -19 

3,2 15 2.1 .19 
3,3 15 1.7 -19 

3,4 15 2.0 19 

3,5 15 2.0 -19 

3,6 15 2.1 -19 

4,1 15 2.6 .19 
4,2 15 2.1 .19 
4,3 15 1.9 -19 

4,4 15 2.3 -19 

4,5 15 1.6 .19 
4,6 15 2.6 -19 

5,1 15 2.0 .19 
5,2 15 2.0 -19 

5,3 15 1.9 19 

5,4 15 2.0 -19 

5,5 15 1.8 .19 
5,6 15 2.5 -19 

Note. Hypothesis 6 
Cooktop Cookware 

1 Conventional Electric Coil Thin Aluminum 
2 Solid Element Heavy Aluminum 
3 Radiant Coil u/Glass Ceramic Heavy Aluminum NS 
4 Halogen u/Glass Ceramic S Steel w/Alum HC 
5 Thin Porc-on-Alum NS 
6 Glass Ceramic
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Table 50 

Means and Standard Errors of Consumers’ Satisfaction with 

User Interaction as Indicated by Frying Crepes 
  

Count Mean Std.Error 
  

  

  

ALL 450 2.7 

Cooktop, Cookware 
1,1 15 3.2 .26 
1,2 15 2.2 ~26 

1,3 15 2.1 ~26 

1,4 15 2.1 -26 

1,5 15 1.9 -26 

1,6 15 4.1 ~26 

2,1 15 2.9 ~26 

2,2 15 2.5 ~26 

2,3 15 2.5 26 

2,4 15 2.5 .26 
2,5 15 2.1 -26 

2,6 15 4.9 .26 
3,1 15 2.7 .26 
3,2 15 2.9 .26 
3,3 15 1.9 .26 
3,4 15 2.7 .26 
3,5 15 2.1 ~26 

3,6 15 3.0 .26 
4,1 15 3.0 .26 
4,2 15 2.3 .26 
4,3 15 2.3 .26 
4,4 15 2.7 26 

4,5 15 1.7 .26 
4,6 15 3.2 .26 
5,1 15 3.5 .26 
5,2 15 2.7 .26 
5,3 15 2.3 .26 
5,4 15 3.3 .26 
5,5 15 2.5 .26 
5,6 15 3.8 .26 

Note. Hypothesis 7 
Cooktop Cookware 

1 Conventional Electric Coil Thin Aluminum 
2 Solid Element Heavy Aluminum 
3 Radiant Coil u/Glass Ceramic Heavy Aluminum NS 
4 Halogen u/Glass Ceramic S Steel w/Alum HC 
5 Thin Porc-on-Alum NS 
6 Glass Ceramic
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Table 51 

Means and Standard Errors of Consumers’ Satisfaction with 

User Interaction as Indicated by Thermalization Cooking 
Operation 
  

Count Mean Std.Error 
  

  

  

ALL 450 2.3 

Cooktop, Cookware 
1,1 15 2.5 .20 
1,2 15 2.2 -20 

1,3 15 1.9 .20 
1,4 15 2.2 .20 
1,5 15 1.7 .20 
1,6 15 2.7 .20 
2,1 15 2.7 -20 

2,2 15 2.1 -20 

2,3 15 1.9 .20 
2,4 15 2.3 -20 

2,5 15 2.0 .20 
2,6 15 3.5 -20 

3,1 15 2.5 -20 

3,2 15 2.0 20 

3,3 15 1.8 -20 

3,4 15 2.3 -20 

3,5 15 2.2 -20 

3,6 15 2.3 20 

4,1 15 2.7 -20 

4,2 15 2.3 -20 

4,3 15 1.8 -20 

4,4 15 2.1 -20 

4,5 15 1.9 -20 

4,6 15 2.6 -20 

5,1 15 2.7 .20 
5,2 15 2.4 -20 

5,3 15 1.9 -20 

5,4 15 2.3 -20 

5,5 15 1.9 -20 

5,6 15 3.0 -20 

Note. Hypothesis 7 
Cooktop Cookware 

1 Conventional Electric Coil Thin Aluminum 
2 Solid Element Heavy Aluminum 
3. Radiant Coil u/Glass Ceramic Heavy Aluminum NS 
4 Halogen u/Glass Ceramic S Steel w/Alum HC 
5 Thin Porc-on-Alum NS 
6 Glass Ceramic
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Table 52 

Means and Standard Errors of Consumers’ General Satisfaction 

with Cooking Systems’ Interaction 
  

  

  

  

Count Mean Std. Error 

ALL 450 2.6 

Cooktop, Cookware 

1,1 15 3.4 .23 
1,2 15 2.1 .23 
1,3 15 1.9 23 

1,4 15 1.9 .23 
1,5 15 1.4 .23 
1,6 15 3.3 ~23 

2,1 15 3.0 .23 
2,2 15 2.4 23 

2,3 15 2.2 .23 
2,4 15 2.5 .23 
2,5 15 2.0 .23 
2,6 15 4.1 .23 
3,1 15 3.1 .23 
3,2 15 2.7 .23 
3,3 15 2.0 223 

3,4 15 2.6 .23 
3,5 15 1.8 .23 
3,6 15 3.0 .23 
4,1 15 3.1 223 

4,2 15 2.2 223 

4,3 15 2.2 223 

4,4 15 2.4 223 

4,5 15 1.8 23 

4,6 15 3.1 .23 
5,1 15 3.2 223 

5,2 15 2.7 .23 
5,3 15 2.3 23 

5,4 15 2.9 23 

5,5 15 2.2 223 

5,6 15 3.5 .23 

Note. Hypothesis 9 
Cooktop Cookware 

1 Conventional Electric Coil Thin Aluminum 
2 Solid Element Heavy Aluminum 
3 Radiant Coil u/Glass Ceramic Heavy Aluminum NS 
4 Halogen u/Glass Ceramic S Steel w/Alum HC 
5 Thin Porc-on-Alum NS 
6 Glass Ceramic



VITA 

Elizabeth A. DeMerchant was born in Easton, Maine, on 

September 19, 1965. Upon graduating from Easton High School 

in 1984, she entered the University of Maine at Farmington. 

In 1988, she graduated with a Bachelor of Science degree in 

Home Economics. She accepted a teaching position at School 

Administrative District #13, Valley Jr./ Sr. High School, in 

Bingham, Maine, in August, 1988. She taught home economics 

grades 7-12. 

In September, 1991, she became a full-time graduate 

student at Virginia Polytechnic Institute and State 

University. As a graduate student, she served as graduate 

teaching assistant for the Department of Housing, Interior 

Design, and Resource Management, and participated in several 

department research projects. She received a Master of 

Science degree in Housing, Interior Design, and Resource 

Management in December of 1993. 

Elizabeth is a member of the American Home Economics 

Association, Maine Home Economics Teachers Association, Home 

Economics Educators Association, Association of Home 

Equipment Educators, Omicron Delta Kappa, and Kappa Omicron 

Nu. While attending school, she served as a Co-Department 

Representative to the Graduate Student Assembly, vice 

president of the O Beta Zeta Chapter of Kappa Omicron Nu, a 

183



184 

member of the Graduate Honor Court, and Consumer Interest 

Organization. 

She is the 1992 and 1993 recipient of the Julia Kiene 

Fellowship given by The Electrical Women’s Round Table, 

Inc., the University of Maine at Farmington’s Elizabeth S. 

Gorvine Scholarship, and the 1993 recipient of the O Beta 

Zeta Chapter of Kappa Omicron Nu’s Graduate Student 

Scholarship, Maine Home Economics Teachers Association 

Scholarship, and Graduate Student Assembly Research Project 

elizabeth A. DeMerchant 

Funding.


