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The purpose of this study was to determine if

occupants' satisfaction and problems with their houses

differed by four categories of passive solar systems. The

four categories were: 1) south facing window,

2) sunspace, 3) south facing window + sunspace, and

4) south facing window + sunspace + Trombe wall. The

objectives were: 1) to determine if occupants'

satisfaction with 12 features of their houses differed by

four categories of passive solar systems, 2) to determine

if the occupants' overall satisfaction with features of

their houses differed by four categories of passive solar

systems, 3) to assess if there were differences in

occupants' reported occurrence of 18 problems among the

four categories of passive solar systems, and 4) to assess

if occupants' overall problem differed among the four

categories of passive solar systems.



The data were collected in a mail survey, Passive

Solar Homes in Oregon, in 1986. The sample size for this

study consisted of 273 passive solar houses in Oregon.

Statistical analyses of the data were computed using

frequency distributions, Chi-square tests, and one-way

analysis of variance.

The majority of the respondents in this study were

young, around 45 years, lived in small households, were

college educated, and owned their houses. Their mean

gross family income was in the category of $ 40,000

through $ 49,999. The majority of the houses in this

sample were single family detached built on one to two

acres of land. The median size of the houses was in the

category of 1,500 through 1,999 square feet, and they were

located outside the city limits. The category of passive

solar system used most in the design of the houses was the

south facing window + sunspace system. The majority of

the respondents were very satisfied with the following

features of their houses: time and effort required in

daily operation, exterior design of house, floor plan,

interior decorating and general maintenance requirements.

The problem of cleaning of high window or glass areas was

reported by most respondents.

There was a significant (p < .05) difference in

occupants' satisfaction with the general maintenance

requirements (p = .008) among the four categories of

passive solar houses. There was no difference (p < .05)



in occupants' satisfaction with 1) energy savings, 2) heat

distribution, 3) cooling distribution, 4) humidity

control, 5) exterior design of house, 6) comfort level,

7) effort and time required in daily operation,

8) performance of mechanical components, 9) floor plan,

10) internal noise level, and 11) interior decorating

among the four categories of passive solar systems. There

was no significant (p < .05) difference in occupants'

overall satisfaction among the four categories of passive

solar systems.

There was a significant (p < .075) difference in

occupants' reported occurrence with three problems: 1)

high noise levels (p=.072), 2) inadequate weatherstripping

or caulking (p=.058), and 3) coverings for sloped windows

(p=.033) among the four categories of passive solar

systems. There was no difference (p < .075) in occupants'

reported occurrence of 1) excessive glare, 2) excessive

humidity, 3) condensation on windows, 4) extreme

temperature swings, 5) nonresiliency of floors, 6) not

warm enough, 7) excessive heat loss through aluminum

windows, 8) inadequate shading of deciduous trees,

9) manual use of movable window insulation, 10) inadequate

movement of heat, 11) high windows or other glass areas

cleaned, 12) fading of furniture, walls, or coverings,

13) lack of privacy, 14) excessive drafts, and 15) rooms

cool down too fast among the four categories of passive

solar systems. Occupants also did not differ (p < .075)



in their overall problem among the four categories of

passive solar systems.

The findings of this research will be of use and

interest to future consumers of passive solar houses and

housing professionals involved with passive solar energy.

Educators and researchers concerned with solar energy and

policy makers dealing with energy issues will also benefit

from the study.
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OCCUPANTS' SATISFACTION AND PROBLEMS AMONG FOUR

CATEGORIES OF PASSIVE SOLAR SYSTEMS

CHAPTER I

INTRODUCTION

Problem Statement

The use of solar energy will ease the reliance on

finite fossil fuel and provide an alternate source of

energy. It is clean, cheap, and relatively dependable.

Solar energy also has the additional advantage of being

available where it is used, free of costly distribution

systems and the effects of inflation. Solar energy can

solve some of the energy problems with which we are

confronted and help meet future energy needs (Oregon

Department of Energy, 1980).

Solar energy can be utilized to heat buildings by

active or passive techniques. The active solar technique

employs mechanical equipment to collect and transport

heat; whereas, in the passive solar technique, the thermal

energy is collected, stored, distributed, and regulated

with little or no mechanical means. A passive solar house

can be described as a housing unit which relies on natural

gravity or convection currents to transfer solar energy

into and within the house (Mazria, 1979). Three types of

passive solar systems are commonly in use today: south

facing window, sunspace, and Trombe wall. One passive
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solar system can be incorporated into the design of the

house or a combination of two or three systems.

The oil embargo of 1973 generated a widespread

interest in the development and use of solar energy.

Passive solar energy received much publicity during the

mid-seventies and became a viable alternative in dealing

with the energy crisis. The simplicity of the design

features, low installation cost and operational system of

passive solar houses has appealed to many homebuyers. The

passive solar house has evolved from the experimental

stage in the mid-seventies to a maturation in the

mid-eighties (MacMath, 1986).

There are well designed passive solar houses that

are proof of the refinement of design and technological

advancement in the industry. There also continue to be

problems associated with passive solar designs that need

to be remedied. Continued evaluation of occupants'

satisfaction with their passive solar houses and

identification of problems could result in wider adoption

of passive solar housing and better understanding of areas

where problems currently exist. Furthermore, when the

problems are identified research and development can help

to alleviate these constraints.

Purpose of the Study

The purpose of this study was to determine if

occupants' satisfaction and problems with their houses

differ by four categories of passive solar systems. The



3

four categories of passive solar systems under study are:

1) south facing window, 2) sunspace, 3) south facing

windoV + sunspace, 4) south facing window + sunspace +

Trombe wall. The findings of this study will be

beneficial to current and future occupants of passive

solar houses as to the performance of their passive solar

houses. It will also aid architects, builders, housing

officials and planners with design considerations for

these houses. It will be beneficial to industrialists

providing products and services to passive solar consumers

when considering product development and improvement.

Lastly, it will be useful to educators and researchers in

identifying areas of improvement and further the

development of passive solar houses.

Objectives

The objectives of this study are:

1. To determine if the occupants' satisfaction with

12 features of their houses differ by four categories of

passive solar systems.

2. To determine if the occupants' overall

satisfaction of their houses differ by four categories of

passive solar systems.

3. To assess if there are differences in occupants'

reported occurrence of 18 problems among four categories

of passive solar systems.

4. To assess if occupants' overall problem differ

among four categories of passive solar systems.
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Null Hypotheses

Hol: There is no difference among the four categories of

passive solar systems and occupants' satisfaction with 12

features of their houses:

a) Energy savings,

b) Heat distribution,

c) Cooling distribution,

d) Humidity control,

e) Exterior design of house,

f) Comfort level,

g) General maintenance requirements,

h) Effort and time required in daily operation,

i) Performance of mechanical components,

j) Floor plan,

k) Internal noise level, and

1) Interior decorating.

Ho2: There is no difference among the four categories of

passive solar systems and occupants' overall satisfaction

with features of their houses.

Ho3: There is no difference among the four categories of

passive solar systems and the reported occurrence of 18

problems faced by occupants in their houses:

a) Excessive glare,

b) Excessive humidity,

c) Condensation on windows,

d) Extreme temperature swings,

e) Nonresiliency of floors,
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f) High noise levels,

g) Not warm enough,

h) Inadequate weatherstripping or caulking,

i) Excessive heat loss through aluminum windows,

j) Coverings for sloped windows,

k) Inadequate shading by deciduous trees,

1) Manual use of movable window insulation,

m) Inadequate movement of heat,

n) High windows or other glass areas cleaned,

o) Fading of furniture, walls, or coverings,

p) Lack of privacy,

q) Excessive drafts, and

r) Rooms cool down too fast.

Ho4: There is no difference among the four categories of

passive solar systems and the overall problem faced by

occupants.

Limitations

1. The sample is limited to occupants of passive solar

houses in the state of Oregon who received and responded

to the questionnaire.

2. The houses which included the passive solar features in

the original design of the house were the only ones chosen

to represent the sample. Houses where passive solar

systems had been added to an existing residence were

excluded from the data base.

3. The large sample size limited the collection of data to

the mail survey technique.
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Assumptions

1. The information provided by the respondents is accurate

and complete.

2. There is no systematic bias in the occupants'

responses.

Definition of Terms

The following terms have been defined for use in this

study:

Direct gain method: The method by which the actual living

space is directly heated by sunlight. The living area is

used as a solar collector, heat storage and distribution

unit. The south facing window and sunspace systems employ

the direct gain method (Mazria, 1979).

Features of passive solar houses: "... a prominent part or

characteristic" (Webster's New Collegiate Dictionary,

1980: 416); for this study the features include energy

savings, heat distribution, cooling distribution, humidity

control, exterior design of house, comfort level, general

maintenance requirements, effort and time required in

daily operation, performance of mechanical components,

floor plan, internal noise level, and interior decorating.

Indirect pain method: "The method where sunlight first

strikes a thermal mass which is located between the sun

and the space. The sunlight absorbed by the mass is

converted to thermal energy and then transferred into the

living space" (Mazria, 1979: 43). Trombe walls utilize

this method of passive solar heating.
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Overall problem: The score for overall problem was the

summation of the total number of problems reported by each

respondent. The scores could range from a low of 0 (had

no problem) to a high of 18 (had all 18 problems).

Overall satisfaction: The degree of satisfaction of the

occupants' total contentment with their passive solar

houses. The score for overall satisfaction was the sum of

the scores indicated for each of the 12 features. The

score was then divided by the number of responses. Thus,

overall satisfaction could range from 1 (very satisfied)

to 4 (very dissatisfied). If respondents answered less

than 8 features they were excluded from this analysis.

Passive solar systems: Collection and transportation of

thermal energy by nonmechanical means-the energy flows in

the system by natural means such as radiation, conduction,

and natural convection (Mazria, 1979). Thermal energy can

be collected utilizing the direct gain or indirect gain

method. The three types of passive solar systems are

south facing window, sunspace, and Trombe wall. For this

study four categories were considered: 1) south facing

window, 2) sunspace, 3) south facing window + sunspace,

4) south facing window + sunspace + Trombe wall.

Post occupancy evaluation: Non instrumented data

collection by interviews, surveys, or observations from

occupants of buildings (Zimring & Reizenstein, 1981).

Problems: Undesirable situation or circumstance, and/or

inconvenience of a particular part of the passive solar



8

house as identified by the occupants; in this study the 18

problems include excessive glare, excessive humidity,

condensation on windows, extreme temperature swings,

nonresiliency of floors, high noise levels, not warm

enough, inadequate weatherstripping or caulking, excessive

heat loss through aluminum windows, coverings for sloped

windows, inadequate shading by deciduous trees, manual use

of movable window insulation, inadequate movement of heat,

high windows or other glass areas cleaned, fading of

furniture, walls, or coverings, lack of privacy, excessive

drafts, and rooms cool down too fast.

Satisfaction: The sense of contentment or pleasure derived

from living in passive solar houses. The tendency of

respondents to be generally content with their houses but

less satisfied with certain features has led to the

measurement of satisfaction with 12 features of their

house, a multidimensional assessment of satisfaction.

South facing window: The sunlight enters the living area

of a house through south-facing, double-glazed windows and

strikes a heavy building component, such as a concrete

floor slab or masonry wall. The building component stores

the solar heat and as the surrounding air cools, the heat

is slowly released to warm the room (Hawkweed Group,

1980).

Sunspace: A glazed space or room, sometimes called a

greenhouse, along the south wall of a building that traps

solar heat and transmits it to the inside of the house by
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convection currents or fans (Hawkweed Group, 1980).

Trombe wall: A south-facing wall of a building made of

thermal mass such as concrete, solid brick, concrete

block, or solid stone and covered on the exterior with two

or three layers of glazing. The thermal heat is trapped

in the air space between the wall and the glazing; and

vents located on the wall are opened during the day to let

heat in by convection currents (Hawkweed Group, 1980).
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CHAPTER II

REVIEW OF LITERATURE

Haggard, Cooper, and Hammer (1986) observed that

passive solar houses have come to a maturation in the

mid-eighties, and an increasing number of houses have

incorporated passive solar design. Post occupancy

evaluations of these houses will result in better

understanding the performance of passive solar systems and

the problems faced by the occupants. In this chapter,

post occupancy evaluation, passive solar housing, and the

theoretical framework will be discussed. The section on

passive solar housing includes a description of passive

solar households and their houses, passive solar systems,

passive solar housing satisfaction, description of

features and problems of solar houses, and post occupancy

evaluation of satisfaction with features and problems of

solar living. The theoretical framework summarizes the

variables reviewed.

Post Occupancy Evaluation

The idea that buildings should accommodate the needs

of the people who occupy them is not a new one but what is

relatively new is the practice of using systematic methods

to find out exactly what makes designed environments work

well for their users. Interviews, surveys, observations

and other methods are being used to explore users'

responses to a wide range of buildings and is known as
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post occupancy evaluation (Zimring & Reizenstein, 1981).

Post occupancy evaluations have two major goals:

immediate feedback for a given project and development of

information for future designs. These evaluations give

feedback to designers, builders, managers, and occupants

about how designs function in relation to users' needs and

suggest how buildings might be improved (Zimring &

Reizenstein, 1981).

Sommer (1969) conceptualized that post occupancy

evaluations are the logical way of evaluating prototypes

to identify problems or malfunctions. Once the problems

are identified, in subsequent examples of the prototype,

the features that posed problems can be altered. Sims

(1976) advocated that post occupancy evaluations should

preserve successful attributes. The evaluation should

identify features which are successful and valued so that

they can be replicated in the future.

The U.S. Department of Energy developed a program in

the late 1970s to evaluate passive solar performance in

residences. The Performance Monitoring and Evaluation

Program established three levels of monitoring: 1) Class

A, 2) Class B, and 3) Class C. The Class A evaluation is

done to examine heat transfer processes, develop and

validate algorithms, and analyze new materials and

component performance in full-scale facilities. This is

the highest level of data instrumentation and accuracy.

The Class B study is done to determine passive solar
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contribution to space-conditioning requirements. Sachs,

Hamilton, Clough, and Alward (1982) described Class B

evaluation as determining how well a system works and how

much energy savings can be attributed to the passive

features in a specific time frame. The Class C evaluation

is done to determine overall building thermal performance

and occupant satisfaction. The collection of Class C data

can be done by mail survey and does not require

instrumentation. Thus, a large data base can be provided

through a relatively simple and low cost data collection

method (Solar Energy Research Institute, 1986).

Passive Solar Housing

Description of Passive Solar Households and Their Houses

Households

The sociodemographic characteristics of the

respondents and their households are described in this

section. The characteristics described are age, gender,

education, household size, income, and tenure.

Age. Researchers of previous studies have found that

the occupants of passive solar houses are distributed over

a range of age groups. Katz (1983) found that the

respondents were well distributed over a wide range of age

groups and were not confined to young homeowners.

However, in the Class C national survey conducted by the

Solar Energy Research Institute (1986) in 1979-80, 80

percent of the occupants were 45 years of age or younger.

This could be because the homeowners were early adopters
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of passive solar technology and, as Rogers and Shoemaker

(1971) predicted, technological innovators tend to be

young and highly educated with high incomes and

occupational status.

Farhar-Pilgrim and Unseld (1982) concluded that age

is negatively related with environmental concerns, that

is, as age increases, environmental concern decreases. It

was their belief that younger people are more concerned

than older people about environment issues and, solar

energy being an environmental issue, younger people could

be expected to be more favorable toward it. Other

researchers reported that occupants of passive solar

houses were around 45 years of age or younger (Labay &

Kinnear, 1981; Reichelderfer, 1983; Zentner, 1983).

Gender. The majority of occupants were married

couples (McKown & Felter, 1983; Zentner, 1983). Adult

males and females were equally represented as occupants

(McKwon & Felter, 1983; Reichelderfer, 1983; Zentner,

1983).

Education. Passive solar respondents have been found

to be highly educated (Katz, 1983; Labay & Kinnear, 1981;

McKwon & Felter, 1983; Pickett, 1984; Reichelderfer, 1983;

Zentner, 1983). More than 77 percent were college

graduates with 56 percent of them having done post

graduate work or having a graduate degree (Solar Energy

Research Institute, 1986). Katz (1983) reported that the

education level of the majority of adult occupants was a
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four year college degree or beyond. This was in keeping

with prior expectations, that those who had access to

higher education were more open to innovative and

speculative technologies.

Farhar-Pilgrim and Unseld (1982) support these

predictions that owners of solar houses favor solar energy

because of their high educational level. The researchers

also found that knowledge about solar energy and

information seeking increase with education, as does

feeling informed enough to make decisions about solar

adoption.

Household size. The household generally consisted of

three people, a couple with one child (McKwon & Felter,

1983; Zentner, 1983) . Reichelderfer (1983) reported that

the maximum household size was four, but 40 percent of the

houses were occupied by couples. Children in these

households were of school going age, ranging from six to

14 (Reichelderfer, 1983; Zentner, 1983).

Income. Zentner (1983) found that the majority of

families were affluent, 25 percent had incomes over

$50,000 per year. Other researchers also reported the

annual family income of passive solar residents as being

high, $30,000 or more (Labay & Kinnear, 1981;

Reichelderfer, 1983; Sachs, 1982).

Tenure. The majority of the respondents were owners.

Only a small proportion of the occupants, usually less

than 15 percent, were renters (Katz, 1983; McKwon &
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Felter, 1983; Reichelderfer, 1983; Sachs, 1982; Zentner,

1983).

Houses

In this section, a description of the passive solar

houses is given. The profile includes the structure,

location and size of passive solar houses.

Structure. Virtually all of the houses,

approximately 97 percent, were single family detached

(Solar Energy Research Institute, 1986). The houses

described in this study were custom built two-story

dwellings, of wood frame construction, and had wood

exteriors. McLain-Kark (1987b) reported that half of the

houses in her sample were single family detached, some of

which were clustered in subdivisions.

Location. Case and DeJonge (1982) reported most

houses in their study were outside the city limits.

Brandt, Herron and Hogue (1984) reported that 63 percent

of the houses were located outside the city limits.

Size of houses. Katz (1983) reported that the

majority of the houses in his study had between 1500 and

3000 square feet of floor area, indicating a fairly

spacious living situation. Other researchers

(McLain-Kark, 1987b; Sachs, 1982; Whittier, Farrer &

Selinfreund, 1987) found that the average floor area of

houses in their studies were in the range of 1700 to 2100

square feet.
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Passive Solar Systems

Direct gain is the most common passive solar heating

method. This classification includes both south-facing

window systems and sunspace systems that are part of the

living space and not separated from the rest of the living

space by a storage wall. In a postoccupancy evaluation of

321 passive solar houses across the nation conducted by

the U.S. Department of Energy, three-quarters of the

houses had south facing window systems. The second most

prevalent system was the Trombe wall system. The south

facing window system performed closer to expectations than

the other systems (Solar Energy Research Institute, 1986).

In a study conducted by the New Mexico Solar Energy

Institute of 30 passive solar houses, 50 percent of the

homes had south facing window features only and another 30

percent had a south facing window system in combination

with either a sunspace or a Trombe wall system (Whittier

et al., 1987). South facing window was by far the most

prevalent passive system reported (Katz, 1983;

Reichelderfer, 1983; Takhar, 1987). However, many of the

houses employed combinations of systems (Katz, 1983).

Hartman (1986) observed that one third of the sample

in his study had south facing window systems and another

one third had Trombe walls. He also found that the south

facing window system performed well and was less costly to

construct than the other passive solar systems.

MacMath (1986) reported that during the experimental
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stage of solar heating, the direct gain method, such as

south facing window, was popular and practical. But,

recent data from monitored systems indicate that the

indirect gain method, such as Trombe wall, has shown

better performance, especially when used with a surface

that has a high load collection ratio. Besides improved

solar performance, the Trombe wall system also allows the

occupant more freedom in selecting interior finishes,

especially for the floor and room arrangement.

Housing Satisfaction

Housing satisfaction is defined as a subjective

evaluation of the degree to which housing needs are met

(Brophy, 1959). The area of housing satisfaction as a

research area has evolved in the recent past (Kaynak &

Stevenson, 1982). Since it is in an early stage of

development, research on the concept of satisfaction tends

to be highly diverse and there is no general agreement on

the appropriate measures to be used in operationalizing

them (Hunt & Day, 1980). Brink and Johnson (1979) viewed

housing satisfaction as a continuous subjective individual

response to housing need gratification, because the

consumer is constantly engaged in evaluations, housing

aspirations, and comparing present and past housing

experiences. According to Fisk and Coney (1982),

satisfaction is related to the disconfirmation of

expectation regarding the object being evaluated.

Anderson and Hair (1972) pointed out that an
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individual's satisfaction results from expectations which

are matched or exceeded by perceived product performance.

Dissatisfaction occurs if there is disparity between

expectations and product performance. Furthermore,

Anderson and Jolson (1973) stated that dissatisfaction can

result if the expectations and standards of individuals

rise. It is difficult to predict the expectations of an

individual as they are infinitely elastic.

Morris and Winter (1978, p. 80 ) defined housing

satisfaction as " ... a state of the level of contentment

with current housing conditions. Low levels of

satisfaction are experienced as stress. The term may

refer to the entire contingency of satisfaction from very

dissatisfied to very satisfied. Thus, the level of

satisfaction is inferred in addition to the idea of the

state of being satisfied." Maddox (1980) theorized that

satisfaction and dissatisfaction are separate from one

another and that with one stimulus a person can be both

satisfied with one aspect of the stimulus and dissatisfied

with another aspect.

Overall Housing Satisfaction

Hovland, Harvey, and Sherif (cited in Morris &

Winter, 1978) observed that occupants experience overall

satisfaction with their houses when they initially occupy

them. After the occupants have continued to live in the

house, they start to evaluate the house against the

expected performance and may experience dissatisfaction.
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In the literature reviewed, two types of overall

passive solar housing satisfaction were mentioned. The

first type was the exterior of the house and the second

was the interior. The exterior includes the view of the

external spaces as well as the thermal conditions. Davis

and Davis (1979) reported that occupants of passive solar

houses had an increased awareness of the elements of

nature and the seasons and this provided them with a sense

of joy and happiness. Balcomb (1980) pointed out that

living in a passive solar house makes one aware of the

weather, the intensity of the sun, and the changing

seasons. It also offers the occupants a new kind of

comfort and freedom. Osterberg (1985) supported this

sentiment when he said that occupants of passive solar

houses have a closer relationship with nature and the

positive psychological effect this has on occupants should

not be underestimated or overlooked. McLain-Kark (1987b)

reported that 50 percent of the respondents cited that

sunlight or view was the most positive feature of their

houses, over energy savings or economics.

According to Holland (1982), living in passive solar

houses has brought lifestyle changes to 75 percent of the

homeowners. Almost all the respondents noted their

reactions to the changes as either positive or neutral and

these changes were cited as a more cheery comfortable

environment and more awareness of nature and daily

weather. Respondents in Zentner's (1983) study concurred
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with the positive feeling towards the aspects of natural

sunlight and warmth. The majority of the respondents were

satisfied with the general interior and exterior of their

passive solar houses. Case (1983) found that the

residents of passive solar houses incorporating a

greenhouse were pleased with the intermediate living zone

between the inside and the outside that the greenhouse

provided. The residents also had a heightened awareness

of nature through the gardening activities in the

greenhouse.

Longmore and Ne'eman's study (cited in Heerwagen &

Heerwagen, 1983) suggest that view contributes to

environmental satisfaction more than provision of daylight

and sunshine. The number of windows and the window sizes

are predicted to be important features that need to be

considered when designing passive solar houses. Lam

(1983) developed design strategies for windows to

emphasize the positive effect of light, view, and physical

warmth that can be enjoyed by the occupants. Ingram

(1982) cited residents' satisfaction with the greenhouse

areas in a passive solar elderly shared house. The

residents found the greenhouse the most pleasant space and

liked the light and warmth of the sun. Werle (1982)

reported senior citizens living in solar houses were

satisfied with their atrium and the opportunity to raise

plants.

Previous research results indicate that the majority
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of the respondents had positive overall satisfaction

levels with living in passive solar houses. The Class C

homeowners were very satisfied (89%) with their passive

solar houses and the rest were satisfied. No one

expressed dissatisfaction with their houses. This high

degree of satisfaction may be associated with having

agreed to participate in the survey and/or attributed in

part to the pride to being innovative homeowners (Solar

Energy Research Institute, 1986).

Zentner (1983) reported a similar trend for overall

satisfaction, 97 percent of the respondents were very

satisfied or satisfied. No real dissatisfaction was

indicated by the respondents. Reichelderfer (1983) found

that 80 percent of the occupants had a positive initial

reaction to their houses. Katz (1983) reported 67 percent

of the homeowners indicated overall satisfaction with

their houses.

Features of Passive Solar Houses

Description of Features of Passive Solar Houses

Energy savings. Passive solar systems allow for

large savings of energy for heating. Energy savings are

achieved by lowering fuel costs, using renewable energy

sources and conserving natural resources,-and by

protecting against fuel shortages (Holland, 1982).

Heat distribution. Interior temperatures of passive

solar houses are low on cloudy days due to the absence of

sunlight. If the movement of air in the house is
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inadequate, the distribution of heat throughout the house

is affected. A backup heating system can provide heat on

cloudy or extremely cold days (Mazria, 1979).

Cooling distribution. Cooling in passive solar

houses can be accomplished by use of wind and shading.

Earth-integrated walls also help in keeping the houses

cool in the summer and warm in the winter. Further

cooling can be achieved through proper ventilation.

Operating windows can be opened to bring in fresh air,

with high vents or windows removing heated air from the

house. Vents that remove heated air should be high and on

the opposite side of the house from the inlet windows

(Hawkeed Group, 1980).

Humidity control. Relative humidity is an important

climatic variable with regard to comfort. Boundaries of

the comfort zone are approximately between 25 and 80

percent. Moisture evaporating from peoples' skin and

through plant transpiration can provide cooling comfort,

while high relative humidity can create discomfort by

retarding evaporation, which can lead to overheating. The

higher the relative humidity, particularly in summer, the

more important it is to ventilate spaces (Montgomery,

1987).

Exterior design of house. Some of the distinguishing

features of passive solar houses are proper orientation,

south facing windows, thermal storage, and thermal control

elements. The exterior design of the house usually
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reflects these features (Haggard et al., 1986).

Comfort level. Thermal comfort is defined as that

condition of mind which expresses satisfaction with the

thermal environment (American Society of Heating,

Refrigerating and Air-Conditioning Engineers, 1981). The

comfort zone for the summer is between 73°F and 79°F, but

with the use of ceiling fans the temperature can be

extended to 85°F. During the winter, the comfort zone

lies between 68°F and 75°F (Rohles, 1987).

General maintenance requirements. Maintenance chores

help to keep the house clean and orderly and prevent

excessive wear and depreciation such as checking the roof,

cleaning the gutters of leaves and litter, checking roof

joints for moisture, taking down or putting up storm

windows or screens, and yard maintenance. Maintenance

jobs also include regular checks of all operating

equipment to prevent expensive replacements often needed

if minor repairs are neglected (Morton, Geuther, &

Guthrie, 1970).

Effort and time required in daily oneration. Tasks

have to be performed in passive solar houses for their

daily operation. If thermal shutters are used, they have

to be opened in the morning to let the sun in and closed

in the night. If Trombe walls with hand-operated vents

are used, then the vents have to be opened in the mornings

to draw the heated air into the house and closed again in

the night. Sunspaces also require the opening and closing



24

of shutters and vents. The exact time and effort needed

depends upon the design of the house and the types of

systems being utilized (Hawkeed Group, 1980).

Performance of mechanical components. Fans, vents

and other mechanical components can be an important part

of passive solar houses (Solar Energy Research Institute,

1986). The performance of these mechanical components

depends on their proper installation, usage, and

maintenance.

Floor plan. Floor plans of passive solar houses will

depend on the location of the site and the requirements of

the occupants. To get sunshine into the houses long

east-west plans are advantageous. Relationships between

rooms must be analyzed for both climate response and the

needs and preferences of the occupants. Kitchens facing

the east let in the morning sun. Bedrooms can be on the

west but windows must be avoided on that side. Rooms can

open to the south and have windows on the south and east

side. Overhangs on the south will protect those rooms

from the high summer sun (Hawkeed Group, 1980).

Internal noise level. The sound level in passive

solar houses is increased due to the abundance of hard

surfaces, such as wood and metal that reflect sound,

thermal mass floors, and large expanses of glazing. Open

floor plans also increase the interior noise level

(Guerin, Friedly & Kovac, 1986).

Interior decorating. The interior decoration of
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passive solar houses may be constrained because masonary

floors have to be of dark colors and interior surfaces

painted light colors. Masonary floors cannot be covered

by wall-to-wall carpeting, thus only small scatter or area

rugs can be used on these floors (Mazria, 1979).

Post occupancy Evaluation of Satisfaction with Features

of Passive Solar Houses

Satisfaction is a very specific phenomenon and an

individual's satisfaction/dissatisfaction with one feature

or product does not extend to all features or products

(Pfaff, 1976). It is possible to be dissatisfied with

specific features, yet generally satisfied with the whole

(Brink & Johnson, 1979; Hartman, 1967; Morris & Winter,

1978; Taneja, 1968). It can be said that occupants'

feelings of overall satisfaction do not reflect

dissatisfaction with certain features. Although the

majority of respondents in previous studies stated

positive overall satisfaction, there were variations in

their satisfaction levels with specific features of their

houses.

Energy savings. The majority of respondents (78%)

were very satisfied with energy savings and 21 percent

were somewhat satisfied (Solar Energy Research Institute,

1986). Other researchers have pointed out similar

respondent satisfaction with energy savings in passive

solar houses (Appleyard, 1983; Katz, 1983; Reichelderfer,

1983; Zentner, 1983). McLain-Kark (1987b) reported that
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29 percent of the respondents felt energy savings was the

most positive feature of their houses.

Heat distribution. Case (1983) reported that the

heat distribution in passive solar houses was adequate.

Respondents felt their second floor rooms were as

comfortably heated as their first floor rooms. More than

half of the respondents, 58 percent, were very satisfied

with the heat distribution of their houses and 39 percent

were somewhat satisfied (Solar Energy Research Institute,

1986).

Cooling distribution. Most respondents stated that

with proper insulation the house remained cool and

comfortable, even in the summer (Appleyard, 1983; Balcomb,

1980). However, only 38 percent of the homeowners were

very satisfied with the cooling distribution of their

houses (Solar Energy Research Institute, 1986).

Humidity control. In a national survey of passive

solar houses, only 35 percent of the homeowners were very

satisfied with the humidity control (Solar Energy Research

Institute, 1986). Zentner (1983) reported that

respondents in her study did not have any problem with

excessive humidity.

Exterior design of house. MacMath (1986) pointed out

that the exterior design of passive solar houses has

undergone significant change during the last decade. In

the seventies, the design of the houses was dictated by

solar features, like large windows and glass, but in the
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eighties, better design solutions have provided houses

with more diverse and unique options. Most (79%)

respondents were very satisfied with the exterior of their

passive solar houses (Solar Energy Research Institute,

1986).

Comfort level. The majority of the respondents (71%)

were very satisfied with the comfort level of their

passive solar houses (Solar Energy Research Institute,

1986). Although the respondents in Appleyard's (1983)

study were satisfied with the comfort level, they found

the tiled floors in the bedrooms too cool to walk on

barefooted.

General maintenance requirements. Respondents in

Case's (1983) study reported dissatisfaction with the

auxiliary heating system, especially wood stoves. The

mess caused by burning wood, removing ashes, cleaning the

stove and the chimney flue were disliked by respondents.

However, 71 percent of the respondents were very satisfied

with the general maintenance requirements of their houses

(Solar Energy Research Institute, 1986).

Effort and time required in daily operation. Almost

three- quarters of the respondents were very satisfied

with the time and effort required in daily operation

(Solar Energy Research Institute, 1986). Balcomb (1980)

found that less time and effort was required to maintain a

passive solar house than a conventional house. But

Reichelderfer (1983) pointed out that occupants were
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hampered from performing the daily operation at the proper

time especially when both occupants work outside the

house.

Performance of mechanical components. Over half of

the homeowners (54%) were very satisfied with the

performance of the mechanical components of their passive

solar houses (Solar Energy Research Institute, 1986).

However, the respondents felt the mechanical components

did not perform as well as they expected.

Floor plan. The majority of the respondents, 85

percent were very satisfied with the floor plan of their

houses (Solar Energy Research Institute, 1986). Case

(1983) reported that the open floor plans of the passive

solar houses in his study did not cause any conflict among

family members carrying on their communal activities. The

participants in McLain-Kark's (1987b) study were satisfied

with the spaciousness and openness of the floor plan.

Internal noise level. McLain-Kark (1987b) recognized

the acoustical problem associated with open plans and hard

surfaces when designing passive solar houses. Pickett

(1984) observed that occupants of passive solar houses

were dissatisfied with the acoustics in their houses.

Guerin et al. (1986) identified the problem of acoustics

in passive solar houses and suggested the use of

absorbment materials to reduce the noise levels.

Interior decorating. More than than half (60%) of

the respondents in McLain-Kark's (1987a) study indicated
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that they had difficulty arranging furniture in the living

room. Dissatisfaction was reported because south facing

walls restricted furniture placement and thermal mass

could not be integrated with the interior design.

Problems with Passive Solar Houses

Description of Problems

Excessive glare. Passive solar houses incorporating

direct gain method have large areas of south facing glass

that give rise to excessive glare (Mazria, 1979). The

current practice of using less south facing glass would be

less likely to cause glare as researchers have found that

less south facing glass is needed for thermal comfort.

Excessive humidity. Relative humidity increases if

spaces in passive solar houses are not ventilated.

Moisture from bathrooms, kitchens, and laundry areas

increase the atmospheric humidity. Excessive humidity can

be reduced by the use of dehumidifiers or conventional air

circulating systems (Pickett, 1984).

Condensation on windows. Passive houses often have

open floor plans to aid the circulation of air and are

tightly insulated to reduce heat loss. The high humidity

from the kitchen and the bathroom can spread throughout

the house and condense on windows or other cool surfaces

(Rawlings, 1982).

Extreme temperature swings. As passive solar heated

buildings are coupled with radiative and convective

thermal environments through south facing glazing, they
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can have large internal temperature differentials. The

south portion of the building can be either warmer or

cooler than the north portion of the building, which will

create natural convection inside the building

(Kirkpatrick, Hill, & Stokes, 1986).

Nonresiliencv of floors. Passive solar houses

utilize hard floor surfaces, such as tiles or thermal

mass, to collect heat. These floors are not resilient and

cannot be covered by wall-to-wall carpeting (McLain-Kark,

1987b).

High noise levels. The hard surfaces, such as wood,

open floor plans, and thermal mass, used in passive solar

design cause high noise levels. The glazing used on the

windows also increase the noise levels in the passive

solar houses (Guerin et al., 1986).

Not warm enough. Passive solar houses may not be

warm enough if there is insufficient thermal mass to store

heat. Also, if the movement of heat is not adequate, some

areas of the house will remain cooler than the other areas

(Solar Energy Research Institute, 1986).

Inadequate weatherstripping or caulking. To make a

passive solar house thermally efficient there has to be

adequate weatherstripping and caulking around the exterior

windows and doors. Caulking makes an air tight and vapor

proof seal between two materials, adheres to a moving

joint, and withstands weathering and ultraviolet

degradation, and extreme temperature variation (Kohler,



31

Temple, & Sullivan, 1979).

Excessive heat loss through aluminum windows. The

type of frame used for windows in passive solar houses is

important. A double glazed metal frame window transmits

more heat than a wooden framed opening (Mazria, 1979).

Coverings for sloped windows. Sloped windows can be

used in the sunspace system, and to prevent overheating in

the summer, it is essential to partially shade the windows

(Mazria, 1979). Finding, purchasing, and operating

coverings for sloped windows and openings can prove to be

difficult because of the unusual shape or size and

location.

Inadequate shading by deciduous trees. Plants are

nature's passive cooling device. A major landscaping

technique as a passive solar strategy is vegetative

shading. For solar efficiency, the trees should be kept

out of the solar access zone. The reason to keep even

deciduous trees out of the solar access zone is because of

the density of the twigs, branches, and trunks, which

typically block from 30 to 60 percent of available

sunlight. If there are existing evergreen trees, the

understory can be pruned to allow winter sun to penetrate

unobstructed, while the tree canopy provides shade from

the higher altitude summer sun (Montgomery, 1987).

Manual use of movable window insulation. Windows and

glass areas in direct gain and sunspace systems lose heat

to the outside, and hence, insulating shutters or
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draperies are mandatory. Trombe walls function better if

protected by movable insulation. These window insulations

are sometimes manually operated (Howard, 1984).

Inadequate movement of heat. In passive solar houses

the thermal energy is transferred from one part of the

building to another part by natural convection. The

natural convection path or loop in a building usually

involves flow from a heated room through a doorway to a

remote room, then back to the heated room through either

the same doorway or a different one (Kirkpatrick et al.,

1986). If doorways are not placed correctly there may be

inadequate movement of heat within the house.

High windows or other glass areas cleaned. South

facing windows are an important feature of passive solar

design (Mazria, 1979). The large window areas in south

facing window and sunspace systems can be placed high on

the walls making cleaning difficult.

Fading of furniture, walls, or coverings. Textile,

wood, and plastic products are subject to color change and

degradation when exposed to direct or indirect daylight.

Textiles especially pose a difficult problem for occupants

of passive solar houses. Deterioration in upholstery

textiles comes from exposure to ultra-violet, visible, or

infrared radiation. Although glass used in passive solar

houses absorbs most of the ultra-violet rays, even the

small amount passing through can damage textiles. Most

fabrics are subject to damage from light, but the rate and
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amount of deterioration vary according to the textile's

fiber content, yarn and fabric construction, finish, and

dye methods (Butler & Guerin, 1986). Wood and the wood

finishes on furniture are also affected by sunlight and

the humidity from the atmosphere (Guerin, 1983).

Lack of privacy. Passive solar houses with south

facing windows can lack privacy. Although thermal

shutters are used sometimes during the day, to adjust the

direct glare of the sun, and in the night, for most of the

day the shutters or insulative covers must be open to

collect solar energy resulting in less privacy for the

occupants (Hawkeed Group, 1980).

Excessive drafts. Currents of air in closed-in

spaces can cause drafts. Excessive drafts can be

prevented in passive solar houses by having movement of

air within the house (Mazria, 1979).

Rooms cool down too fast. The thermal mass utilized

in passive design collects and stores heat during the day

and releases it during the night. Too little storage can

result in the rooms cooling down too fast. Subsequently,

at nights the house will be cold and uncomfortable (Oregon

Department of Energy, 1980).

Post Occupancy Evaluation of Problems with Passive Solar

Houses

Excessive glare. More than one-quarter of the

respondents reported the problem of glare in their houses

(Solar Energy Research Institute, 1986). Although some
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earlier studies have suggested problems with glare, the

majority of homeowners had not considered this a problem

(Appleyard, 1983; McLain-Kark, 1987a). This could be

related to the state of art of passive solar design.

Researchers have found that less glazing is needed than

what was earlier thought necessary to create a thermally

comfortable house.

Excessive humidity. Pickett (1984) reported that 71

percent of the respondents had to use mechanical

dehumidifiers during most of the year, in basements,

windowless rooms, kitchens, bathrooms, and laundry areas.

The respondents were not pleased with the venting in

kitchens, bathrooms, and laundry areas.

Condensation on windows. More than 30 percent of the

respondents had problems with condensation on windows

(Katz, 1983; Solar Energy Research Institute, 1986). This

may have been caused by construction problems, climate, or

poor design. Zentner (1983) reported that little or no

condensation problems were evident.

Extreme temperature swings. Case (1983) pointed out

that the respondents faced a challenging routine to adjust

the heat swings in their houses. The wood stove, which

was the auxiliary heating system, had to be mastered to

get the right temperature. The most difficult time for

controlling heat swings was between seasons. Broader

external temperature swings and greater solar access led

to overheating during the day. This created a problem for
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some residents.

The average annual temperature swing for all 30

houses that Whittier et al. (1987) studied was MDF with a

range of 2-18°F. Homes with large direct gain designs

tended to have greater temperature swings than the massive

or indirect design homes. However, large indoor

temperature swings did not bother most people and several

people were happy to enter a warmed-up home in the late

afternoon.

Nonresiliency of floors. Appleyard (1983) reported

that respondents did not like the use of floors labs for

thermal mass. Most of them were used to carpeted floors

and preferred carpeting to hard floors.

Not warm enough. Respondents were unhappy about

houses not being warm enough (Solar Energy Research

Institute, 1986; Zentner, 1983). Some parts of houses were

extremely cold in the winter and too hot in the summer.

This may reflect occupants' disappointment with the

performance of the system, but this discontent is

complicated by the fact that they may have unrealistic

expectations (Solar Energy Research Institute, 1986).

Inadequate weatherstripping or caulking. Katz (1983)

reported that 30 percent of the respondents had problems

with inadequate caulking. Homeowners (20%) reported

similar problems with their homes in a national survey

(Solar Energy Research Institute, 1986).

Coverings for sloped Mindows. Occupants considered
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that finding coverings for sloped windows was a problem

(Inoue, 1985; Katz, 1983; Solar Energy Research Institute,

1986). This was more of a problem in houses which

incorporated south facing window or sunspace systems.

Manual use of movable window insulation. The manual

operation of window insulators was considered a problem by

dual-career households. The inability to adjust the

insulators after leaving home for work reduced the

efficiency of the system. The substitution of automatic

devices in place of manual systems has overcome this

problem (Case, 1983; Reichelderfer, 1983; Zentner, 1983).

Inadequate movement of heat. Zentner (1983) reported

that respondents were displeased with the temperature

difference in various parts of the house. The heat from

the south side did not circulate to the north part of the

house (Rawlings, 1982; Zentner, 1983).

High windows or other glass areas cleaned.

Homeowners (40%) considered cleaning windows or glass

areas a problem (Solar Energy Research Institute, 1986).

Case (1983) reported that respondents felt cleaning the

windows did not require much effort.

Fading of furniture. walls. or coverings. Some of

the respondents stated that fading of furniture or

coverings was a problem, especially in houses employing

south facing window system (Appleyard, 1983). Katz (1983)

reported that 30 percent of the occupants faced the

problem of fading of furniture or walls in their houses.
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Theoretical Framework

In this study, the occupants' satisfaction with

features of their houses and the reported occurrence of

problems are being analyzed by four categories of passive

solar systems. The theoretical framework will constitute

the satisfaction/dissatisfaction continuum conceptualized

by previous researchers. The framework will also identify

the problems faced by occupants of passive solar houses.

Hypothesized Model

The model to test the differences in occupants'

satisfaction and problems among the four categories of

passive solar systems was created by the researcher

(Figure 1). In this study, the possible differences

between the independent variable, passive solar systems,

and the dependent variables: occupants' satisfaction with

12 features, overall satisfaction, reported occurrence of

18 problems, and overall problem, have been examined.

Several researchers have reported that passive solar

residents had positive overall satisfaction (Katz, 1983;

Reichelderfer, 1983; Solar Energy Research Institute,

1986; Zentner, 1983). They have also reported that

respondents were very satisfied with some features of

their houses, such as energy savings, open floor plans,

and exterior design of the house (Appleyard, 1983; Case,

1983; Katz, 1983; McLain-Kark, 1987b; Reichelderfer, 1983;

Solar Energy Research Institute, 1986; Zentner, 1983).

In this study, the differences among the four



Figure 1. Hypothesised Model of Variables Under study
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8. Effort and time required
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1. Excessive glare
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3. Condensation on windows
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6. High noise levels
7. Not wars enough
8. Inadequate caulking or
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9. Excessive heat loss

through aluminum windows
10. Coverings for sloped

windows
11. Inadequate shading by

deciduous trees
12. Manual use of movable

window insulation
13. Inadequate movement of

heat
14. High windows or glass

areas cleaned
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walls, or coverings
16. Lack of privacy
17. Excessive drafts
18. Rooms cool down too fast
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categories of passive solar systems: south facing window,

sunspace, south facing window + sunspace, south facing

window + sunspace + Trombe wall, and the occupants'

satisfaction with 12 features of their houses have been

examined. The 12 features of the house include energy

savings, heat distribution, cooling distribution, humidity

control, exterior design of house, comfort level, general

maintenance requirements, effort and time required in

daily operation, performance of mechanical components,

floor plan, internal noise level, and interior decorating.

The overall satisfaction of the occupants has also been

analyzed among the four categories of passive solar

systems.

Problems with passive solar houses have been

identified by previous researchers. The most common

problems were keeping windows clean, condensation on

windows, excessive glare, fading of furniture, walls, or

coverings, and excessive humidity (Appleyard, 1983;

Balcomb, 1980; Case, 1983; Katz, 1983; Pickett, 1984;

Rawlings, 1982; Solar Energy Research Institute, 1986;

Zentner, 1983). Inoue (1985) found significant differences

in the occurrence of problems between sunspaces and the

non-sunspaces. The problems were coverings for sloped

windows, excessive glare, and excessive humidity.

Occupants of houses in which sunspaces were designed had

more of these problems than did the non-sunspace group.

In this study, the differences among the four
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categories of passive solar systems and the reported

occurrence of 18 problems in solar houses have been

analyzed. The 18 problems are excessive glare, excessive

humidity, condensation on windows, extreme temperature

swings, nonresiliency of floors, high noise levels, not

warm enough, inadequate weatherstripping or caulking,

excessive heat loss through aluminum windows, coverings

for sloped windows, inadequate shading by deciduous trees,

manual use of movable window insulation, inadequate

movement of heat, high windows or glass areas cleaned,

fading of furniture, coverings, or walls, lack of privacy,

excessive drafts, and rooms cool down too fast. The

differences among the four categories of passive solar

systems and the overall problem have also been examined.
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CHAPTER III

METHODOLOGY

Research Design

The purpose of this study was to determine if

occupants' satisfaction and problems with their houses

differ by the four categories of passive solar systems.

The data for this analysis were collected in a mail

survey, Passive Solar Homes in Oregon, in April and May

1986 by questionnaires. Jeanette A. Brandt, Ph. D.,

Associate Professor, Oregon State University was the

principal investigator. The research was funded by the

Oregon State University Research Council. The description

of the questionnaire, sample selection, data collection,

treatment of the data, and the statistical analyses are

discussed in this chapter.

Description of the Ouestionnaire

The 1986 questionnaire was a modified version of the

1982 questionnaire, as the study was being replicated.

Three architects specializing in passive solar houses, two

Oregon State University Cooperative Energy Extension

Agents, and faculty of Oregon State University Survey

Research Center had assisted in the development and

refinement of the 1982 questionnaire.

The eight page 1986 questionnaire (Appendix A)

included questions on types of systems, sources of

information, factors influencing decisions to include
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passive solar features, energy costs, satisfaction with

features of passive solar houses, problems with solar

living, components requiring manual operation, description

of the houses, and socio-demographic information of the

respondents. Most items on the questionnaire were

closed-ended responses except for some that were

open-ended.

Sample Selection

The purposive sample was drawn from a list of

applicants for residential passive solar tax credits from

1975 to 1986 for newly constructed houses, obtained from

the Oregon Department of Energy. Of the 403

questionnaires mailed in 1986, 306 usable questionnaires

were returned, an overall sampling rate of 76 percent.

The sample for this study included 273 houses which had

one of the passive solar systems under study: 1) south

facing window, 2) sunspace, 3) south facing window +

sunspace, 4) south facing window + sunspace + Trombe wall.

Data Collection

The data were collected by utilizing a modification

of the Dillman (1978) method. The questionnaires were

mailed on April 15, 1986. An introductory letter

(Appendix B) stressing the importance of the respondent's

participation and a return envelope were included with the

questionnaire. A week later, a preprinted postcard

(Appendix C) was mailed thanking those who had returned

the questionnaire and providing a friendly reminder to
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those who had not. The second follow-up which consisted

of a letter (Appendix D) second copy of the questionnaire,

and a return envelope were mailed on May 7, 1986.

Treatment of the Data

Sample

There are three passive solar systems: 1) south

facing window, 2) sunspace, and 3) Trombe wall, which can

be used singly or in combination in a house. In the 1986

data base (N = 306) houses had 7 passive solar system

configurations: 1) south facing window (n = 62, 20.3%), 2)

Trombe wall (n = 2, 0.7%), 3) sunspace (n = 39, 12.7%), 4)

south facing window + Trombe wall (n = 18, 5.9%), 5) south

facing window + sunspace (n = 133, 43.5%), 6) Trombe wall

+ sunspace (n = 10, 3.3%), 7) south facing window +

sunspace + Trombe wall (n = 39, 12.7%), and no response

(n = 3, 1.0%).

Only 4 configurations were chosen for this study:

1) south facing window, 2) sunspace, 3) south facing

window + sunspace, and 4) south facing window + sunspace +

Trombe wall. The three configurations excluded for this

study were: 1) Trombe wall, 2) south facing window +

Trombe wall, and 3) Trombe wall + sunspace as their cell

sizes were small and the Chi-square test was not a valid

test.

Variables Under Study

The measurement of the independent variable,

categories of passive solar systems, included: 1)south



44

facing window, 2) sunspace, 3) south facing window +

sunspace, and 4) south facing window + sunspace + Trombe

wall. These systems had been incorporated into the

original design of the house (Question 3; a-c on the

questionnaire).

The first dependent variable, satisfaction with 12

features of passive solar houses, was measured on a 4

point Likert scale. Respondents marked 'Very Satisfied

(1)' to 'Very Dissatisfied (4)' for each of the 12

features (Question 11; a-1 on the questionnaire).

The second dependent variable, overall satisfaction,

was the sum of the scores for satisfaction with each of

the 12 features. The mean score was arrived at by summing

the scores of the questions responded to and dividing by

the number of responses. The scores could range from 1

(very satisfied) to 4 (very dissatisfied). Respondents

who did not answer at least two-thirds (8) of the 12

questions were excluded for this variable.

The third dependent variable, reported occurrence of

18 problems in passive solar houses, was whether or not

the occupants had the problem (Yes) or did not have the

problem (No) (Question 13a, a-r on the questionnaire).

The fourth dependent variable, overall problem, was

the sum of the total number of problems that the occupants

had experienced in their houses. A 'Yes' answer was

summed to arrive at a score that could range from a low of

0 (had no problem) to a high of 18 (had all 18 problems).
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Statistical Analyses

For the analysis, the data were coded on op-scan

sheets and converted to floppy diskettes. Statistical

analyses were computed using the Statistical Package for

the Social Sciences for Personal Computer (Norusis, 1986).

Statistical techniques used in this study included

frequency distributions, Chi-square contingency tables,

and one-way analysis of variance.

Procedure for Describing Respondents, their Houses and the

Variables Under Study

Description of the respondents was done by age,

gender, education, household size, income, and tenure.

Frequency distributions were utilized to describe the

houses by acreage, location, structure, and size. The

independent variable, passive solar systems, and the

dependent variables satisfaction with 12 features of

passive solar houses, overall satisfaction with passive

solar houses, reported occurrence of 18 problems in

passive solar houses, and overall problem were also

described.

Procedure for Testing the Null Hypotheses

Two inferential statistical tests were used in the

analysis: Chi-square test and one-way analysis of

variance. A confidence level of p < .05 was chosen by the

researcher as the criterion for rejection of Hol and Hot,

indicating that the probability of obtaining these

differences by chance is less than or equal to five
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percent. However, the confidence level of p < .075 was

chosen as the rejection level for Ho3 and Ho4. Although

the .075 confidence level means that more responses could

occur by chance, it was chosen as the researcher felt it

was important to identify the problems encountered by the

occupants of passive solar houses.

For testing Hol, the Chi-square test was utilized to

determine if the occupants' satisfaction with each of the

12 features of their houses differed among the four

categories of passive solar systems. The Chi-square test

was used to determine if there was a difference in the

observed and expected frequency of responses. One-way

analysis of variance was used to test Ho2, to determine if

occupants' overall satisfaction with their houses differed

among the four categories of passive solar systems. The

null hypothesis, Ho3, was tested by utilizing the

Chi-square test to determine if the reported occurrence of

problems differed among the four categories of passive

solar systems. For testing Ho4, one-way analysis of

variance was used to determine if the overall problem

differed among the four categories of passive solar

systems.
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CHAPTER IV

FINDINGS AND DISCUSSION

The sample profile includes a description of the

respondents and of the houses. Null hypotheses findings

are then reported and discussed.

Sample Profile

The respondents are described by six sociodemographic

characteristics. These six characteristics are age,

gender, education, household size, income, and tenure.

The description of the houses include acreage, structure,

location, and the size. The independent and dependent

variables under study are also described.

Description of Respondents

Age

The mean age of the respondents was 45 years and the

median age was 42 years. The age of the respondents

ranged from 27 through 77 years (see Table 1).

Gender

The majority of the respondents (74.4%) were male.

Female respondents made up 25.3% of the sample (see Table

2) .

Education

The mean and the median education level of the

respondents was a four year college degree. Almost half

of the respondents (46.8%) had done some graduate work or

had a graduate degree (see Table 3).
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Table 1
Age of Respondents

Age Frequency Percent

27 - 29 yrs 13 4.8
30 - 39 yrs 105 38.6
40 - 49 yrs 62 22.7
50 - 59 yrs 46 16.8
60 - 69 yrs 37 13.4
70 - 79 yrs 8 3.0
No response 2 .7

Total 273 100.0

Table 2
Gender of Respondents

Sex Frequency Percent

Male 203 74.4
Female 69 25.3
No response 1 .4

Total 273 100.1*

* Percentage does not equal 100.0 due to rounding.



49

Household Size

The mean household size was 2.9; median household

size was three. Almost half of the households (48.7%) had

one or two persons living in the house and 41.7 percent of

the households had three or four (see Table 4).

Income

The median income was in the category of $ 40,000

through $ 49,999. However, the modal (25.3%) income was

in the category of $ 30,000 through $ 39,999, as shown in

Table 5.

Tenure

The majority of the respondents (97.8%) owned their

houses. Only two of the respondents (0.7%) were renters

(see Table 6).

Description of Houses

Acreage

The median acreage of the houses was in the category

of one to two acres. The acreage categories on which

houses were most often built were more than five acres of

land (34.8%) and less than one-half acre of land (34.1%),

as shown in Table 7.

Structure

Almost all the houses (97.4%) were single family

detached houses. A very small percentage (1.8%) of the

houses were duplexes and rowhouses (see Table 8).

Location

The majority of the houses (63.4%) were located
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Table 3
Education of Respondents

Education Level Frequency Percent

High school 13 4.8
Trade school/Some college 51 18.7
2 yr college graduate 17 6.2
4 yr college graduate 63 23.1
Some graduate work 46 16.8
Graduate degree 82 30.0
No response 1 .4

Total 273 100.0

Table 4
Household Size

Number of People
In Household

Frequency Percent

1 20 7.3
2 113 41.4
3 50 18.3
4 64 23.4
5 19 7.0

6 - 7 6 2.2
No response 1 .4

Total 273 100.0
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Table 5
Household Income

Gross Family Income Frequency Percent

$ 10,000 - $ 19,999 24 8.8
$ 20,000 - $ 29,999 34 12.5
$ 30,000 - $ 39,999 69 25.3
$ 40,000 - $ 49,999 46 16.8
$ 50,000 - $ 59,999 25 9.2
$ 60,000 - $ 69,999 18 6.6
$ 70,000 - $ 79,999 13 4.8
$ 80,000 - $ 89,999 8 2.9
$ 90,000 - $ 99,999 5 1.8
$ 100,000 or more 14 5.1
No response 17 6.2

Total 273 100.0

Table 6
Tenure

Tenure Frequency Percent

Own 267 97.8
Rent 2 .7
Other 4 1.5

Total 273 100.0
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outside the city limits. Only 36.6% of the houses were

located inside the city limits (see Table 9).

Size

The median size of the houses was in the category of

1,500 through 1,999 square feet. The largest number

(33.3%) of respondents also reported that their houses

fell into this size range (see Table 10).

Summary of Variables Under Study

The independent variable, passive solar systems, and

the 4 dependent variables: 1) occupants' satisfaction with

12 features of their passive solar houses, 2) occupants'

overall satisfaction with their passive solar houses,

3) reported occurrence of 18 problems in passive solar

houses, and 4) occupants' overall problem with passive

solar houses, will be described in this section.

Four Categories of Passive Solar Systems

More of the houses (48.7%) had the south facing

window + sunspace system. More than one-fifth of the

houses (22.7%) had the south facing window system and

14.3% of the houses had the sunspace system. South facing

window + sunspace + Trombe wall was incorporated in 14.3%

of the houses as shown in Table 11.

Occupants' Satisfaction with 12 Features of their Houses

The majority of the respondents were very satisfied

with the effort and time required in daily operation

(77.2%), exterior design of house (72.1%), floor plan

(70.5%), interior decorating (70.3%) general maintenance
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Table 7
Acreage

Size of lot

< 1/2 acre
1/2 - 1 acre
1 - 2 acres
3 - 5 acres

> 5 acres

of
of
of
of
of

Total

Frequency Percent

land 93 34.1
land 31 11.4
land 26 9.5
land 28 10.3
land 95 34.8

273 100.1*

* Percentage does not equal 100.0 due to rounding.

Table 8
Structure of House

Structure

Single family detached
Duplex for 2 families
Rowhouse for 3-5 families
Rowhouse for 6 families or
Other
No response

Total

Frequency Percent

266 97.4
1 .4
2 .7

> 2 .7
1 .4
1 .4

273 100.0

Table 9
Location of House

Location

Inside the city limits
Outside the city limits

Total

Frequency - Percent

100 36.6
173 63.4

273 100.0
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Table 10
Size of House

Size Frequency Percent

< 500 square feet 0 0.0
500 999 square feet 2 .7

1,000 - 1,499 square feet 49 17.9
1,500 - 1,999 square feet 91 33.3
2,000 - 2,500 square feet 75 27.5
2,500 or more square feet 56 20.5

Total 273 99.9*

* Percentage does not equal 100.0 due to rounding.

Table 11
Four Categories of Passive Solar Systems

Passive Solar Systems Frequency Percent

South facing window 62 22.7
Sunspace 39 14.3
South facing window
+ sunspace 133 48.7
South facing window
+ sunspace + Trombe wall 39 14.3

Total 273 100.0
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requirements (69.7%), energy savings (63.8%), comfort

level (62.2%), performance of mechanical components

(61.0%), and internal noise level (60.2%) in their

passive solar houses. Fewer respondents were very

satisfied with heat distribution (47.0%), and humidity

control (44.9%) in their houses. Only 40.1 percent of the

respondents were very satisfied with the cooling

distribution in their houses (see Table 12).

Occupants' Overall Satisfaction with their Houses

The mean total score for overall satisfaction was

1.46, which indicated the respondents were near the

mid-point between being very satisfied and somewhat

satisfied with their houses. The mean score for

respondents with the sunspace system was 1.54; for

respondents with the south facing window + sunspace +

Trombe wall system, 1.45; for the south facing window

system, 1.44; and for the south facing window + sunspace

system, 1.44.

Reported Occurrence of 18 Problems in Passive Solar Houses

The problem most frequently reported by respondents

(49.0%) was cleaning of high windows or other glass areas.

About one-fourth of the respondents perceived

condensation on windows (26.5%), inadequate movement of

heat (25.9%), inadequate shading by deciduous trees

(24.7%), coverings for sloped windows (24.5%), fading of

furniture and coverings (23.2%), and not warm enough

(22.4%) as problems. The following problems were
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Table 12
Respondents Satisfaction/Dissatisfaction with 12 Features
of their Passive Solar Rouses

Features

Energy savings
Heat distribution
Cooling distribution
Humidity control
Exterior design of
house

Comfort level
General maintenance

requirements
Effort and time
required in daily
operation

Performance of mech-
anical components

Floor plan
Internal noise level
Interior decorating

a
VS

b
SS

c
SDS

d
VDS Total n

63.8 30.2 5.6 .4 100.0 268
47.0 38.1 13.1 1.9 100.1 268
40.1 41.6 14.2 4.1 100.0 197
44.9 44.1 9.3 1.7 100.0 236

72.1 23.4 4.2 .4 100.1 265
62.2 33.0 4.9 0.0 100.1 267

69.7 23.4 5.7 1.1 99.9 261

77.2 19.7 2.7 .4 100.0 259

61.0 28.2 8.0 2.8 100.0 213

70.5 27.3 1.9 .4 100.1 264
60.2 26.4 11.8 1.6 100.0 254
70.3 26.6 2.3 .8 100.0 263

* Percentage does not equal 100.0 due to rounding
a c

- Very satisfied
b d

- Somewhat satisfied

- Somewhat dissatisfied

- Very dissatisfied



57

indicated by fewer respondents; inadequate

weatherstripping or caulking (19.6%), extreme temperature

swings (16.7%), high noise levels (15.9%), rooms cool down

too fast (15.2%), excessive glare (13.1%), excessive heat

loss through aluminum windows (12.2%), lack of privacy

(12.0%), manual use of movable window insulation (10.6%),

nonresiliency of floors (9.8%), excessive drafts (8.6%),

and excessive humidity (6.2%) (see Table 13).

Overall Problem with Passive Solar Houses

The mean total score for overall problem with passive

solar houses was 3.20, indicating that respondents overall

reported 3 problems with their houses. The mean score for

overall problem of occupants with the south facing window

+ sunspace + Trombe wall system was 3.41; for the south

facing window + sunspace system, 3.21; for the sunspace

system, 3.12; and for the south facing window system,

3.09.

Null Hypotheses Findings

The null hypotheses were tested using the Chi-square

tests and one-way analysis of variance. The results of

the tests have been presented in this section.

Rol: There is no Difference Among the Four Categories

of Passive Solar Systems and Occupants' Satisfaction

with 12 Features of Their Houses

The results of the Chi-square tests for each feature

are reported. The significance level for rejecting the

null hypothesis was set at p < .05.
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Table 13
Occurrence of 18 Problems in Passive Solar Houses as
Reported by Respondents

Problems Yes No Total

Excessive glare 13.1 86.9 100.0 260
Excessive humidity 6.2 93.8 100.0 259
Condensation on windows 26.5 73.5 100.0 260
Extreme temperature swings 16.7 83.3 100.0 257
Nonresiliency of floors 9.8 90.2 100.0 256
High noise levels 15.9 84.1 100.0 258
Not warm enough 22.4 77.6 100.0 255
Inadequate weatherstripping

or caulking 19.6 80.4 100.0 260
Excessive heat loss through

aluminum windows 12.2 87.8 100.0 254
Coverings for sloped

windows 24.5 75.5 100.0 249
Inadequate shading by

deciduous trees 24.7 75.3 100.0 251
Manual use of movable

window insulation 10.6 89.4 100.0 246
Inadequate movement of heat 25.9 74.1 100.0 259
High windows or glass areas

cleaned 49.0 51.0 100.0 259
Fading of furniture and

coverings 23.2 76.8 100.0 259
Lack of privacy 12.0 88.0 100.0 259
Excessive drafts 8.6 91.4 100.0 257
Rooms cool down too fast 15.2 84.8 100.0 257
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Energy Savings

There was no significant difference, X2 (9, n = 260)

= 15.63, p = .074, in occupants' satisfaction with energy

savings among the four categories of passive solar systems

(see Table 14). The null hypothesis, Hola, was not

rejected.

Heat Distribution

Respondents among the four categories of passive

solar systems did not differ significantly, X2 (9, n =

268) = 2.43, p = .982, in their satisfaction with heat

distribution (see Table 15). The null hypothesis, Holb,

was not rejected.

Cooling Distribution

There was no significant difference, X2 (9, n = 197)

= 7.58, p = .576, in occupants' satisfaction with cooling

distribution among the four categories of passive solar

systems (see Table 16). Hence, the null hypothesis, Holc,

was not rejected.

Humidity Control

There was no significant difference, X 2 (9, n = 236)

= 10.80, p = .289, in occupants' satisfaction with

humidity control among the four categories of passive

solar systems (see Table 17). The null hypothesis, Hold,

was not rejected.

Exterior Design of House

Respondents among the four categories of passive

solar systems did not differ significantly, X2(9, n = 265)



60

Table 14
Chi-square Test Results for Occupants' Satisfaction with
the Energy Savings Feature of their Houses among Your
Categories of Passive Solar Systems

System
a

VS
b

SS
c

SDS VDS
d 2

X df n p
Category (%) (%) (%) (%)

South facing
window

69.4 27.4 3.2 0.0 15.63 9 260 .074

Sunspace 47.2 47.2 2.8 2.8

South facing
window + Sunspace

62.9 29.5 7.6 0.0

South facing
window + Sunspace

73.7 21.1 5.3 0.0

+ Trombe wall

a
- Very satisfied

b
- Somewhat satisfied

c

d
- Somewhat dissatisfied

- Very dissatisfied

Table 15
Chi - square Test Results for Occupants' Satisfaction with
the Heat Distribution Feature of their Houses among Four
Categories of Passive Solar Systems

a b c d 2

System VS SS SDS VDS X df n p
Category (%) (%) (%) (%)

South facing
window

50.0 36.7 11.7 1.7 2.43 9 268 .982

Sunspace 50.0 39.5 7.9 2.6

South facing
window + Sunspace

43.9 39.4 15.2 1.5

South facing
window + Sunspace

50.0 34.2 13.2 2.6

+ Trombe wall

a
- Very satisfied - Somewhat dissatisfied

b d
- Somewhat satisfied - Very dissatisfied
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Table 16
Chi - square Test Results for Occupants' Satisfaction with
the Cooling Distribution Feature of their Houses among
Four Categories of Passive Solar Systems

System
a

VS
b

SS
c

SDS VDS
d 2

X df n
Category (%) (%) (%) (%)

South facing
window

46.3 34.1 17.1 2.4 7.58 9 197 .576

Sunspace 28.0 40.0 28.0 4.0

South facing
window + Sunspace

39.8 44.9 10.2 5.1

South facing
window + Sunspace

42.4 42.4 12.1 3.0

+ Trombe wall

a
- Very satisfied - Somewhat dissatisfied

b d
- Somewhat satisfied - Very dissatisfied

Table 17
Chi-square Test Results for Occupants' Satisfaction with
the Humidity Control Feature of their Houses among Four
Categories of Passive Solar Systems

a b c d 2
System VS SS SDS VDS X df n p
Category (%) (%) (%) (%)

South facing
window

39.2 45.1 13.7 2.0 10.80 9 236 .289

Sunspace 31.0 55.2 13.8 0.0

South facing
window + Sunspace

46.2 46.2 5.9 1.7

South facing
window + Sunspace

59.5 27.0 10.8 2.7

+ Trombe wall

a
- Very satisfied

b
- Somewhat satisfied

c

d
- Somewhat dissatisfied

- Very dissatisfied
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= 8.61, p = .473, in their satisfaction with the exterior

design of their houses (see Table 18). The null

hypothesis, Hole, was not rejected.

Comfort Level

There was no significant difference, X2 (6, n = 267)

= 4.07, p = .666, in occupants' satisfaction with the

comfort level among the four categories of passive solar

systems (see Table 19). The null hypothesis, Holf, was

not rejected.

General Maintenance Requirements

There was a significant difference, X2 (9, n = 261)

= 22.25, p = .008, in occupants' satisfaction with the

general maintenance requirements among the four categories

of passive solar systems. Most of the respondents (86.4%)

with the south facing window system were very satisfied

and all of the respondents with the south facing window +

sunspace + Trombe wall system were very satisfied (61.5%)

or somewhat satisfied (38.5%) with this feature. However,

more respondents with the sunspace system (17.2%) and the

south facing window + sunspace system (7.1%) were somewhat

or very dissatisfied with this feature (see Table 20).

The null hypothesis, Holg, was rejected.

Effort and Time Required in Daily Operation

Respondents did not differ significantly, X2 (9,

n = 259) = 12.80, R = .171, among the four categories of

passive solar systems in their satisfaction with the

effort and time required in daily operation of their
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Table 18
Chi-square Test Results for Occupants' Satisfaction with
the Exterior Design Feature of their Houses among Four
Categories of Passive Solar Systems

a
System VS

b
SS

c
SDS VDS

d 2

X df n p
Category (%) (%) (%) (%)

South facing
window

67.2 29.5 3.3 0.0 8.61 9 265 .473

Sunspace 65.7 22.9 11.4 0.0

South facing
window + Sunspace

76.2 20.0 3.1 0.8

South facing
window + Sunspace

71.8 25.6 2.6 0.0

+ Trombe wall

a
- Very satisfied - Somewhat dissatisfied

b d
- Somewhat satisfied - Very dissatisfied

Table 19
Chi-sguare Test Results for Occupants' Satisfaction with
the Comfort Level Feature of their Houses among Four
Categories of Passive Solar Systems

a b c d 2

System VS SS SDS VDS X df n
Category (%) (%) (%) (%)

South facing
window

63.9 31.1 4.9 0.0 4.07 6 267 .666

Sunspace 51.4 40.5 8.1 0.0

South facing
window + Sunspace

63.8 33.1 3.1 0.0

South facing
window + Sunspace

64.1 28.2 7.7 0.0

+ Trombe wall

a
- Very satisfied - Somewhat dissatisfied

b d
- Somewhat satisfied - Very dissatisfied
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houses (see Table 21). The null hypothesis, Holh, was not

rejected.

Performance of Mechanical Components

There was no significant difference, X2 (9, n = 213)

= 12.14, p = .205, in occupants' satisfaction with the

performance of mechanical components among the four

categories of passive solar systems (see Table 22). The

null hypothesis, Holi, was not rejected.

Floor Plan

Respondents did not differ significantly, X2 (9,

n = 264) = 7.01, p = .635, in their satisfaction of their

floor plans among the four categories of passive solar

systems (see Table 23). The null hypothesis, Holj, was

not rejected.

Internal Noise Level

There was no significant difference, X2 (9, n = 254)

= 7.52, p = .582, in occupants' satisfaction with the

internal noise level among the four categories of passive

solar systems (see Table 24). The null hypothesis, Holk,

was not rejected.

Interior Decorating

Respondents did not differ significantly, X2 (9,

n = 263) = 10.09, p = .343, in their satisfaction with the

interior decoration of their houses among the four

categories of passive solar systems (see Table 25). The

null hypothesis, Holl, was not rejected.
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Table 20
Chi-square Test Results for Occupants' Satisfaction with
the General Maintenance Requirements Feature of their
Houses among Four Categories of Passive Solar Systems

a b c d 2

System VS SS SDS VDS X df
Category (%) (%) (%) (%)

South facing 86.4 8.5 5.1 0.0 22.25 9 261 .008
window

Sunspace 62.9 20.0 14.3 2.9

South facing 66.4 26.6 5.5 1.6
window + Sunspace

South facing 61.5 38.5 0.0 0.0
window + Sunspace
+ Trombe wall

a
- Very satisfied - Somewhat dissatisfied

b d
- Somewhat satisfied - Very dissatisfied

Table 21
Chi-square Test Results for Occupants' Satisfaction with
the Effort and Time Required in Daily Operation Feature of
their Houses among Four Categories of Passive Solar
Systems

System
a

VS
b

SS
c

SDS VDS
d 2

X df n
Category (%) (%) (%) (%)

South facing
window

82.8 15.5 1.7 0.0 12.80 9 259 .171

Sunspace 75.7 21.6 2.7 0.0

South facing
window + Sunspace

77.0 21.4 0.8 0.8

South facing
window + Sunspace

71.1 18.4 10.5 0.0

+ Trombe wall

a
- Very satisfied - Somewhat dissatisfied

b d
- Somewhat satisfied - Very dissatisfied
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Table 22
Chi-square Test Results for Occupants' Satisfaction with
the Performance of Mechanical Components Feature of their
Houses among Four Categories of Passive Solar Systems

System
Category

a
VS
(%)

b
SS

(%)

SDS
(%)

c
VDS
(%)

d 2

X df n p

South facing
window

Sunspace

South facing
window + Sunspace

South facing
window + Sunspace
+ Trombe wall

68.1

44.8

64.1

55.9

19.1

41.4

27.2

32.4

6.4

10.3

8.7

5.9

6.4

3.4

0.0

5.9

12.14 9 213 .205

a
- Very satisfied - Somewhat dissatisfied

b d
- Somewhat satisfied - Very dissatisfied

Table 23
Chi-square Test Results for Occupants' Satisfaction with
the Floor Plan Feature of their Houses among Four
Categories of Passive Solar Systems

a b c d 2

System VS SS SDS VDS X df n
Category (%) (%) (%) (%)

South facing
window

69.4 29.0 0.0 1.6 7.01 9 264 .635

Sunspace 65.7 31.4 2.9 0.0

South facing
window + Sunspace

71.1 25.8 3.1 0.0

South facing
window + Sunspace

74.4 25.6 0.0 0.0

+ Trombe wall

a
- Very satisfied

b,
- Somewhat satisfied

d
- Somewhat dissatisfied

- Very dissatisfied
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Table 24
Chi-square Test Results for Occupants' Satisfaction with
the Internal Noise Level Feature of their Houses among
Four Categories of Passive Solar Systems

a b c d 2
System VS SS SDS VDS X df n p
Category (%) (%) (%) (%)

South facing
window

58.9 23.2 14.3 3.6 7.52 9 254 .582

Sunspace 71.4 25.7 2.9 0.0

South facing
window + Sunspace

57.1 29.4 12.7 0.8

South facing
window + Sunspace

62.2 21.6 13.5 2.7

+ Trombe wall

a
- Very satisfied - Somewhat dissatisfied

b d
- Somewhat satisfied - Very dissatisfied

Table 25
Chi-square Test Results for Occupants' Satisfaction with
the Interior Decorating Feature of their Houses among Four
Categories of Passive Solar Systems

a b c d 2

System VS SS SDS VDS X df n p
Category (%) (%) (%) (%)

South facing
window

66.7 31.7 1.7 0.0 10.09 9 263 .343

Sunspace 59.5 35.1 5.4 0.0

South facing
window + Sunspace

71.1 25.8 1.6 1.6

South facing
window + Sunspace

84.2 13.2 2.6 0.0

+ Trombe wall

a
- Very satisfied - Somewhat dissatisfied

b d
- Somewhat satisfied - Very dissatisfied
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Ho2: There is no Difference Among the Four Categories

of Passive Solar Systems and Occupants' Overall

Satisfaction with Features of Their Houses

The analysis of variance test indicated there was no

significant difference in occupants' overall satisfaction

with features of their houses among the four categories of

passive solar systems, F (3, 256) = .691, p = .559 (see

Table 26). The null hypothesis, Ho2, was not rejected.

Ho3: There is no Difference Among the Pour Categories

of Passive Solar Systems and the Reported Occurrence

of 18 Problems Faced by Occupants

The results of the Chi-square tests for each of the

18 problems are reported. The significance level for

rejecting the null hypothesis was set at p < .075.

Excessive Glare

There was no significant difference, X2 (3, n = 260)

= 2.34, p = .503, among occupants living in the four

categories of passive solar systems and the problem of

excessive glare (see Table 27). The null hypothesis,

Ho3a, was not rejected.

Excessive Humidity

There was no significant difference, X2 (3, n = 259)

= .514, p = .915, among the four categories of passive

solar systems (see Table 28). The null hypothesis, Ho3b,

was not rejected.

Condensation on windows

There was no significant difference, X2 (3, n = 260)

= 3.48, p = .323, in occupants' perception of condensation
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Table 26
Analysis of Variance Test Results for Occupants, Overall
Satisfaction with their Houses among Four Categories of
Passive Solar Systems

Source df Sum of
squares

Mean
squares

Between groups

Within groups

Total

3

253

256

.2791

34.0754

34.3544

.0930

.1347

ratio prob

.6906 .5585

Table 27
Chi - square Test Results for the Problem of Excessive Glare
as Reported by Respondents among Four Categories of
Passive Solar Systems

2

System Yes No X df n p
Category

South facing
window

Sunspace

South facing
window + Sunspace

South facing
window + Sunspace
+ Trombe wall

(%) (%)

18.0 82.0 2.34 3 260 .503

14.3 85.7

11.8 88.2

8.1 91.9
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on windows as a problem among the four categories of

passive solar systems (see Table 29). The null

hypothesis, Ho3c, was not rejected.

Extreme Temperature Swings

Respondents did not differ significantly, X2 (3,

n = 257) = 1.74, p = .629, among the four categories of

passive solar systems and their observation of extreme

temperature swings as a problem (see Table 30). The null

hypothesis, Ho3d, was not rejected.

Nonresiliency of floors

There was no significant difference, X2 (3, n = 256)

= 1.55, p = .670, among occupants' assessment of

nonresiliency of floors as a problem among the four

categories of passive solar systems, as shown in Table 31.

The null hypothesis, Ho3e, was not rejected.

Rich Noise Levels

There was a significant difference, X2 (3, n = 258)

= 6.98, p = .072, among the four categories of passive

solar systems with the problem of high noise level.

Occupants with the south facing window + sunspace system

(20.5%), the south facing window system (16.4%), and the

south facing window + sunspace + Trombe wall system

(11.4%) had experienced more of a problem-with the high

noise level in their houses. However, most (97.1%)

occupants with the sunspace system had not experienced a

problem with the noise level (see Table 32). The null

hypothesis, Ho3f, was rejected.
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Table 28
Chi - square Test Results for the Problem of Excessive
Humidity as Reported by Respondents among Four Categories
of Passive Solar Systems

2

System Yes No X df n p
Category (%) (%)

South facing
window

5.0 95.0 .514 3 259 .915

Sunspace 8.6 91.4

South facing
window + Sunspace 6.3 93.8

South facing
window + Sunspace 5.6 94.4
+ Trombe wall

Table 29
Chi - square Teat Results for the Problem of Condensation on
Windows as Reported by Respondents among Four Categories
of Passive Solar Systems

System
Category

Yes
(%)

No
(%)

2

X df

South facing
window

23.3 76.7 3.479 3 260 .323

Sunspace 37.1 62.9

South facing
window + Sunspace 27.3 72.7

South facing
window + Sunspace 18.9 81.1
+ Trombe wall
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Table 30
Chi-square Test Results for the Problem of Extreme
Temperature Swings as Reported by Respondents among Four
Categories of Passive Solar Systems

2

System Yes No X df n p
Category (%) (%)

South facing
window

20.0 80.0 1.735 3 257 .629

Sunspace 20.0 80.0

South facing
window + Sunspace 13.6 86.4

South facing
window + Sunspace 18.9 81.1
+ Trombe wall

Table 31
Chi-square Test Results for the Problem of Nonresiliencv
of Floors as Reported by Respondents among Four Categories
of Passive Solar Systems

2

System Yes No X df n p
Category (%) (%)

South facing
window

11.7 88.3 1.549 3 256 .670

Sunspace 5.9 94.1

South facing
window + Sunspace 8.8 91.2

South facing
window + Sunspace 13.5 86.5
+ Trombe wall
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Not Warm Enough

Respondents did not differ significantly, X2 (3,

n = 255) = 1.57, p = .665, among the four categories of

passive solar systems and their houses not being warm

enough, as shown in Table 33. The null hypothesis, Ho3g,

was not rejected.

Inadeauate Weatherstripping or Caulking

There was a significant difference, X2 (3, n = 260)

= 7.45, p = .058, among occupants in the four categories

of passive solar systems with the problem of inadequate

weatherstripping or caulking. More occupants living in

the sunspace system (31.4%) and the south facing window

system (26.2%) found their houses had inadequate

weatherstripping or caulking. Most respondents with the

south facing window + sunspace system (85.8%) and the

south facing window + sunspace + Trombe wall system

(83.8%) did not have this problem, as shown in Table 34.

Hence, the null hypothesis, Ho3h, was rejected.

Excessive Heat Loss through Aluminum Windows

Respondents among the four categories of passive

solar systems did not differ significantly, X2 (3, n =

254) = 3.04, p = .386, in their assessment of excessive

heat loss through aluminum windows as a problem (see Table

35). Therefore, null hypothesis, Ho3i, was not rejected.

Coverings for Sloped Windows

There was a significant difference, X2 (3, n = 249)

= 8.69, p = .033, among occupants in the four categories
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Table 32
Chi-sauare Test Results for the Problem of High Noise
Levels as Reported by Respondents among Four Categories of
Passive Solar Systems

System
Category

Yes
(%)

No
(%)

2

X df n

South facing
window

16.4 83.6 6.975 3 258

Sunspace 2.9 97.1

South facing
window + Sunspace 20.5 79.5

South facing
window + Sunspace 11.4 88.6
+ Trombe wall

p

.072

Table 33
Chi-square Test Results for the Problem of Not Warm Enough
as Reported by Respondents among Four Categories of
Passive Solar Systems

System Yes No
Category (%) (%)

South facing
window

Sunspace

South facing
window + Sunspace

South facing
window + Sunspace
+ Trombe wall

18.6 81.4

20.0 80.0

22.8 77.2

29.4 70.6

2

X df n p

1.572 3 255 .665
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Table 34
Chi - square Test Results for the Problem of Inadequate
Weatherstripping or Caulking as Reported by Respondents
among Four Categories of Passive Solar Systems

System
Category

Yes
(%)

No
(%)

2

X df n p

South facing
window

26.2 73.8 7.446 3 260 .058

Sunspace 31.4 68.6

South facing
window + Sunspace 14.2 85.8

South facing
window + Sunspace 16.2 83.8
+ Trombe wall

Table 35
Chi - square Test Results for the Problem of Excessive Heat
Loss Through Aluminum Windows as Reported by Respondents
among Pour Categories of Passive Solar Systems

System
Category

Yes
(%)

No
(%)

2
X df n p

South facing
window

Sunspace

South facing
window + Sunspace

South facing
window + Sunspace
+ Trombe wall

16.9

11.4

8.9

16.2

83.1

88.6

91.1

83.8

3.035 3 254 .386
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of passive solar systems with the problem of coverings for

sloped windows. More occupants living in houses with

south facing window + sunspace + Trombe wall system

(33.3%), the sunspace system (28.1%), and the south facing

window + sunspace + Trombe wall system (27.6%) had a

problem with coverings for their sloped windows. Most

occupants with the south facing window system (89.7%) did

not have a problem (see Table 36). Hence, the null

hypothesis, Ho3j, was rejected.

Inadequate Shadina by Deciduous Trees

Respondents did not differ significantly, X2 (3,

n = 251) = .801, p = .849, among the four categories of

passive solar systems and the problem of inadequate

shading by deciduous trees (see Table 37). The null

hypothesis, Ho3k, was not rejected.

Manual Use of Movable Window Insulation

There was no significant difference, X2 (3, n = 246)

= 6.31, p = .097, in occupants' perception of manual use

of movable window insulation as a problem among the four

categories of passive solar systems (see Table 38).

Therefore, null hypothesis, Ho31, was not rejected.

Inadequate Movement of Heat

Respondents among the four categories of passive

solar systems did not differ significantly, X2 (3, n =

259) = 4.25, p = .235, with the problem of inadequate

movement of heat (see Table 39). The null hypothesis,

Ho3m, was not rejected.
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Table 36
Chi-square Test Results for the Problem of Coverings for
Sloped Windows as Reported by Respondents among Four
Categories of Passive Solar Systems

System
Category

Yes
(%)

No
(%)

2

X df n p

South facing
window

10.3 89.7 8.685 3 249 .033

Sunspace 28.1 71.9

South facing
window + Sunspace 27.6 72.4

South facing
window + Sunspace 33.3 66.7
+ Trombe wall

Table 37
Chi - square Test Results for the Problem of Inadeauate
Shading by Deciduous Trees as Reported by Respondents
among Four Categories of Passive Solar Systems

2
System Yes No X df n p
Category (%) (%)

South facing
window

21.7 78.3 .801 3 251 .849

Sunspace 27.3 72.7

South facing
window + Sunspace 26.4 73.6

South facing
window + Sunspace 21.6 78.4
+ Trombe wall
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Table 38
Chi-square Test Results for the Problem of Manual Use of
Movable Window Insulation as Reported by Respondents among
Pour Categories of Passive Solar Systems

System
Category

Yes
(%)

No
(%)

2

X df n p

South facing
window

8.3 91.7 6.309 3 246 .097

Sunspace 0.0 100.0

South facing
window + Sunspace 14.9 85.1

South facing
window + Sunspace 8.3 91.7
+ Trombe wall

Table 39
Chi - square Test Results for the Problem of Inadequate
Movement of Heat as Reported by Respondents among Four
Categories of Passive Solar Systems

System
Category

Yes
(%)

No
(%)

2

X df n p

South facing
window

Sunspace

South facing
window + Sunspace

South facing
window + Sunspace
+ Trombe wall

16.4

26.5

28.1

33.3

83.6

73.5

71.9

66.7

4.248 3 259 .235
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High Windows or Other Glass Areas Cleaned

There was no significant difference, X2 (3, n = 259)

= 5.63, R = .130, with occupants' problem of cleaning high

windows or other glass areas among the four categories of

passive solar systems (see Table 40). The null

hypothesis, Ho3n, was not rejected.

Fading of Furniture and Coverings

Respondents did not differ significantly, X2 (3,

D = 259) = 1.55, R = .670, among the four categories of

passive solar systems and the problem with the fading of

furniture and coverings (see Table 41). The null

hypothesis, Ho3o, was not rejected.

Lack of Privacy

There was no significant difference, X2 (3, n = 259)

= 2.56, R = .463, among occupants in the four categories

of passive solar systems and the problem of lack of

privacy (see Table 42). The null hypothesis, Ho3p, was

not rejected.

Excessive Drafts

There was no significant difference, X2 (3, n = 257)

= .670, R = .880, among the four categories of passive

solar systems and the occupants' problem with excessive

drafts (see Table 43). Hence, the null hypothesis, Ho3q,

was not rejected.

Rooms Cool Down Too Fast

Respondents among the four categories of passive

solar systems did not differ significantly, X2 (3, n =
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Table 40
Chi - square Test Results for the Problem of Cleaning of
High Windows or Other Glass Areas as Reported by
Respondents among Four Categories of Passive Solar Systems

System
Category

Yes
(%)

No
(%)

2

X df n p

South facing
window

36.1 63.9 5.633 3 259 .130

Sunspace 52.9 47.1

South facing
window + Sunspace 52.0 48.0

South facing
window + Sunspace 56.8 43.2
+ Trombe wall

Table 41
Chi - square Test Results for the Problem of Fading of
Furniture and Coverings as Reported by Respondents among
Four Categories of Passive Solar Systems

System
Category

Yes
(%)

No
(%)

2

X df n p

South facing
window

28.3 71.7 1.550 3 259 .670

Sunspace 17.6 82.4

South facing
window + Sunspace 22.7 77.3

South facing
window + Sunspace 21.6 78.4
+ Trombe wall
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Table 42
Chi-sauare Test Results for the Problem of Lack of Privacy
as Reported by Respondents among Pour Categories of
Passive Solar Systems

System
Category

Yes
(%)

No
(%)

2

X df n p

South facing
window

15.0 85.0 2.563 3 259 .463

Sunspace 5.7 94.3

South facing
window + Sunspace 11.0 89.0

South facing
window + Sunspace 16.2 83.8
+ Trombe wall

Table 43
Chi-sauare Test Results for the Problem of Excessive
Drafts as Reported by Respondents among Four Categories of
Passive Solar Systems

2
System Yes No X df n p
Category (%) (%)

South facing
window

8.3 91.7 .670 3 257 .880

Sunspace 5.7 94.3

South facing
window + Sunspace 8.7 91.3

South facing
window + Sunspace 11.1 88.9
+ Trombe wall
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257) = 2.90, R = .407, with the problem of rooms cooling

down too fast (see Table 44). The null hypothesis, Ho3r,

was not rejected.

Ho4: There is no Difference Among the Four Categories

of Passive Solar Systems and the Overall

Problem Faced by Occupants

The analysis of variance test indicated there was no

significant difference, F (3, 215) = .128, R = .944, in

occupants' overall problem among the four categories of

passive solar systems (see Table 45). The null

hypothesis, Ho4, was not rejected.

Discussion of Findings

In this section, the sample profile, which includes

the respondents' profile, the house profile, and the

variables under study; and the null hypotheses results

will be discussed. The findings will be compared with

those from previous research studies.

Respondents' Profile

The majority of the respondents in this study were

young, around 45 years, lived in small households, were

college educated, and owned their houses. Their mean

gross family income was in the category of $ 40,000

through $ 49,999. They were similar to respondents in

previous studies in mean age, education, tenure, and

household income and size (Katz, 1983; Labay & Kinnear,

1981; Reichelderfer, 1983; Solar Energy Research

Institute, 1986; Zentner, 1983). The findings also
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Table 44
Chi-square Test Results for the Problem of Rooms Cooling
Down Too Fast as Reported by Respondents among Four
Categories of Passive Solar Systems

System
Category

Yes
(%)

No
(%)

2

X df n p

South facing
window

21.3 78.7 2.899 3 257 .407

Sunspace 14.7 85.3

South facing
window + Sunspace 11.9 88.1

South facing
window + Sunspace 16.7 83.3
+ Trombe wall

Table 45
Analysis of Variance Test Results for Occupants' Overall
Problem among Four Categories of Passive Solar Systems

Source df Sum of Mean
squares squares ratio prob

Between groups 3 2.2643 .7548 .1275 .9437

Within groups 212 1254.7728 5.9187

Total 215 1257.0370
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supported the predictions made by Farhar-Pilgrim and

Unseld (1982) and Rogers and Shoemaker (1971) that

adopters of passive solar technology tend to be young and

highly educated with high incomes.

House Profile

The majority of houses in this sample were single

family detached built on one to two acres of land. The

median size of the houses was in the category of 1,500

through 1,999 square feet, and, they were located outside

the city limits. These findings were comparable to

passive solar houses in other studies (Case & DeJonge,

1982; Katz, 1983; McLain-Kark, 1987b; Solar Energy

Research Institute, 1986).

Variables Under Study

Four Categories of Passive Solar Systems

It was apparent from previous studies (Reichelderfer,

1983; Sachs, 1982; Takhar, 1987) that the south facing

window system was the most prevalent system, but Katz

(1983) reported that a combination of systems was used in

many passive solar houses. In this study the south facing

window system was the most commonly used system. It was

used in 85.7 percent of the houses, either singly (22.7%)

or in combination with sunspaces (48.7%),-or with

sunspaces and Trombe walls (14.3%)

Occupants, Satisfaction with 12 Features of their Houses

The majority of respondents (77.2%) were very

satisfied with the time and effort required in daily
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operation of their houses. This is in accordance with the

results of previous studies where occupants felt they

spent less time and effort for daily operation in their

passive solar houses than in conventional houses (Balcomb,

1980; Solar Energy Research Institute, 1986).

Occupants were also very satisfied with the floor

plans of their houses. The spaciousness and the openness

of the passive solar designs may have contributed to

occupants' high satisfaction level. Previous researchers

have indicated similar findings where respondents were

satisfied with their floor plans (Case, 1983; McLain-Kark,

1987b).

Another feature that occupants were very satisfied

with was the exterior design of their houses. This could

be because the exteriors were architecturally and

aesthetically appealing to the occupants. The refinement

of passive solar design in the eighties may provide even

better and diverse design options (MacMath, 1986).

Occupants were also very satisfied with the interior

decorating feature. This finding differed from that in

McLain-Kark's (1987a) study. One possible explanation

could be that the state of art of passive solar design was

a contributing factor for creative interior decorating in

these houses. Since less glass areas, glazing, and

thermal mass are being used in recent years, the occupants

may have had more flexibility in arranging their furniture

and choosing the furnishings and hence, were satisfied
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with the interior decoration.

More occupants were somewhat dissatisfied with the

heat distribution, internal noise level, and cooling

distribution. Occupants' dissatisfaction with the heat

distribution in the houses could be because of the

inadequate movement of heat within the house, which was

the third most reported problem by occupants. The results

support the findings of the Solar Energy Research

Institute (1986).

The internal noise level was another feature with

which occupants were somewhat dissatisfied. The hard

surfaces, such as wood and thermal mass, that are used in

the houses may have elevated the internal noise levels.

Also, the open floor plans used in many passive solar

houses increase the internal noise levels. The finding

concurred with the findings of McLain-Kark (1987b) and

Pickett (1984). While open floor plans appeal to many

occupants they have the distinct disadvantage of

increasing the noise level.

Occupants were also somewhat dissatisfied with the

cooling distribution in their houses. To have an adequate

cooling distribution, it is necessary to have proper

ventilation and shading. It is possible that some of

these houses did not have proper ventilation and shading

devices. Perhaps, even when vents and shades were

present, they were not being used properly. The finding

was similar to the results in the study conducted by Solar
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Energy Research Institute (1986).

Reported Occurrence of 18 Problems in Passive Solar Houses

Respondents (49.0%) reported that cleaning of high

windows or other glass areas was a problem. This could be

because passive solar houses can be designed incorporating

large expanses of glass or window areas and occupants may

have found it cumbersome to keep these areas clean, even

if the chore is done annually or bi-annually. The same

problem was experienced by occupants in the study

conducted by Solar Energy Research Institute (1986).

Another frequently reported problem was condensation

on windows. As there can be large window and glass areas

in passive solar houses, the condensation on the windows

may have been more evident to the occupants. This finding

was similar to the finding in Katz's (1983) and Solar

Energy Research Institute's (1986) studies. Even though

condensation on windows was perceived as a problem,

occupants did not report excessive humidity as a problem.

Inadequate movement of heat was also reported as a

problem by occupants. Perhaps the houses had higher

temperature levels on the south side and the air may not

have circulated adequately to the other parts of the

house. This result concurred with the findings in

Rawling's (1982) and Zentner's (1983) studies.

Occupants also reported the problem of inadequate

shading by deciduous trees and fading of furniture and

coverings. The problem of inadequate shading may be
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because the trees have not been planted or were not fully

grown. The fading of furniture and coverings may have

been a problem because the passive design can utilize

large window areas that let in sunlight. The ultra-violet

rays tend to deteriorate the furniture as well as the

coverings. This finding was similar to the results in

Appleyard's (1983) and Katz's (1983) studies.

Discussion of Null Hypotheses Results

Previous researchers did not address the occupants'

satisfaction and problems by categorized passive solar

systems. As this study analyzes the satisfaction and

problems of occupants by categories of passive solar

systems, the findings cannot be directly compared with the

previous studies. Inoue (1985) compared the performance

and constraints of passive solar houses by dichotomous

groups (sunspace and non-sunspace; south facing window and

non south facing window; Trombe wall and non Trombe wall).

The small sample sizes in most of the other studies

(ranging from 5 to 28) may also have limited the

researchers from categorizing the passive solar systems

(Appleyard, 1983; Case, 1983; Katz, 1983; McLain -Kark,

1987b; Reichelderfer, 1983; Zentner, 1983). Even the

Solar Energy Research Institute (1986) with its large data

base (N = 321) has not done analysis by categorized

passive solar systems.

It was hypothesized that there would be no

significant difference among the four categories of
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passive solar systems and occupants' satisfaction with

twelve features of their houses. However, there was a

significant (p < .05) difference among the four categories

of passive solar systems and occupants' satisfaction with

the general maintenance requirements. The majority of

occupants with the south facing window system were very

satisfied and all of the occupants with the south facing

window + sunspace + Trombe wall system were very or

somewhat satisfied with this feature. Fewer occupants

were very satisfied with general maintenance requirements

in the categories which included the sunspace system

singly or in combination. More occupants with the

sunspace system and the south facing window + sunspace

system were somewhat or very dissatisfied with this

feature (see Figure 2). It is evident from the results

that there is a significant difference among the four

categories but what is not clear is why the satisfaction

levels differed. In the absence of previous research to

substantiate the findings, a definite explanation cannot

be offered.

One possible explanation could be that the difference

in the satisfaction level was not associated with the

categories but with individual houses. It could be that

some of the occupants were doing more maintenance work in

their present houses than what they had done previously

and hence were dissatisfied, while others were doing less

maintenance work than previously and were satisfied.
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Figure 2. Occupants' Satisfaction with General Maintenance
Requirements
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Weatherstripping or caulking and cleaning of high windows

or glass areas are some of the general maintenance work

that are done in the houses. As the sunspace system

incorporates large window areas, weatherstripping or

caulking have to be replaced on a regular basis if long

lasting materials were not used and this could have led to

occupants' dissatisfaction. The dissatisfaction for

general maintenance work could also have stemmed from

cleaning of high windows or glass areas. The cleaning of

these windows was the most reported problem by occupants.

There was no significant (p < .05) difference in

occupants' overall satisfaction among the four categories

of passive solar systems. The occupants on the whole were

satisfied with the features of their houses. This finding

concurred with the results of previous studies by Katz

(1983), Reichelderfer (1983), Solar Energy Research

Institute (1986) and Zentner (1983).

The findings indicated there was a significant

(p < .075) difference among the four categories of passive

solar systems and three specific problems: high noise

levels, inadequate weatherstripping or caulking, and

coverings for sloped windows. More occupants with the

south facing window + sunspace system andthe south facing

window system had high internal noise levels. Occupants

with the sunspace system did not experience this problem

(see Figure 3). It was possible that the south facing

window system utilized more hard surfaces such as wood or
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Figure 3. Occupants' Problem with High Noise Levels
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thermal mass and glazing on windows in the living area,

thus resulting in a high noise level inside the house.

Usually with a sunspace system, the area where the thermal

mass is used is not utilized as a living space.

Therefore, the occupants with this system may not have

experienced high noise levels inside their houses.

Occupants experiencing the problem of inadequate

weatherstripping or caulking differed significantly among

the four passive solar systems. More occupants with the

sunspace system felt this was a problem than did those

with the south facing window system (see Figure 4). As

the sunspace system incorporates large window areas and

can incorporate roof window areas it was possible the

windows did not have proper caulking around the joints.

This problem could also have been related to faulty

materials or installation in some houses. Again there is

no conclusive explanation as to why the occupants in the

south facing window + sunspace system did not perceive

this as a problem.

The problem of coverings for sloped windows was felt

more acutely by those who had the sunspace system singly

or in combination with the south facing window system (see

Figure 5). The sunspace can have large sloped window

areas on the south side to let the sunlight in and

finding, purchasing, or operating coverings for these

sloped windows can be difficult. It could be that the

south facing window system had vertical windows or glass



Figure 4. Occupants' Problem with Inadequate
Weatherstripping or Caulking
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Figure S. Occupants' Problem with Coverings for Sloped
Windows
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areas and so occupants with this system did not have this

problem. The findings concurred with Inoue's (1985) study

where more respondents with the sunspace system had the

problem of coverings for sloped windows than did those

with the non-sunspace system. It was hypothesized there

would be no significant (p < .075) difference in

occupants' overall problem among the four passive solar

systems and the result indicate the same.

To recapitulate, it can be concluded that occupants'

satisfaction with 12 features of their houses did not

differ significantly (p < .05) among the four categories

of passive solar systems except general maintenance

requirements. Also, occupants' overall satisfaction did

not differ significantly (p < .05) among the four

categories of passive solar systems. There were three

reported problems: high noise levels, inadequate

weatherstripping or caulking, and coverings for sloped

windows that were significantly (p < .075) different among

the four categories of passive solar systems. There were

no differences among the four categories of passive solar

systems and the occurrence of the remaining 15 problems.

Lastly, occupants' overall problem did not differ

significantly (p < .075) among the four categories of

passive solar systems.

Based on the findings of this study, some suggestions

can be made. Less high placed glass can be utilized for

window areas and longer lasting and better materials can
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be used for weatherstripping or caulking. To reduce the

internal noise levels, less glazing can be used on windows

and absorbent pads can be placed under appliances.

Further, areas where the thermal mass does not have to

store the solar energy can be covered by carpets or rugs

to help reduce the noise levels. To lessen the problem of

coverings for sloped windows, it is advisable to have

vertical windows instead of sloped windows. It is easier

to find, purchase, and operate coverings for vertical

windows than for sloped windows.
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CHAPTER V

SUMMARY, IMPLICATIONS, AND RECOMMENDATIONS

Summary

The purpose of this study was to determine if

occupants' satisfaction and problems with their houses

differed by four categories of passive solar systems. The

four categories of passive solar systems were: 1) south

facing window, 2) sunspace, 3) south facing window +

sunspace, 4) south facing window + sunspace + Trombe wall.

The objectives were: 1) to determine if the

occupants' satisfaction with 12 features of their houses

differed by four categories of passive solar systems,

2) to determine if the occupants' overall satisfaction of

their houses differed by four categories of passive solar

systems, 3) to assess if there were differences in

occupants' reported occurrence of 18 problems among the

four categories of passive solar systems, and 4) to assess

if occupants' overall problem differed among the four

categories of passive solar systems. Four null

hypotheses, two of them with sub-parts, were tested to

analyze the variables.

The data were collected in a mail survey, Passive

Solar Homes in Oregon, in 1986 utilizing a modified

Dillman (1978) method. The sample was drawn from a list

of applicants for residential passive solar tax credits

for newly constructed houses, obtained from the Oregon
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Department of Energy. The sample size for this study

consisted of 273 passive solar houses. Statistical

analyses of the data were conducted using frequency

distributions, Chi-square tests, and one-way analysis of

variance.

The respondents were relatively young (mean age of 45

years) and were mostly (74.4%) males. The majority

(76.1%) of the respondents were college educated and

almost half of them (48.7%) had small households

consisting of one to two persons. The median family

income was in the category of $ 40,000 through $ 49,999

and the majority (97.8%) of the respondents were

homeowners.

The median acreage on which the houses were located

was in the category of one to two acres. The majority

(97.4%) of the houses were single family detached and were

located outside the city limits (63.4%). The median size

of the houses was in the category of 1,500 through 1,999

square feet.

The category of passive solar system used most in the

design of the houses was the south facing window +

sunspace system (48.7%). The majority of respondents were

very satisfied with the following features of their

houses: time and effort required in daily operation

(77.2%), exterior design of house (72.1%), floor plan

(70.5%), interior decorating (70.3%), general maintenance

requirements (69.7%), energy savings (63.8%), comfort
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level (62.2%), and internal noise level (60.2%). The

problem of cleaning of high window or glass areas was

reported by many respondents (49.0%). Some of the other

problems experienced by occupants were condensation on

windows (26.5%), inadequate movement of heat (25.9%),

inadequate shading by deciduous trees (24.7%), coverings

for sloped windows (24.5%), fading of furniture and

coverings (23.2%), and not warm enough (22.4%).

There was a significant (p < .05) difference in

occupants' satisfaction with the general maintenance

requirements (p=.008) among the four categories of passive

solar houses. There was no difference (p < .05) in

occupants' satisfaction with 1) energy savings, 2) heat

distribution, 3) cooling distribution, 4) humidity

control, 5) exterior design of house, 6) comfort level,

7) effort and time required in daily operation,

8) performance of mechanical components, 9) floor plan,

10) internal noise level, and 11) interior decorating

among the four categories of passive solar systems. There

was no significant (p < .05) difference in occupants'

overall satisfaction among the four categories of passive

solar systems.

There was a significant (p < .075) difference in

occupants' reported occurrence with three problems:

1) high noise levels (p=.072), 2) inadequate

weatherstripping or caulking (p=.058), and 3) coverings

for sloped windows (p=.033) among the four categories of
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passive solar systems. There was no difference (p < .075)

in occupants' reported occurrence of 1) excessive glare,

2) excessive humidity, 3) condensation on windows,

4) extreme temperature swings, 5) nonresiliency of floors,

6) not warm enough, 7) excessive heat loss through

aluminum windows, 8) inadequate shading of deciduous

trees, 9) manual use of movable window insulation,

10) inadequate movement of heat, 11) high windows or other

glass areas cleaned, 12) fading of furniture, walls, or

coverings, 13) lack of privacy, 14) excessive drafts,

15) rooms cool down too fast among the four categories of

passive solar systems. Occupants also did not differ (p <

.075) in their overall problem among the four categories

of passive solar systems.

Implications

This research can be of interest and use to four

segments of the population. They are: 1) future

consumers of passive solar houses, 2) housing

professionals involved with passive solar energy,

3) educators and researchers concerned with solar energy,

and 4) policy makers dealing with energy issues.

The first group interested in this study are the

future consumers of passive solar houses. The research

adds to the body of existing knowledge, and the consumers

could benefit from the information provided here. MacMath

(1986) pointed out that passive solar houses have evolved

from an experimental stage to a matured stage in the last
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decade. The refinement of passive solar houses has

attracted many consumers to invest in these houses. As

there is an increased number of consumers in the market

for these houses, the results of this study will help

consumers to understand the product better. When the

results are published, consumers will benefit from reading

the publication. The consumers will know the features

that the current occupants are satisfied with, some of the

problems faced by occupants and the working of the

different passive solar systems. The future consumers can

then make their selection of passive solar system based on

the knowledge gleaned from reading the publication. It

will also help current occupants; if they know that their

passive solar systems perform well, they may be encouraged

to continue living in these houses and be positive

informational sources to future consumers.

This study will also be of interest to housing

professionals. Architects, builders, engineers, designers

and planners will benefit from the findings. They will

know where the problem areas are and can pay special

attention to remedy these problems when building and

designing the houses. They will also be aware of the fact

that some of the problems in passive solar houses are not

associated with the system but could have been influenced

by other factors. Since the findings of this study

indicate that the existing problems, for the most part,

are not related to the four categories of passive solar
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systems; builders, architects, and designers will feel

comfortable in suggesting the use of any category of

passive solar system that is best suited for the design of

the house. Selection of passive solar system can also be

done according to the consumer's preference as the four

categories of passive solar systems studied seem to

perform well and the consumers will have four options to

choose among.

Educators and researchers will benefit from the study

as it provides them with more knowledge and information

about the performance of the different types of passive

solar systems. The educators in turn can disseminate the

information to the public, creating favorable attitudes

towards passive solar housing among consumers. Some

problems do differ by category of passive solar system,

for example, high noise levels, inadequate

weatherstripping or caulking, and coverings for sloped

windows. These problems warrant consideration in future

research, and researchers can work towards developing new

and better products and designs to rectify these problems.

Finally, this study will be of interest to local,

state, and federal government policy makers dealing with

energy issues. The policy makers could concentrate their

efforts in promoting passive solar as an alternate source

of energy if they become aware of how well solar systems

perform and how satisfied the residents are with their

usage.



104

Recommendations for Further Research

1) In the present study, data collected in the state of

Oregon were used. Further research using data from

other states or regions would allow for representation

of a larger population and comparison by state, region

or climatic conditions.

2) This study utilized the mail survey technique to

collect the data. Interviews and site visits are

recommended to supplement the information.

3) Some combination of passive solar systems were excluded

in this research as they were not well represented.

Future research is recommended representing all

combinations of passive solar systems.

4) It is necessary to continue post occupancy evaluations

of passive solar houses to get feedback from existing

projects in order to develop additional information for

future designs.

5) Further studies can be directed towards analyzing other

variables in the questionnaire: sources of information

and factors influencing decision to have passive solar

features. These results could motivate other consumers

in adopting passive solar energy.
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Appendix A: Survey Questionnaire

PASSIVE SOLAR HOMES IN OREGON

1. Were the principal features of your passive solar tome included in the oriGinadesign or were they installed after the house was built? (Circle one nsmoer.)

1. IN THE ORIGINAL DESIGN (Skip to Question 2)
2. INSTALLED AFTER HOUSE WAS BUILT

You have completed the Questionnaire. Please return it to -e in
the self-aooressed envelope so that you will not receive a gollow-
uo ouestionnaire. Thank you.
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2. When you were in the market for
your current home, did you start out looking for ahome or designs of homes that incorporated passive solar design? (Circ:t one.)

1. YES. LOOKED FOR A SOLAR NOME
2. NO

3. Below is a list of passive solar systems that may be incorporated into the design ofyour home. Please indicate whether or not tech system is incorporated into yourhome's design.

Systems

Incorporated into
your home's design?

YES NO

a. Direct gain (interior sun space)
1 2b. Tromes wall
1 2

c. Sun space or greenhouse
d. Other (Write in)

1 2

1 2

4. For each source listed below, please indicate whether Or not you used it.

Did you use
this source?

Sources

a. Books
b. Magazines
C. NewsPaoe

d. Library reference material
e. Government publications
f. Government agencies
g. Community college credit class(e0
h. Adult eoucation classles)

i. Solar seminars or conferences
j. Individuals
k. passive solar homes
1. Home shows

m. Other (Write in)

YES NO

1 2
1 2
1 2
1 2
1 2
1 2

1 2
1 2
1 2
1 2
1 2
1 2

1 2
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5. Below is a list of some professionals who are sometimes involved in the design of
passive solar homes. Please indicate whether or not you consulted with each about
passive solar.

Professionals
Consulted?
YES NO

a. Architect
1 2

b. Builder
1 2

c. Engineer
1 2

d. Energy extension agent 2
e. Real estate agent
f. Other (Write in)

I 2

1 2

6. Please indicate whether or not each of the kinds of information listed below was
provided by these people.

Information
Provided?
YES NO

a. Expected performance of the system 1 2
b. Maintenance of the systems 1 2
c. Personal involvement with the system
d. Other (Write in)

. .

1

1

2

2

7. Below is a list of factors that may have influenced your decision to have passive
solar features in your home. Please indicate if each factor was very important,
somewhat important, not very important, or not at all important in your decision.

Factors

Importance?

VERY
SOME- NOT NOT
WHAT VERY AT ALL

a. Conserve national energy 1 2 3 4
b. Availability of state tax credit 1 2 3 4
c. Provide more comfortable environment
d. Have a greenhouse for indoor gardening/food

production

1

1

2

2

3

3

.4

4
e. Increase value of house

1 2 3 4
f. Protect family against fuel shortages 1 2 3 4
g. Availability of federal tax credit 1 2 3 4
h. Use renewable energy sources

1 2 3 4
i. Provide an attractive environment in which to live
j. Cost effectiveness of passive solar features

(payback period)

1

1

2

2

3

3

4

4
k. Save on fuel costs

1 2 3 4
1. Like exterior appearance

1 2 3 4
m. Prefer floor plan

1 2 3 4
n. Provide warm rooms without extra cost 1 2 3 4
o. Provide day lighting 1 2 3 4
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8. All things considered, how satisfied or dissatisfied a.e you with your passive solarhome?

1. VERY SATISFIED
2. SOMEWHAT SATISFIED
3. SOMEWHAT DISSATISFIED
4. VERY DISSATISFIED

9a. Next, I would like to ask about
Please answer as best you can.

(If you lived in your home only
here: ).

how much energy it took to run your home in 1985.
If your bills are handy, they could be very helpful.

during part of 1985, please put the number of months

Your cost
Approximate
amount usedEnerav for 1985? in 1985?

a. Electricity
COST KILOWATT

HOURSb. Heating oil
S COST GALLONSc. Wood

COST CORDSd. Natural gas
e. Other (Write in)

S COST THERMS

COST (Write
in purchase unit)

9b. Which of the above including solar is your main source of energy for:

WATER HEATING?

SPACE HEATING?

10. Whether or not you have previously
calculated energy savings, I would like to nowask you about bath estimated and anticipated energy savings. If your use of passive

solar does not apply to cooling, enter "0"% in the "Cooling" column. If it does not
apply to heating. enter "0".% in the "Heating" column. If you do net heat water with
a passive or active solar energy system, enter "011 in the hot water column.

Heating Cooling Hot water
a. When the solar features of your home

were designed, what percentage of your
annual heating and cooling needs did you
expect tnem to provioe, %

b. For the last year, what percentage of your
heating and cooling needs do you estimate
were supplied by solar'



114

11. Below is a list of aspects of your passive solar home. Please indicate how
satisfied or dissatisfied you are with:

VERY SAT- SOMEWHAT SOMEWHAT VERY DIS-
Asoect ISFIED SATISFIED DISSATISFIED SATISFIED

a. Energy savings 1 2 3 4

b. Heat distribution 1 2 3 4
c. Cooling distribution 1 2 3 4
d. Humidity control 1 2 3 4
e. Exterior design of house 1 2 3 4
f. Comfort level 1 2 3 4
g. General maintenance reouirements .

h. Effort and time required in daily
operation

1

1

2

2

3

3

4

4
i. Performance of mechanical components. 1 2 3 4
j. Floor plan 1 2 3 4
k. Internal noise level 1 2 3 4
1. Interior decorating 1 2 3 4

12a. Have you ever had problems with overheating in your primary living space as a result
of the passive solar features of your home?

L
21 YES (GO TO 12b)

NO (Skip to Question 13)

2b. If you have such problems with overheating, please answer the questions in the
table that follows.

a) For each season write down the average number of days per month in this
season when overheating occurs. If none, write O.

b) PTI indicate whether the rooms which overheat are rooms with southern
exposed glass and/or other rooms with no southern glass.

22ba 12bb

Average
M of Which rooms overheat?
days per

class rooms
Other

month it
Season occurs ? YES NO YES ND

a. Summer 1 2 1 2

b. Fall 1 2 1 2

c. Winter 1 2 1 2

d. Spring 1 2 1 2



12c. When your home overheats, how uncomfortable is your household?

1 VERY UNCOMFORTABLE
2 SOMEWHAT UNCOMFORTABLE
3 SOMEWHAT COMFORTABLE
4 VERY COMFORTABLE

13. The following table lists several kinds of problems some people have
experienced in their primary living space tnat are related to the passive solar
features of their home. For each problem listed please fill out the table.

13a. Please indicate whether or not you have experienced the problem. If "yes"
on with 136. If "no" go on to the next problem.

13b, For each problem, please indicate whether on not the problem has now been
corrected to your satisfaction.

Problem

13a

Ever
had?

13b
Corrected
to your
satis-

faction?
YES NO YES NO

a. Excessive glare 1 2 1 2
b. Excessive humidity 1 2 1 2
c. Condensation on windows 1 2 1 2

d. Extreme temperature swings 1 2 1 2

e. Nonresiliency of floors 1 2 1 2

f. High noise levels 1 2 1 2

g. Not warm enough 1 2 1 2

h. Inadequate weatherstripping or caulking . . . . 1 2 1 2

i. Excessive heat loss through aluminum windows. 1 2 1 2

j. Coverings for sloped windows 1 2 1 2

k. Inadequate shading by deciduous 1 2 1 2

1. Manual use of movable window insulation 1 2 1 2

m. Inadequate movement of heat 1 2 1 2

n. High windows or other glass areas cleaned
. . 1 2 1 2

o. Fading of furniture, walls, or coverings. . . 1 2 1 2

p. Lack of privacy 1 2 1 2

q. Excessive drafts 1 2 1 2

r. Rooms cool down too fast

s. Other (Write in)

1 2 1 2
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14. Below is a list of components which you may have and which may reouire manual
operation. Please indicate:

a) whether or not you have each component.
b) for each manual component that you have please indicate whether or not you

operate it as often as you should for temperature control.

14a 14b

Component

Have?

Operate
as often
as should?

YES NO YES NO

a. Interior movable win-
dow coverings (roller

b.

shade)
Interior movable rigid

1 2 1 2

c.

insulation
Exterior movable sun-

1 2 1 2

d.

screening device
Exterior movable rigid

1 2 1 2

insulation 1 2 1 2
e. Insulative draperies 1 2 1 2
f. Reflective panel 1 2 1 2
g. Vents 1 2 1 2
h.

i.

Fans
Other (Write in)

1 2 1 2

1 2 1 2

15. Please estimate the present market value of your hone? Do not include the cost of
the lot or land. If you are unsure of the value of your home, the assessed value of
improvements listed on your property tax statement is acceptable.

S DOLLARS

16. Is your home built on:

17. Is your home:

1 LESS THAN ONE HALF ACRE OF LAND
2 ONE HALF TO ONE ACRE DF LAND
3 ONE TO TWO ACRES OF LAND
4 THREE TO FIVE ACRES OF LAND
5 MORE THAN FIVE ACRES OF LAND

1 INSIDE THE CITY LIMITS
2 OUTSIDE THE CITY LIMITS
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18. Is the home in which you live:

I OWNED BY YOU
2 RENTED BY YOU
3 OTHER (Write in)

19. Which of the following best describes the building in which you live?

I ONE FAMILY HOUSE DETACHED FROM ANY OTHER HOUSE
2 BUILDING FOR TWO FAMILIES (DUPLEX)
3 BUILDING FOR THREE TO FIVE FAMILIES (ROWHOUSE)
4 BUILDING FOR SIX OR MORE FAMILIES (ROWHOUSE OR STACKED)
5 OTHER (Write in)

20. Which of these broad categories best describes the number of square feet in your
home? Do not include garage, unfinished basement, or space rented to members of
another household. Just your best estimate is fine.

1 LESS THAN 500 SQUARE FEET
2 500 THROUGH 999 SQUARE FEET
3 1,00D SQUARE FEET THROUGH 1,499 SQUARE
4 1,500 SQUARE FEET THROUGH 1.999 SQUARE
5 2,000 SQUARE FEET THROUGH 2,499 SQUARE
6 2,500 DR MORE SQUARE FEET

FEET
FEET
FEET

21. When did you move into your present home?

YEAR MOVED IN (If less than one year, what month?

22a. Did you claim the state or federal solar tax credit for the passive solar system in
your home?

State Credit Federal Credit

YES 1 YES

2 NO 2 NO
3 DON'T KNOW OR CAN'T REMEMBER 3 DON'T KNOW OR CAN'T REMEMBER

22b. As best as you can remember, how did the availability of state and federal solar
tax credits influence your decision to purchase and install a solar energy system?
(Please circle one number for the state tax credit and one for the federal credit.)

Without the State Credit:
1 I DEFINITELY WOULD NOT HAVE

A PASSIVE SOLAR SYSTEM
2 I PROBABLY WOULD NOT HAVE

A PASSIVE SOLAR SYSTEM
3 I PROBABLY STILL WOULD HAVE

A PASSIVE SOLAR SYSTEM
4 I DEFINITELY STILL WOULD HAVE

A PASSIVE SOLAR SYSTEM
5 DON'T KNOW

Without the Federal Credit:
1 I DEFINITELY WOULD NOT HAVE

A PASSIVE SOLAR SYSTEM
2 I PROBABLY WOULD NOT HAVE

A PASSIVE SOLAR SYSTEM
3 I PROBABLY STILL WOULD HAVE

A PASSIVE SOLAR SYSTEM
4 1 DEFINITELY STILL WOULD HAVE

A PASSIVE SOLAR SYSTEM
5 DON'T KNOW



23. To the best of your knowledge, in what year was your name ouilt?

YEAR BUILT

24. Now many square feet of windows does your home have in each
has no windows in any one direction, enter "0" square feet.
unattached spaces.

North:

South:
East:

West:

SQUARE FEET
SQUARE FEET
SQUARE FEET
SQUARE FEET

Please answer these Questions for yourself and your
partner (if you have one).

25. Your age:

YOURSELF

YEARS

26. Your sex: 1 MALE
2 FEMALE

27. Your highest level of education:

1 SOME HIGH SCHOOL
2 HIGH SCHOOL GRADUATE
3 TRADE SCHOOL
4 SOME COLLEGE
5 TWO YEAR COLLEGE GRADUATE
6 FOUR YEAR COLLEGE GRADUATE
7 SOME GRADUATE WORK
8 A GRADUATE DEGREE
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direction? If your home
Do not give footage for

spouse or other adult living

SPOUSE OR LIVING PARTNER

His/her age: YEARS

His/her sex: 1 MALE
2 FEMALE

His/her highest level of education

1 SOME HIGH SCHOOL
2 HIGH SCHOOL GRADUATE
3 TRADE SCHOOL
4 SOME COLLEGE
5 TWO YEAR COLLEGE GRADUATE
6 FOUR YEAR COLLEGE GRADUATE
7 SOME GRADUATE WORK
8 A GRADUATE DEGREE

28. How many people are living in your home?

PEOPLE

29. Which of these categories describes your total family income before

01 LESS THAN $10,000 07 $60,000 THROUGH $69,999

02 $10,000 THROUGH $19,999 08 $70,000 THROUGH $79,999

03 $20,000 THROUGH $29,999 09 $80,000 THROUGH $89,999

04 530,000 THROUGH $39,999 10 $90,000 THROUGH $99,999
05 $40,000 THROUGH 549.999 11 $100,000 OR MORE

06 $50,000 THROUGH 559,999

taxes in 1985?

30. If there was anything that I may have overlooked. please use this space for any
additional comments you would like to make about design and/or passive solar
Performance of your home.
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College of
Home Economics

April 15, 1986

Dear

Oregon
sale

Untiversity

Appendix 3: Introductory Letter

Corvallis, Oregon 97331 15031754-3551

A number of Oregonians are living in passive solar homes. In the
design of these homes, special attention was given to the collection
and storage of the sun's energy during the day and to the use of that
stored energy for heating the home in the evening.

I am asking those Oregonians who live in passive solar homes to help me
evaluate their solar systems and homes. In order that the results will
truly represent the thinking of the users of these systems in Oregon,
it is important that each questionnaire be completed and returned. I
would like the questionnaire for your household to be completed by the
adult who is most actively involved with the solar system on a daily
basis.

Your answers to this questionnaire are confidential. You will see an
identification number on the front of the questionnaire. This is so
your name can be checked off the mailing list when it is returned.
Your name will never be placed on the questionnaire or associated in
any way with the information you provide. However, the study is
voluntary, and if you do not want to answer, please let me know by
simply returning the blank questionnaire.

I believe it is important that the results of this study be brought to
the attention of solar professionals, potential solar owners, and
people concerned with state and national energy policies. If you would
like a summary (they are free) please write "send results" on the back
of the return envelope.

I would be most happy to answer any questions you might have. If so,
please call or write. My telephone number is (503) 754-4992. Thank
you very much.

Cordially,

Jeanette Brandt
Project Director
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Appendix C: Postcard Follow-up

April 22, 1986

Last week a questionnaire seeking your evaluation of your pas-
sive solar home was mailed to you. If you have already com-
pleted and returned it to me please accept my sincere thanks.
If not, please do so as soon as possible. In order for the
study to be representative of Oregonians' satisfaction and
dissatisfaction with their passive solar homes, it is extremely
important that yours also be included in the results.

If by some chance you did not receive the questionnaire, or it
got misplaced, please call me tonight, collect, and I will get
another one in the mail to you.

Sincerely,

Q5Qamotca.85,toma)(
Jeanette A. Brandt, Project Director, OSU
838-0859 - evening number



College of
Home Economics

May 7, 1986

Ore
University
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Appendix D: Second Follow-up Letter

Corvallis, Oregon 97331 1503) 75A 3551

About three weeks ago I wrote to you seeking your evaluation of the
solar system(s) in your home. As of today I have not yet received your
completed questionnaire.

I have undertaken this study because it is my belief that people who
are living in passive solar homes should have an opportunity to
evaluate their systems and that this information should be made known.
The summary information from the results of this study will be made
available to people involved with the housing industry i.e. builders,
architects, designers, educators, realtors, utilities, and other
interested people.

I am writing to you again because of the significance each
questionnaire has to the usefulness of this study. It is essential
that each questionnaire be completed and returned in order that the
results be truly representative of users of passive solar systems in
Oregon.

As mentioned in my last letter, the questionnaire from your household
should be completed by the adult who is most actively involved with the
solar system on a daily basis.

In the event that your questionnaire has been misplaced a replacement
is enclosed.

Your cooperation is greatly appreciated.

Solarly,

Jeanette A. Brandt
Project Director
Oregon State University


