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INTRODUCTION

For several years there has bheen a national effort to reduce
energy consumption in all sectors. This thesis focuses on
energy conservation efforts in the residential sector.

There are principally two reasons for the residential sector
focus.

1. Twenty five percent of all energies consumed
in the United States are used for space heating
and cooling and for domestic water heating in
homes. !

2. Much of the energy used in today's homes is
Wwasted. For example, results from experiments inm
townhouses at Twin Rivers, New Jersey demonstrated
that using ordinary structural retrofitting tech-
niques it was possible to attain a two-thirds re-
duction in space heating fuel use at a very rea-
sonable cost.?

Currently, monitoring of progress in residential energy
conservation is primarily managed through the use of energy
audits. These audits are used to gather information for tuo
distinctly different energy-related applications. The first
is when a physical inventory is desirable as a basis upon
which to make decisions concerning home remodeling to con-
serve energy. The second application is when basic empiri-
cal information is gathered for the purpose of making infer-
ences and testing hypotheses about appropriate community or
national enerqy policies.

It is, of course, the quality of the evaluation audit and
the facility with which the audit is interpreted that deter-
mines the usefulness of audit resuwlts. For the purposes of
physical inventory, structure-based audits are appropriate
and have been highly refined both in their content and in
their application. However, for the purpose of prediction,
audits currently in use are often inadequate since they

t Robert Stobaugh and Dariel Yergin, eds. Energy Future,
(Random House, 1979), p.123.

2 Frank W. Sinden, "A Two-Thirds Reduction in the Space Heat
Requirement of a Twin Rivers fTownhouse," Saving Energy in
the Home, ed. Robert H. Socolow (Ballinger Publishing Co.,
1978) , pp.£3-100.



frequently measure only structural attributes and none of
the occupant-related attributes of an occupied dwelling.
This is a significant concern since it has been shown that
structure-based characteristics are not necessarily the pri-
mary causes of enerqgy use variance in a home.3 Predicting
home enerqy censumption/conservation using structure-based
audits presents at least two significant problems.

1. Assumptioms are made that each energy conser-
vation feature is fully used. In practice, the
degree of utilization is determined by the occu-
pant's behavior. For example, storm windows left
open are not effective.

2. Assumptioms are made that no other changes oc-
car as a result of the presence of a new energy
conservation feature. In fact, once a feature is
installed, the occupant may change his/her behav-
ior for the better or for the worse in the home or
in another sector.* The net effect is unpredicta-
ble using current audits and may neutralize or
double the energy savings possible with the fea-
ture installed. An example of changing behaviors
is the family who, after having bought a !solar?
home, feel they have done their conservation duty
and become less careful about turning off unused
lights.

The limited research to date, which will be discussed in
the next chapter, indicates that a multidimensional approach
is essential for measurinrg and predicting the potential for
energy conservation in the residential sector. Researchers
in each of the studies cited agree that some mix of energy-
related attitudinal, demographic, behavioral, and structural
variables will be required for a predictive auditing tool.

This thesis adopts the suggested multidimensional ap-
proach and investigates in a community setting the relation
between occupant dispositions (attitudes, demographics, and
actions), and physical features (such as insulation levels,
infiltration control, etc.) as they effect enerqgy consump—
tion.

3 Robert C. Sonderegger, "Movers and Stayers, The Resident's
Contribution to Variance Across Houses in Energy Consump-
tion for Space Heating," Saving Energy im the Home, ed.
Robert H. Socolow (Ballinger Publishing Co.,1978),
pp.207-229.

4 Jan Hamrin, YEnergy-Saving Homes: Don't Bet on Techunology
Alone," pPsychologqy Today, (Apr. 1979), p.32.



specifically, this thesis discusses:

1. the process used to single out five structural
and occupant characteristics of occupied single
family dwellings in Marysville, Kansas which are
primary contributors to variance in metered energy

consumption, and;
2. the strong ability of those characteristics to

predict the the variance in metered enerqy con-
sumption,

The result is that a mix of occupant and structural varia-
bles is shown to improve the ability to predict metered en-

erqy consumption in dwellings.



CHAPTER 1 - LITERATURE REVIEW

Natiomal Surveys

Many national surveys have been conducted to gather basic
empirical data concerning residential energy use. These
studies are discussed in detail in the report of the Monitor
Project ({Beck, Doctors, and Hammond, 1980). In general, the
national studies focus primarily on three issues.

1. Individuals' beliefs about the reality of and
the need for energy conservation.

2, Individuals' belief about who, if anybody, is
respousihle for the energy crisis.

3. Individuals' self-reports of conservation be-
haviors (the bhias in self-reports in these early
studies is not quantified).

According to the Monitor Project, Americans are able to sus-
tain a belief in the need to conserve energy only so long as
crisis situations are perceived to exist; opimnions as to who
is responsible for enerqgy crises vary with the crisis situa-
tion; and self-reports of conservation behaviors rise during
crisis periods, and fall during non-crisis periods.

These national studies are useful as background but are
still too general to provide specific guidance in the selec~
tion of variables for the thesis research.

surprisingly little research exists which examines spe-
cific relationships between attitudimal, demographic, beha-
vioral, and structural variables affecting energy use in oc-
cupied dwellings. There are perhaps only three studies
which specifically attempt to use a few behavior-based pred-
ictor variables to predict either self-reports of conserva-
tion activities or measured energy use. The following is a
discussion of those three studies as well other research in
relation to the Marysville study.



The Movers and Stayers Study

In 1976, Robhert Sondregger determined in townhouses in New
Jersey that the effect of the homeowner was more the cause
of variance in an occupied dwelling's energy consumption
than was the house’s structure. The study did not look at
specific structure or occupant attributes which miqht be af-
fecting energy use, but took instead a more general look at
why there was so much variation in emerqgy consumption across
seemningly identical houses. The report suggests that the
the significance of the results is in their guidance of
public policy. That is, "to concentrate atteantion on the
residents, clarifying by research and subsequent publicity
the kinds of actions that have energy penalties and savings
and their magnitudes®.$S

Attitudes, Behaviors and Enerqy Consumption

Seligman, Darley and Becker (1978) isolated behavioral at-
tributes related to electricity use for air conditioning
which could account for the observed variance in sunmer
electricity use. The results of their investigation (also
carried out at Twin Rivers, Ne¥w Jersey) showed that

"1, homeowners' attitudes toward energy can be
conceptualized into a few basic factors, and 2.
that these attitudimal factors can predict actual
energy consumption. Homeowners perceived their
use of energy according to their judgement of the
ef fect of energqy conservation on their personal
comfort and health, the effort required to con-
serve and the monetary payoff for doing so, the
ability of the individual to have an impact on the
energy problem, and their belief that the crisis
is legitimate. Together, these factors were capa-
ble of explaining a total of fifty percent of the
variance in actual electric consumption. Examined
singly, the comfort and health factor, the high
effort, low payoff factor, and the role of the in-
dividual factor were significant predictors of en~-
ergy use. The comfort and health factor emerged
as the best single predictor of consumption ac-
counting for a greater percentage of consumption
variance than any other factor.

A second survey of sixty-nine couples was con-
ducted in September 1976 in the same community to
attempt to confirm the general results of the

% op. cit., Sondregger, p.208.



first survey. The results of the second survey
showed that the same factors reemerged and that
together they again accounted for a sigmnificant
portion of the variance. However, in the second
survey the comfort and health factors were the
only statistically significant predictors of actu-
al energy consumption.®"®

The Marysville study adopted several of the guestioas
used at Twin Rivers and added to them similar guestions
which were modified to measure attitudes about wintertime
energy use for heating. These are discussed in detail in
chapter 2. The results in Marysville clearly support the
importance of the health and well being factor, especially
as it relates to summertime cooling. In addition, a measure
of the belief in the crisis was significant enough to be in-
cluded among the five most important predictor wvariables in
the Marysville study. However, belief in the crisis was ov-
ershadowed by demographic variables of family iancome and av-
erage age of home occupants and the summertime health and
well being factor.

The Momitor Project

The report of the Monitor Project (Beck, Doctors, Ham-—
mond, 1980) in Allegheny County, Pennsylvania describes the
Project's efforts to predict self-reports of coanservation
activities in several areas using demographic, situational,
attitudinal, and perceptual predictor variables. Of parti-
cuylar interest to the Marysville study was their research in
the area of general conservation.

Attituvde Variables

The Monitor Project measured attitudinal predictor variables
of political confidence, political trust, sophistication,
energy conservation, general comservation, energy pessimism,
cost consciousness, and non materialism. Of these, cost
consciousness, sophistication, concern, and non materialism
were eventually determined to be the best predictor varia-
bles.

& Clive Seligman, John M. Darley, and Lawrence J. Becker,
"Behavioral Approaches to Residential Enerqy Conserva-
tion", Saving Enerqy in the Home, Robert H. Socolow (Bal-
linger Publishing Co., 1978), p.241.



The strongest predictor of energy use in the Marysville
study is the education of the head of the household. This
result would seem to support the Monitor Report's findings
concerning the importance of sophistication (of thinking
abont enerqgy), and the ability to evaluate economic options
(cost consciousness). Presumably, those with more education
are nore likely and better able to evaluate cost-related en-
ergy decisions. The Marysville study also identified the
importance of home occupants' concern or belief in the exis-
tence of an energy problem. Non materialism, identified in
the Monitor study, was not measured in the Marysville study.

Activities measured in the Monitor Study were the addition
of attic, roof and wall insunlation, weatherstripping, storm
windows, shutting off heat im unused rooms, lower thermostat
settings at night, and setting thermostat at sixty-eight de-
grees or less during the day. Ian the Monitor Study, a score
developed from thesSe measures was used as the dependent va-
riable for the study. How each of these variables, in con-
Junction with attitudinal, demographic and structural varia-
bles affected actual energy use im a home was not measured.

The Marysville proiject measured each of the activity va-
riables measured by the Momitor Study. 0f these, only ac-
tivities of adding attic, roof and wall insulation emerged
as sufficiently strong predictors of enerqy use. ©0f the
combipned attitudinal, demographic, activity and structural
variables, the activities variables were the least success-
ful predictors of energy use.

Demographic Variables

The Monitor Study neasured demographic variables of sex,
education, income, age, race, and income decline., In anoth-
er stuly, Newsan and Day {1975) have placed particular em-
phasis on the importance of race. They suggest that race
{(white, black and hispanics are the divisions coammonly used)
may have a great deal to do with enerqgy consumption, because
of its relation to income, education, and housing stock type
and guality.

The 1980 Natiomal Cemsus data for the City of Marysville,
shows less than one percent of the households as being black
or hispanic.? For this reason, the effect of race on enerqy

? U.S. Bureau of the Census, 1980 Census of the Popuilation,



consumption was not measured in the Marysville study.

Income decline, as defined by :the Monitor Study, has to
do with the phenomena that people who expect energy prices
to outstrip their ability to pay for energy are more likely
to undertake energy conservation activities. The Marysville
study did not address this issue specifically, although the
general effects of income, education, and the belief in an
ongoing enerqy problem are measured. As has been mentioned,
education and belief in the crisis were identified as being
very important predictor variables in -the Marysville study.

Other Research

Though there are many audits which measure structural varia-
bles, the sState of Kansas currently uses the Audit For Con-
servation Today (ACT)} ({(Phil Dubach, 1981). ACT is a revised
version of the federally mandated Residentjal Conservation
Service (RCS) (U.S. Department of Energy, 1980) audit. ACT
measures approximately ninety physical variables such as
building skin construction techniques and insulation levels.
Questions such as *number of home occupants! which appear to
measure behavioral data, are used to estimate physical par-
ameters such as guantity of energy consumed to heat wvater,
or amount of air infiltratiom from opening doors.

Perhaps the most iamportant finding of the research at
Twin Bivers (Sondregger 1978) was that the majority of ex-
plained variance between actual and expected energy use in a
group of townhouses was caused by the occupants, not by the
structure, They found that the effect of the occupants was
overwhelming to the degree that they could not predict the
energy use of the living unit from one occupant to the next.

"Tn a sample of twenty eight identical townhouses,
variation in enerqgy consumption was found to be as
great as two to one. Since these houses are iden-
tical in floor plam, position in the interior of a
townhuse row, builder, constructiom materials, and
climate, it is likely that most of the consumption
variance is due to the different behavior of the
people in the houses. Finally, even after houses
had been successfully retrofitted (with twenty to
twenty five percent savings), the variance in en-
ergy consumption among the houses remained almost
the same as it was before the retrofits took

Vol. 1II, (Washington D.C.: ®Government Printing Office,
1982) , p. 122.



place, and the rank order hardly changed."?®

Structure-based, thermal simulation audits {such as the
ACT) require a relatively high committment of time and ef-
fort. Although these audits presumably portray accurately
the theroetical performance of a building in the absence of
variance produced by occupant actions, the previously mean-
tioned research provides evidence that structure-based ther-
mal analysis procedures will not predict {better than
chance) the actual performance of occupied dwellings.

For this reason, and because of limited time and finan-
cial resources, a modified form of the Wational Association
of Realtors (NAR) energy features auditing method was adopt-
ed for the thesis research {National Association of Real-
tors, 1980).

The National Association of Realtors uses one of the few
enerqgy audits which recognize the effects of the home occu-
pant on energy use. Because NAR recognizes that a homeown-
er's lifestyle affects fuel consumption tremendously, they
reconmnend use of an audit which compares measured energy use
per square foot with the expected energy use given the num-
ber of 'erergy features' in that home, Energy features are
reconmended according to the climate zone in which the home
is located. If the home'’s utility bills are either lower or
higher than one would expect given the number of enerqy fea-
tures present, then the Realtor assumes the unpredictability
was caused either by the previous owner's enerqy use behav-
ior or by some unknown factors in the building's structure.
In either case, the Realtor is cautioned not to make any
promises about the utility bills to the prospective hone
buyer., Energy features include essentially amy building
feature which may reduce the guantity of energy a home uses.
For example, thermal resistance insulation, storm doors and
windows, vent dampers, zoned heating and cooling systeas,
clock thermostats, water flow controllers and other similar
features are common 'epergy features'.

For the thesis research, energy features in quantities
appropriate to Marysville were determined using WAR guide-
lines before fieldwork began. Homes in the sample were rat-
ed by observing the features present and the degree to which
they conformed to the standards set forth (See appendix D).
This approach allowed for representation of physical fea-
tures in the analysis without spending umavailable and pos~-
sibly unwarranted time collecting the data.

8 Seligman, Darley, and Becker, op. cit., p.232.
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In 1981, a pational survey commissioned by Sardeans For
All and conducted by the Gallup Organization entitled, The
Impact of Home and Community Food Gardening on America,
found that the a very good predictor of energy conservation
actions was gardening.? The Marysville study measured wheth-
er or not dwelling occupants had had a garden during the
year previous to this study; whether gardering, indoors or
out, was a regular activity; and the types of plants grown.
None of these measures proved to be a significant contribu-~
tor to the prediction of energy use in the dwelling.

9 Bruce Butterfield, ed., The Impact of Home and Commupity
Food Gardening on America, (Gardens For all, 1981),
pp.-24-26.



CHAPTER 2 - RESEARCH DESIGN

Saspling Hethod

In October of 1982, a stratified (by dwelling age) randonm
sample of 5% (67) of the homes in Marysville, Kansas was se-
lected from the Marshall County assessor's records of dwell-
ings in Marysville. Marysville was chosen for two reasons.

1. Because of the availability of upper level un-
dergraduate and graduate architectural, plaaning
and landscape architecture students enrolled in a
joint design studio at Kansas State University for
the purpose of studying the uses of energy and the
potential for greater energy independence in Mar-
ysville, These students, plus Marysville resi-
dents, were used to gather the data for the study.

2. Manageable size. The 1980 census shows 3670 re-
sidents in 1340 households.10 Five percent of 1340
households required a sample of sixty seven house-
holds. This was deemed to be manageable during the
six to eight weeks available.

sampling of homes was stratified by the year of the
home's original construction in order to coatrol for dwell-
ing age; initially thought to be a major determinaant of en-
erqgy consumption. Results of the study indicate that the
original construction date had very little to do with the
present condition of a home and therefore is not likely to
be a significant predictor of dwelling enerqy use.

During October and November of 1982, students from the
design studio as well as volunteers from Marysville were
trained as interviewers and auditors before being sent into
the community to collect data on energy related structural,
attitude and demographic variables. Respondents were told
that the project was a uses—of-energy survey and that the
survey would require approximately thirty to fourty-five mi-
nutes of their time. If the respondent indicated he/she
would not allovw her/himself to be interviewed, them a re-
placement was chosen from a list of extra, randomly chosen
homes., Care was taken to replace with homes from the same

1¢ (J.S. Bureau of the Census, op. cit., p. 122.

- 11 -



12

age group. If, after three contacts, no one was found at
home, then the home was similarly replaced. Contacts vwere
made between the hours of eight im the morning and seven in
the evening. Eventually, because of time constraints, res-
pondents were contacted imn only fifty six of the homes. .
This resulted in a four percent sample being taken.

Research Instruments

Respondents were limited to the head of the household or the
spouse, Four individual research instrumeats were used.

1. Pace to face interviews containing one hundred and
four questions ahout the dwelling type, occupant demograph-
ics, oun/rent status, value of the home, heating and cooling
uses and fuels, occupant activities related to general
weatherization, occupantts participation im activities cor-
related to energy conservation activities {ie: gardening).,
and occupant's willingness to participate imn further energy
related studies (see Appendix A).

2. At the conclusion of the interview, respondents were
asked to authorize the release of fuel use data by the local
utility (see Appendix B). Metered natural gas and electric-
jty data for the thirteen months previous to and including
November 1982 were collected.

3. Before leaving the home, interviewers left one or two
attitudes—-about-energy surveys for the head and, if living
in the household, spouse to complete (see Appendix C). They
were told to complete the forms independently during the
pext few days; they would be picked up by an audit team
within one week.

The energy attitudes survey consisted of eighteen state-
ments about enerqy use representing eight conceptual areas.
Items 'a' through 'f£? are concepts identified by the Twin
Rivers study {Seligman, Darley & Becker, 1978). Item 'g' is
a modified form of item 'a'. Item 'h*' is an entirely new
concept introduced in the Marysville study.

a. Perceptions of the effect of summer enerqgy
conservation on the health and well-being of the
occupants. (ex: How essential is it to your per-
soral health and well being for the house to he
airconditioned in the sunmer?)

b. Belief in the reality of the energy problen.
{ex: The energy crisis certainly doesn't warrant
all the attention givem to it in the last few
years.)
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C. Perceived returans for the inconvenience of
conserving energy. (ex: Trying to save a few
pennies a day conserving ererqgy is just not worth
it.)

d. The morality of energy consumption/conserva-
tion. {ex: It is immoral to consume any more en-
ergy than I absolutely need.)

e. The individual's faith in technology's abili-
ty to solve the problem. (ex: Americamn technolo—-
gy in the past has come to grips with all major
crises and it will no doubt soon discover a solu-
tion to the energy problem.)

f. The role of the individual in energy conser-
vation. {ex: Consumers have the right to use as
mich energy as they want and carn pay for.)

g. Perceptions of the effect of winter enerqgy
conservation on the health and well-being of the
occupants. {exs; While others may be willing to
set their thermostat lower in the winter, my own
need for a very warm house is high.)

h. Belief in the immediacy of the problem. ({ex:
To what degree do you think it possible that, for
vhatever reason, your supply of heating fuel may
be cut off in the near future?)

Responses to the questions were made on a seven point
scale much like that used in the Twin Rivers study (Selig-
man, Darley and Becker, 1978). Questions ¥were randomly ord-
ered on the survey except for the measures of family inconme
and education. Respondents were allowed to mark boXxes then-
selves indicating their income and level of education rather
than provide this information to an interviewer. It was
felt that by gathering this potentially sensitive infornma-
tion in this way, a higher response rate might be achieved
by providing a greater sense of privacy.

4. The fourth instrument was a physical audit performed
by teams seperately chosen and trained lbecause of their pri-
or experience with energy auditing and building comstruction
(see Appendix D). Before the data gathering began, a
windshield survey of Marysville indicated that the residen-
tial building stock was generally homogenous in size, con-
struction and form. In addition, research in other locali-
ties had indicated that detailed building features, if
possible to classify at all, were probably not as important
in predicting emerqgy consumption as were occupant attitude
and demographic variables {see Chapter 2, section Other Re-
search for a discussion of this assuaption):. These issues,
combined with time and personnmel constraints, lead to use of
the 'enerqgy feature?' auditing method. 1In addition to the
enerqy features audit, a solar access evaluation was per-
formed although this information was not used in the re-
search reported in this thesis.
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Internal Validity

The study of behavioral effects in residential enerqgy con-
sumption is still very young. Standardized testing instru-
ments and procedures, like those which exist in some other
fields of study, have not been developed for these studies.
In the absence of broadly accepted testing instruments and
procedures, the Marysville study chose to draw procedures
and measures from the few research examples available and
either use them as they stand or with slight modification.
However, combining the various procedures to measure ob-
served energy use does not appear to have precedent and
therefore can only be evaluated in this instance by the face
validity of the procedures, internal measures of validity,
and the believeability of the results.

Face Validity of the Procedures

The introduction and the literature review provide a dis~-
cussion of the rationale used to arrive at the approach of
corbining structural, demographic, attitudinal and activity
variables as predictors of observed energy use in an occu-
pied dwelling.

Internal Heasure of Validity

A common test of internal validity is the analysis of the
content of measures which tend to vary similarly. If varia-
bles are measuring something other than that which they were
designed to measure, they tend mot to cluster with identifi-
able common themes. Analysis of variables which cluster to-
gether in the Marysville study show that clusters do indeed
have common themes. These are discussed in the next chap-
ter.

Face Validity of the Besults

The results of this research can be compared to other
studies only partially; that is, important energy-related
attitudes identified in the Marysville study can be compared
with those identified in the Twin Rivers {(Seligman, Darley,
and Becker, 1979) studies, but the combined predictive poten-
tial of attitudinal, behavioral, structural and demographic
variables has only been tested in the Marysville study.

Overall, results of the Marysville study compare favora-
bly with those of both the Twin Rivers research and the Mo-
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nitor Project. A discussion of those comparisons may be
found in Chapter 1 -~ Literature Review.

External Validity

As is often the case, the choice of this research design
presented both advantages and disadvantages.

The chief advantage was the reduction of variables in the
study hecause it was not necessary to modify the amalysis of
dwellings to account for multiple unit buildings, widely
differing construction methods and materials, or diverse
plantings and vegetation., Similarly, the lack of racial di-
versity, and the lack of a widely divergent social and cul-
tural makeup within the city allowed a simplified amalysis
which may not be possible in a more urbanized context.

Ironically, the homogenous structural and demographic
character of Marysville which alloved a simplified analysis,
also requires that the generalizability of the study be lim-
ited to cities of a size and character similar to Marys-
ville. However, one must remember that although there is no
other study with which to compare the predictive ability of
the mixed variables as they were used in the Marysville stu-
dy, the importance of the individual attitudinal, behavioral
and demographic characteristics identified agree very well
with those identified in other studies.



CHAPTER 3 - OBSERVATIONS

Overview

As has been previously discussed, the purpose of the Marys-
ville study is two-fold. First, it identifies a few mea-
sures of structural, attitudinal, demographic, and behavior-
al attributes of occupied single family dwellings which have
been shown to be related to energy use in homes. Second, it
tests the combined ability of a few of ‘those measures to
predict reliably the observed energy use in an occupied
dwelling.

The hypothesis is that -just a few of the many measures
currently known to effect energy use in occupied dvellings
are responsible for most of the variance in the observed en-
ergy use. If this is true, it should be possible to first
identify those primary variables and then quantify their ef-
fects. The goal of these actions would be the development of
a '"short form' emergy audit with greatly enhanced usefulness
as a predictive tool.

Initially, it was determined that factor analysis would
be used to identify dimensions or groupings of variables
which were similar enough to be characterized and tested in
combination as predictors of variance in the dependent vari-
able metered emergy coasumption. Unfortunately, the parane-
tric factor analysis available on Kansas State University's
Statistical Analysis System reguires more observations than
were available in this study. Alterpatively, an item amaly-
sis proceedure was used to arrive at groupings of strongly
associated variables.l! These groupings ¥ere then tested
{using nonparametric analysis procedures) in combination
with pivotal variables as predictors of metered energy con-
sumption using a multivariate regression proceedure. The
result is a five variable regression model which predicts
through independent and interactive effects approximately
fifty eight percent of the variance in netered energy con-
sumption.

1t Earl R. Babbie, The Practice of Social Research, 2nd Ed.,
{®Radsworth Publishing Co., Inc., 1979) pp.407-408.

- 16 -
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Correlation Amalysis

The sample selected for the Marysville study is a small
sized sample ard the variables of interest in the study are
measured using nominal or ordinal scales. For these rea-
sons, the nonparametric Spearman Correlation proceedure was
used to get an initial fix on the associations among the
fifty-eight variables in the data set {see Appendix E).12
Variables with no correlation coefficients greater than .45
were deleted and another Spearman proceedure was performed
on the remaining fourty one variables (also see Appendix E).
This reduction process had the effect of condensing variance
and strengthening the significance of correlations.

A correllogram {Figure 1) represents the association of
the variables after the second proceedure by graphically il-~
lustrating the orthoqonal connections, strengths, and direct
or inverse relationships of the variables remaining in this
study. The correllogram clearly shows five clusters of va-
riables. These are the summer health and vell being, winter
health and well being, number of occupants, ages and rights,
and the insulation clusters. In addition, it shows pivotal
variables which seem to connect the clusters. These are the
average age of all the dwelling occupants {Avgall), the av-
erage age of the children in the dwelling (Avgchld), the
household income (v_130), the education of the head of the
household (v_131), attitudes about the morality of energy
conservation {v_122), and a measure of the perceived returns
for the bother of conserving (v_129). Several variables
which were only associated weakly with one other variable
were deleted for clarity from the correllogram.

t2 sidney Seigel, Nomparametric Statistics for the Behavior-
al Sciences, {(McGraw-Hill Book Company, Inc.), pp.18-20,
202-213.
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To identify the variables within each cluster which are
most strongly associated with the cluster as a whole, a va-
riable for each cluster was created which is the sum of the
raw scores for each variable within that cluster. ‘The vari-
able created, therefore, represented the total variance of
that cluster. By again using a Spearman Correlation procee-
dure to compare the variance of each measure within a clus-
ter with the total variance of that cluster, a measure of
the strength of the association between the individual vari-
ables and total cluster was achieved. These associations
are reported in Tables 1 through 5.
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Table 1 is composed of airconditioning variables, principal-
ly those concerned with the perceived effect of aircondi-
tioning energy consumption/conservation on the occupant's
health and well-being.

TABLE 1

Correlation of Cluster Variables With Total Cluster
Yariance — Sunmer Health and Well Being

Rank Variable Corr. Coefficient Signif.?

o T T I L N T N T T N T T T T T ST NSRRI

1 High need foar -87428 .0001
being cool ian summer.

2 Difficult to fall -84609 -0001

asleep in summer
without aircon.

3 Essentialness to - 12057 0001
personal health and
well being of aircon.

4 Mot worth it to sweat .65613 0001
some in summer to save
a little energy.

5 Presence of central +L44890 . 0025
airconditioning.

6 Presence of extra «33993 «0395
glazing or storas.

7 Presence of window ~+22760 . 1373
airconditioner.

iprob > }jR] under Ho : Rho = 0

S s e b N g S S s S g S e o, e D i S S e A gmas Gl s R S b W e
-lu-ﬂ_“—'-i.-l”l-_n-—ﬂ—-nh-m_-h.—.—uaﬁl-——ﬂ-ﬁl-n-—“—po-—d
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Winter Health and Hell Being Cluster
Table 2 is composed similarly to Table 1 though the varia-
bles measure heating values and the perceived effect of con-
sumption/conservation of heating energy on the occupants
health and well being.

TABLE 2

Correlation of Cluster Variables With Total Cluster
Variance -~ #inter Health and Well Being

Rank Variable Corr. Coefficient Signif.t

1 Degree of discomfort .77818 .0001
if 68 deg. maintained
through winter.

2 Energy crisis is due 70714 L0001
to real worldwide
shortages of fuels.

3 Effect to health and . 70728 L0001
well being if 68 deq.
maintained thru winter.

4 High need for very 64137 .0001
Wars house.
5 How much has overcon- .H43067 - 0087

sumption contributed
to energy problems.

6 Thermostat setting .31770 - 0356
in winter.

iprob > |R] under Ho z Rho = 0

[ s e e o, B g e N i e G g S S G e Se g GHEG G S e W A G T e
R R e T T e ————
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Total Number of Dwelling Occupants

Table 3 is composed of five variables. The first variable
is a measure of the occupant's belief that the energy crisis
does or does not warrant all the attention givem to it in
the last few years. The other four variables are measures
of the number of chldrem {age 1 to 17), the number of adults
{age 18 to 59}, the number of elderly (age 50 and older),
and the total number of dwelling occupants {children +
adults + elderly}. The number of people ia the household
and the belief in the crisis relation is a difficult associ-
ation to explain. Perhaps yvounger families {which have more
people in the home) have a different perspective on the re-
ality of the crisis than do older households (which tend to
have fewer occupants).

TABLE 3

Correlation of Cluster Variables with Total Cluster
Variance - HNumber of Dwelling Occupants Cluster

Rank Variable Corr. Coefficient Signif.1t

R T S T T N T T I S T T L T e e e T T T IR

1 Energy doesn't war- -60903 - 0001
rant all the attention
given to it.

2 Number of childrem in .56595 .0001
the dwelling.

3 Total number of « 53684 .0001
dwelling occupants.

4 Number of adults in 28012 « 1121
the dwelling.

5 ¥Number of elderly ia - 02760 .8572

the dwelling.

iProb > |R} under Ho : Rho = 0

[ v el e e Sl e e et e St e G A Soridt i, ki S G S G e Sy
Vo e dsiten Bl ip S g S SEES g e e e APUR S g R B SN G M SaE e G g
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Ages and Rights Cluster

Table 4 is composed of three variables. Two variables mea-
sure the average ages of adults and elderly, and the third
measures occupants belief that consumers have the right to
use as much energy as they want and can pay for. On the
surface this is another difficult association to explain.
Perhaps older people, because of their concern with their
health and their experiences with availability and cost of
fuels, feel differently than young people about having all
the fuel they want aand can pay for.

3

TABLE 4

Correlation of Cluster Variables With Total Cluster
VYariance - Ages and Rights Cluster

Rank Yariable Corr. Coefficient Signif.1
1 Average age of adults .B87301 0001
in dwelling.
2 Average age of -65041 - 0001
elderly in dwelling.
3 Consumers have right -.19882 « 2381

to use as much enerqy
as want & can pay for.

tPprobd > jR| under Ho : Rho = 0

o e i P s e S g B M i B i N i S W i T o, O
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Insulation Cluster

Table 5 is composed of two variables which measure the pres-
ence of wall and attic insulation, and two variables which .

measure actions taken by the occupants to install attic and

wall insulation.

TABLE 5

Correlation of Cluster Variables With Total Cluster
variance - Insulation Cluster

Rank Variable Corr. Coefficient Signif.t
1 Presence of wall ins. .81402 .0001
2 Presence of attic ins. .77162 .0001
3 Action taken by occ- ~ .59880 0001
upant to add attic
insulation.
4 Action taken by occ- .57285 0001
upant to add wall
insulation.

i1Prob > |B)| under Ho : Bho = 0

G e D B G M G R Sk e S A Gk S So S S i Vi g
o s e e SR P G G T N e P e S e Sk e S e e S

Pata Reduction

Remember that the goal is to test the ability of just a
few variables to predict a large portion of the dependent
variable. To reduce the total number 0f variables uader
consideration, only two or three of the variables in each
cluster were retained. This was a somewhat subjective pro-
cess guided by the strength (as reported ir Tables 1 through
5) of the association of each variable with the cluster in
which it appears. Retained variables are reported in Table
7, which details the content of the fimal regression model.
After the variables to be retained in each cluster were cho-
sen, a new value for the total variance of each cluster was
calculated by summing the raw scores of the retained varia-
bles. This value was used in the regression proceedure as
the regressor variable representing each cluster.
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Begression Amalysis

The fipnal step in the analysis was to test the ability of
the variables identified to predict variance in the depen-
dent variable ohserved energy use. Eight independent varia-
bles have been identified.

1. The variance of the retained variables in the
summer health and well being cluster.
2. The variance of the retained variables in the
winter health and well being cluster.

3. The variance of the retained variables in the
number of dwelling occupants cluster.
4, The variance of the retained variables in the

ages and rights cluster.

5. The variance of the retained varlahles in the
insulation cluster.

6. The average age of all the dvwellimg occupants.
7. The family income.

8. The education level of the head of household.

The average age of the children, which appears on the cor-
rellogram as a pivotal variable with many associations to
other variables, could not be tested because of an insuffi-
cient number of households with children in the sample.

A Stepwise Maximum B2 Improvement proceedure was used to det-
ermine the portion of total variamce (in BTUO's) of the dependent
variable observed emerqy use which is explained by each of the
independent variables.!3

Stepwise is most helpful for exploratory analysis when one
wants to determine which of many variables should be included in
a regression model., MaxR is a method of model selection inple-
mented in the Stepwise proceedure. MaxR is a forward selection
with pair switching method.!*

"gnlike other selection techniques, the MaxR method
does not settle on a single model.,  Instead, it tries
to find the best one-variable model, the best two-vari-
able model, and so forth, although it is not guaranteed
to find the model with the largest R2 for each size.
The MaxR method begins by finding the one—-variable

13 Pred N. Kerlinger and Elazar J. Pedhazur, Multiple Re-
gression in Behavioral Research, {N¥ew York University:
Holt, Rinehart and Wimston, Inc., Publishing Co., 1973)
pp. 290-295,

14 See Hocking, B.B. {1976), "The Analysis and Selection of
Variables in Linear Regression," Biometrics, pp. 32,
1-50.
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model producing the highest R2., Then amother variable,
the one that yields the greatest imcrease in R2, is ad-
ded. Once the two-variable model is obtained, each of
the variables in the model is compared to each variable
not in the model. For each comparison, MaxR determines
if removing one variable and replacing it with the oth-
er variable increases R2, After comparing all possible
switches, the one that produces the largest increase in
R2 is made. Comparisons begin again, and the process
continues until MaxR finds that no switch could ian-
crease R2. The two~-variable model thus achieved is
considered the 'best' tvwo-varible model the technique
can find. Another variable is then added to the model,
and the comparing- and-switching process is repeated to
find the 'best' three-variable model, and so forth%,1s

Ideally, the B2 contribution of each independent va-
riable in a regression model should be independent of
the contribution from each of the vother wariables in
the model. In actuality, this rarely occurs. A por-
tion of the contribution to the total RZ2 of the model
is a result of interactive effects between variables.

Table 6 illustrates the relation between RZ total,
R2 contribution due to independent effects, and R2 con-
tribution due to interactive effects between variables.
Table & serves to make clear the preferability of the
five variable model by showing that the five variable
model exibits the maximum improvement in total R2?, max-
imum independent R2, and the minimum R2 due to interac-
tive effects. The five variable model identified pred-
icts approximately fifty eight percemt (R2 = .5758,
Prob>F = .0109) of the variance in total energy use.
The independent contribution of all five variables to-
tals 55% {(R2 = _5506) with interactive effects hetween
variables accounting for 3% (R? = .0252) of the vari-
ance in the dependent variable.

135

SAS Institute Inc., SAS User's Guide: Statistics, 1982 Editionm,
(Cary, NC: SAS Institute Inc.,) p. . 102.
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Tabular Data

Number R2 R2
vars. Interactive Independent RZ

in Model effects effects Total Prob>F
1 0 . 286 -286 .0103
2 « 1069 «2954 5020 .0075
3 0737 -3948 - 4685 . 0086
4 .0739 - H4TY .5213 .0104
5 -0525 - 5506 . 5758 .0109
& L0624 .5418 L6042 L0164
7 . 0886 -5297 «6183 « 0291
3 2091 .4135 L6226 «0553
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Table 7 shows the composition of the five variakle reqression
model.
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Content of the Pive Variable Regression Model

TABLE 7

Rank Yariable Independent R Sguare
. Income (Var. #130} «.2182
2. Average age of all dwelling - Y521

occupants. {Vars.#3-11)
3. summer health and well being .0868
cluster.
a. High need for being cool
in summer. {(Var.#120)
b. Difficult to fall asle-
ep in summer. (Var.#119)
4., Number of dwelling occupants 0642
cluster.
a. Total number of dwelling
occupants. {Var.#3-11)
b. Number of children in
dwelling. (Vars. #5-8)
C. Energy doesn?’t warraat all
the attentiaon given to it.
(Var.#126)
5. Insulation cluster .0293
a. Presence of wall insul.
{(Var.#141)
b. Presence of attic insul.
(Var. #140)
Independent contribution to RZ2 = .5506
Interactive contribution to R2 = ,0252
Total R2 = ,5758
Prob>¥ = .0109
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CHAPTER & - CONCLUSION

The analysis shows that in this community setting it was
possible first to identify five predictor variables frona
physical, attitude, bebhavior, and demographic dimensions of
dwelling energy use and then to reliably predict fifty-eight
percent of the observed energy consumption in occupied
dwellings using those predictor variables.

In order by the ability to explain variance in observed
energy use, the variables identified amd tested vere:

1. household income; the greater the income, the
greater the energy use.

2. average aqge of dwelling occupants; the older
the occupants, the greater the energy use..

3. attitudes about the effect of summertime energy
conservation on occupants health and well-being;
the more occupants felt the need to be cool in the
summer the greater the energy use.

4. number of dwelling occupants; dwellings with
more occupants tended to use more energy than
those with fewer occupants.

5. the insulation level in the walls and the at-
tic; houses with greater levels of imsulation in
the walls and attic tended to use less energy than
dwellings with lesser insulation.

In Chapter 1, several relationships are discussed between
the research reported in this thesis aand that reported in
previous studies. That discussion, and the unusually strong
ability of only five predictor variables to predict energy
use, suggest guidelines for the future development of pred-
ictive residential energy use models.

t. All of the variables currently being collected in resi-
dential audits are probably not necessary if the purpose of
an audit is prediction of energy use., It appears that sum-
mary measures which represent several dimensions with one
variable are the more successful predictors.

For example, the average age of the occupants was, in
this study, the second most powerful predictor of enerqgy

- B9 &
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use. Directly represented by this measure are the number
and ages of all the occupants of the dwelling. Indirectly
represented are the enmergy-related actions whichk people of
varying ages are likely to take and the impact of many or
few people taking those actions. Clearly, many different
dimensions of energy use can be classified as age-related.
Three of these are: that babies and old or sedentary people
require higher temperatures for metabolic reasons; young
children have less knowledge of the effects of opening and
closing outside doors, turning off unused lights and appli-
ances, rupning hot water excessively and cther energy con-
suming actions; if all other factors were equal, a home with
more people living in it would probably use more energy than
a home with fewer people living in it. These three dimen-
sions of the number and ages of dwellimg occupants represent
very different concepts and would require different ap-
proaches if one were interested in controlling then as a me-
ans of affecting energy conservation in a dwelling. Howev-
er, for the purpose of prediction, the single variable
average age of dwelling occupamnts provides a convenient and
useful handle with which to describe multiple dimensions ef-
fecting energy use. This supports the iritial hypothesis
which suggested that probably only a few of the many varia-
bles currently beinqg collected are necessary for the purpose
of predicting energy use in occupied dwellings.

2. Although the previous discussion suggests the existence
of causal relationships, readers should be reminded that no
part of this analysis establishes causal relationships bet-
ween variables. Indeed, the research effort required in
order to establish causal relationships in a predictive mo-
del is probably not called for. It seems to be enough to
know that the variance of one variable is usually associated
in a predictable way with the variance of another variable
or group of variables.

3., As was discussed in the introduction ‘to the thesis, the
environment in which a dwelling is located, the physical
characteristics of a dwelling and the occupant-related par-
ameters for the use of the dwelling interact to determine
the energy use of the dwelling.  In the Marysville Project,
the first four 'best' predictors of energy use were occu-
pant-related measures. It is even possible that the fifth
measure, presence of attic and wall insulation, is nmore a
measure of occupant intervention than it is a structure-re-
lated measure of the physical effect of varying resistance
to heat flux.

These results lead to the conclusion that the structure-
related variables in the study were either inconsistently
gseasured, or were not significant emough to have more of an
impact on energy use prediction than were the occupant-re-
lated measures. If the second supposition is supported, the
effect on future research is dramatic.
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Under the second hypothesis, the definition of different
building types would be much broader than it nov is and
would require fewer building type classificatioas, Within
these broad building types a few energy-related occupant
characteristics could be used as the primary predictors of
energy use.

4, This thesis identifies some of those energy-related occu-
pant characteristics. However, these variables are not en-
dowed with any type of scaling mechanism. An example of the
lack of a scaling mechanism is that although it has been
shown that age and number of occupants is of primary impor-
tance, one cannot tell precisely what, for example, will be
the incremental difference in enerqy use between two occu-
pied dwellings which are equal to each other in all respects
except for having differing average ages of occupants. The
lack of a scaling mechanism is priparily the result of a
small sample size which would not allow the¢ use of more pow-
erful statistics.

5, Future research should use larger and more diverse sam-
ples and emnploy more powerful statistics to focus om a pro-
ceedure for guantifing the effects which the occupants in-
troduce. The results discussed above suggest that future
studies should be extended to include a wider range of
building types; including, for example, single fawily hones
built after energy became a prominant concern, diuplexes,
low-rise and and high-rise apartments, and owned or rented
townhouses and comndominiums.

6. Longitudinal studies which examine changing energy use
characteristics through varying political, social and eco-
nomic time periods will also be necessary. These studies
can provide tests of the sensitivity and long-term accuracy
of measures of occupant-induced energy consumption variance-

In conclusion, there is every reason to he confident that
a few measures of occupant-induced enerqy consumption vari-
ance could he used in coambination with broad energy-related
environmental and structural variables to arrive at more
useful predictions of expected enerqgy consumption in occu-
pied dwellings.
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MARYSVILLE RESIDENTIAL ENERGY AUDIT
TNSTRUMENT #1 - QUESTLONAIRE

WrERvIEd 10 [ | Vv 4V-ID oate [ |

INTERVIEWER 10 [ | | TIME

EEXE1d T=I=EZESISEEEATS==a==a sEZ=====I======3

}. Dwelling Type

) {1] single famtly detached
o @ Duplex (choose unit 'A' or lowest number)
{%]  Mobtle/Modular

_——'E S$ingle family untt - MuTtiple occupancy

———@ Apartment house (three or mere units)
L—. Other explain{ )

NOTE: INTERVIEW ONLY THE FIRST THREE(3) TYPES QF UNITS.
IF UNIT IS ONE QF LAST THREE(3) TYPES, STOP HERE. PICK
A NEW UNIT FRCM THE RESERVE LIST AND START AGAIN WITH A
NEW INSTRUMENT.

smemerm”

--——)- I would 1ike to begin by explatining the parts of this survey and what

will be involved with each part. First of all, your house was chosen at

random to be included in a sample of the homes in Marysville. There will be

3 parts to this survey.requiring 2 visits by our investigators. The first

part is an interview which we can do now or sometime in the next cauple of

days at your convenfence. It will take about 30 minutes tc complete., The
second part is a questionaire which we will leave for the head of the household
and , if applicable, the spouse to tndependently fi11 out, These shauld take
about 15 minutes to complete. The third part will consist of some measurements
of the house to be taken at the time the questtonaire(s) are picked up.

You do not have to take part in this survey. If you choosa nat to be in-
volved, there will be no obligation to do so. Participation is entirely
voluntary, You may, if yau wish, terminate the interview at any time for
any reason. This is not a test. There are no right or wrong answers, and
yaur responses will be kept entirely confidentfal.

In keeping with the KSU Human Subjects Research Policy, I would like for
you to sign this statzment to show that I have read tt to you, that you
understand it, and that you agree to be interviewed,




**NOTE - INTERVIEW ONLY HEAD OF HOUSEHOLD OR SPOUSE**

I would Tike to begin by asking who lives here, [ would like to know
their relation to the head of the household, their age, if they work and
in what kind of job.

Job Classifications 1. M.A. 6, Professional

2. Unemployed 7. Managament

3. Retired 8. Clerical

4, Disabled/Unable 9. Agricultural :

5. Housewife 10. Labor/Manuat i
11, Qther ,

Owelling accupants by
relation to Head of
Household.

1

(=)} wy =Y (%] >
. s . .-

.. Spouse

Child 1

Age

Respandent?
F Jab Class N ¥

M
Head of Househald _Y-% ] i mv.n E_]v. "

v. 4
— vo [ e

(velz) [vze | Dlen[2]

thitd 3 V= [T [vef2]
chitd 4 V.

Other

Other

Dlwsle] Doz ]

1
LA T [vs

Y0 T [[valZ]

Other

v\l
[:[ mv_zo Ve 24

{HAND RESPONDENT CARD #‘l 3!
40. From the categories on this card, when would you say this house was built?

V.31

V]

]

NISIS

Con't know
1932-1957
1955=-1940
1935-122¢
1918-1593
1899-1884%

befare 14933

V3h - Achdl yeu- builf
j:Vﬁvux Ciﬁtlb&411 /Q‘SSéEEQJIf;
RetovdS. = Shimg
seals ap V.32,

o3



Do you own this home, pay rent, or what? /_ 23

awns or

is buying

v

(HAND RESPONDENT CARD # 3 )

rents

(HAND RESPONDENT CARD # 2 }
Could you tell me the group on this card that
wauld indicate about how much rent you pay a
month, not including utilities.

V.24

[

SIERNISREE

neither awns nor rents
How is that?

(go to44)

Under $100
100-149
150-199
200-249
250-299
300-349
350-399
400-449
450-500

500 and more
{go to4d)

Could you tell me the group on this card that would indicate what the present

value of this home is.

V.35

BN eI

Belaw 40,000
40,000-49,999
50,000-59,999
60,000~-69,999
70,000-79,99%
80,000-89,999
90,000-99,999
100,000-109,999
110,000-119,999
120,000 and abcve

What would 1t bring if you sold it today.

(g0 to44)




The next few questions ave about <he types of energy used in this home and what they

are used for.

ENERGY USE

-+ + + 1 ¢+t - -ttt -t -tk
+ “ 5
¢ [<lde 8 & - |3 = £
V.2b 2 a (1288 T i p= £ 3 a
wn , d
44550 02 Teating this bomer . L)
wiich, if any, secondary V..‘é"?’
B.Enezg; stgige;is gZed Lor
@ating s home?

(PROBE OR LOOK)
(FCR AMY RESPONSE OTHER THAN "WCOD", GO TO NEXT PAGE)

WOOD CONTINGENCY

44Estimate how many cords of wood you used last winter.

v-3% U] B [e] Vo234
>1

1-1.9 2-2.9 3-3.9 4-4.9 5=5.9 5 & more

B3 .vhat do you do most? (REZAD RESPONSES)

v.24 (4 __v-33B

buy your wood get it free cut your own or do you dc
something else
(what is that)

please answer yes or no as to whether or not you use the
following types of wood burners in this home.

43A Fireplace without glass g&f‘?s m Vo322l
ve o
49 fireplace with glass doo\{gq'\ m V.30
yes no
RO.New type, air tight woadsto\'\?’e’é?' V.33
JEB o)
51.01d type woodstove V'...Af% )@ m V-’)q‘l:
s 7o
52Any other? V_44
! Vo33
GO g

l yes

pPlease explain




55,

56.

52,

5&,

29

63 what energy source do you use
-most for water heating?

which, if any, sSecondary
.energy source do you use for El’]

water heating?

home?

which, if any, secondary V-4®

energy source dao you use for m

clothes drying at home?

Do 7¥ou have an autside clothes line

available to you?

V-4 [

-
g o -
what P V43 g s ) 4 &
What energy source do you use
most for clothes drying at m r‘_.-{:]

V.50

none

l!l ]!! Sotar

Solar
E(CIotheane)

o]
[+]
(%]
=]
Fe]
(]

(PROBE CR LOQK)

V.49 1]

-~ S
- (8] =} -]
(] (=] e
. — Q =
a W = A
which energy source do you use
nost for cooxing in the home? E

which, 1f any, secondary V_,L‘,;

energy source do you use for @ @

cooking in the home?

(PROBE OR LOUK)

Please answer 'yes® or 'mo' to indicate whether or nat you regularly use the

failowing appliances.

yes

VBT 6O
VA LA
v.o4 62.[2]
v.55 bz (7]
V-5l 4[]
V.57 65, (7]

=3
[=]

HEHEEEE

Crock Pot

Microwave aven

Convection oven

Electric roaster

Automatic electric coffeemaker

Other - What is that?

[5] [a] other

E Other

<]



Gl

%

Do you have a thermostat or scme other mechanical means of
controlling the temperature of this home during the winter?

m] [ VvosB
yes no {go to 7Q0)

(HAND RESPONDENT CARD # 4 )

From the categories on this card, where during
the daytime in the winter is the thermostat set?

vod 0 @ B @ B O & [

below 59 58-54 55-59 68-64 65-69 76-~74 75-83 83+

(%, Co you set back your thermostat at night in the winter?

LS.

F.

2 [0 wee

yes no (go to 70 )

(HAND RESPONDENT CARD # 5 ) |

From the categories on this card, to what temperature
do you set your thermostat back?

0@ 3 @ B8 @8 3 @ v

below 50 5u¥-54 55-59 §4-54 35-59 70-74 75-79 37 and above

Do you use any method for sumumer cooling such as airconditioners,
whole house fans, or _the like? Y o2

Yes 3 (g0 to 77 )

Please answer'yes‘ or 'nc' zc whether or not vou use these methods of
summertime cooling?

ves no {(go to 73)

window airconditioner m U"'(”%

tiow many window aircenditioners do you use?

i &8 B & =EH [ V-4
4

Y

3.
4

15
2

1 2 3 S more than 5
—
yes no
Central airconditioner m V.. 5
Swamp Cooler m Vbl
Whole house fan m Vob¥
Window, floow or cailing fans m Ve, b%

EE R E b e e e



Please answer ‘yes' or 'no’ to indicate whether or not in the
Tast few years or in the months since you have lived here, you
have added to or changed any of the features listed below.

3. Attic Insulatian @ \f—- (b4

no y€S (please explain}

= V-0

YE= (please explain)

Vo H

yes (please explain)

%, wall Insulation

4. Caulking

o i

Weatherstripping
%0, around doors and )
windows m V- 12
no yes (please explain)
®l. storm doors V=33
TS (please explain)
#7. storm windows V-34

(please explain)

Regularly installed
&%, plastic on the
windaws

Vo35

yes (please explain)
Vo3l
Y25 (please explain)

®%. Any solar options @ Vo33

yes (please explain)

%4, Room additions

7 ol I - B -

=
[=]

Because of its relation to energy use, could you tell me if there have been
g(‘, any periods of more than 2 weeks in the past 12 months, or in the months
" you have Tived here, when the house has been nearly or completely unoccupied?

Vo3&

no (please explain)

o For the same reasons, could you tell me if in the last 12 months, or in the
2. months you have lived here, have you had extra people come to stay with you
for more than 2 weeks at a time?

V.39

nag yes (please explain)




The next few questions deal with plant growing activities in and around this
home. I will be ustng the word ‘garden' in a general sense to mean any or
all plant growing activities; {including vegetable gardening, flower gardening, etv.)

Ol Like Frech Produce
GARDENING ﬁmo%uw(—‘ (e
@ Seomomies

na yes C3 ?-v(—’ FoXsIdz

89.Could you tell me why? (WRITE AS NEARLY A5 POSSIBLE
V_§0 A VERBATIM RESPONSE) : -

V- 8\ & all s

859, Did you have & garden this year?

q0. In this or in previous homes, how many years have you
had a garden

(go to 106) @ V-32

1-5yr. 6-10yr. more than 10 years

ai In season, abagut what percent of the househald needs
‘does the garden provide,

N I 7 ) P B

0-24% 25-49% 50-745% 75-99% 100+%

These questians are about @tegories of plants grawn
in your yard and in your garden. Answer 'yes' for
the ones you graow, and 'no' for the cnes you do not.

no
42. Annual vegetables? m V.24
q3.Perennial vegetables? m V-35
Q4 perrenfal flowers outside? ' V_d b

0] v-3>
V.35
0] v
O v_go
LT vq

45, Annual flowers outside?
946, Fruit trees?

q3.Nut trees?

4% Berry Bushes?

Rl Pl [ SR (S

99.Indoor plants and flawers?




|60, Qo you preserve some of your garden praduction?

no yes
V—QZ ‘ Indicate with a 'yes*® or 'no' whether or not you
regularly use the following preservation methods.
no yes

\V.43% jol. m canning
V—q4' |o7. D] freezing
qo e U2 V_G5103. m drying
V_Q‘oID4. m other - what 1s that?

\/__q 3 |05 Compared ta other people you know who preserve
: food, wauld you say yau preserve much mare, more,
the same as, less, or much less than they do?

O &= &d @ =

much more more the same as less much Tess

(GO TO 112 ON NEXT PAGE)

Could you tell me why you don't have a garden? (MARK 'YES' ON THE CNES THAT
ARE MENTIONED, AND 'NO*' ON THE ONES WHICH ARE NOT MENTIONED.)

<
@
n

(1] v-98%
0] v-a9
] v-too
[ v- o)
[1] v-102
(1] v-i03

{0G. No suitable space
|07+ Mot interested
(08. pnysically unable
104. No time

[{©. Not necessary

IR

i\l . Other (DESCRIBE)

P T P e EEE F E R P e e R r et e e e e e B



1" As a result of the information gathered from this research oroject, future
* studies which invalve more detailed measurements may be undertaken using
homes such as yours. If such a study were undertaken, would you be intzrested

in being invalved?
O] v-lo4
) ne

yes

== ExITSSZII=Teo==SITT==aSIEY CEE PRt e b e R Db e b T g

(THIS ENDS THE INTERVIEW)
REMEMBER TO DO THE FOLLCWING:

1. Ask the respondent to fi11 out and sign the fuel release form,

DONE

2. Explain the survey forms and Teave 1 or 2 for the head of house-
hold and/or spouse to fi11 out IMDEPENDENTLY.

DONE

3. Make an appointment for the Measurements Team to pick up the
surveys, answer any questions about the surveys, and to do their
physical features and solar suitability assessments.

[

APPOINTMENT TIME/S

4, Thank them for their time and cogperation.




Appendix B

FUEL USE RELEASE FORM



T po

THE MARYSVILLE ENERGY FROJECT
UTIIITY INFORMATION REIE\SE FORM

Please enter the following informatlion form your laat utility bills
NAME OF UTILITY COMPANY

YOUR NAMB, as shownm on bill

TOUR ADLDRESS, as shown on bill

YOUR ACCOUNT NUMBER, aa shown om bill

1 hesaxby give ay permission to my utility company to glve the Maryaville
Energy Project, which has been endorsed by the Marysville PRIDE Committse, and .the

Marysville Chamber of Commerce, informatlon on the last thirteen months useage of
alectricity, natural gas or other fuels. '

I have read and signed thj.a' releasa form on the day of , 1982,

V= ED

V_otre  V_ooTe ST
V_SEPG V.SEPE
Vo A eiG v AMUGE
V-TuLé VIULE
Vo TUNG V-TANE
Vo MAY G V. MAYE
Vo AvR. & V- APEE
V. MALG  V_MABE
V- FEBS V_EBBE
Vo7 ANG V_TANE
V_DECe V. DECE
V. 08t V. OBIE




Appendix C

ENERGY ATTITUDES SURVEY



MARYSVILLEZ RESICEMTIAL ENERGY AUDIT
INSTRUMEMT 2

' -
INTERVIEW IDDj VoD e V-TD DATE: October
WHICH CNE ARE YOU? (MARY ONE) [1] siead cf Household

Voul ¢ VoA Spouse

B e E e R R L R L e e A R R R L L

Through ycur resgonse to these gquestions we weuld like ce
vnow now vou truely feel about the statements provided. This is
not a kast. There are no rlght or wrong answars, ani your
rasponses will be kept entirely confidential.

B Akt Lt e R R
[HSTRUCTIONS: Mark with an 'X' the box which, by ic's pasiticn
on tneg scale, vesc represents your opinion.

1. To what desree would you be uncomfortable if you Xepht the
tamperature of you house at 63 degrees throujgh the winter?

not — very
uncomfartable @ E @ f—(—! uncomfortabla
Vo112 § NzA
2. Co you feel that your health and well being would de much
cetter, much worse, or somewhere in betwesn il vou adjusted the

temparature of your home to maintain 68 degrees throughout the
winter?
much better !1. EJ @ @ E much worse
Vil 4 1IZA
3, Tc what degree would ycu say overconsumption by individuals
has contributed to this country's energy problem?

very much m E [e] E not very much
Voltd & 1144

4., To what deyree do ycu think it possible that the cost of hore
fuel may rise to the point where you won't oe able to affeord it?

yary possible m [ﬂ @ @ E-}not very passible
Volig 4154

3. To wiat degree 4o you think it possible that, for whataver
reason, your supply of heating fuel may be cut ocff in the near
future?

7ery passible m E rot very oessible
Vol o 4



5. How essential is it to your personal health and well heing for
the house to bhe airconditionea in the summer?

egggng?{ m . . E verv essential

o oaEsassSSaAam A= ====|==

INSTRUCTIONS: Please indicate how strongly vou agree or disagrae
with the following statements.

EE s e b e e b st ]

7. It's just not worth it to sweat some in the summer te save a
liectle ener

IS8 ei! M M =B @ [F sy
vaue;waa

8. I Eind it very difficult to fall asleep in the summer without
an alr"ordltloner on at night.

iR @ 3 @ 3B & e
V-itd 4 1194

9. Wwhile others might tolerate turning off the airconditicner in
the summer, my own need for being cool is high.

R T B EE M E e
V-120 ¢ 120A

1. Turning off the airconditicner and opening the windows every
time it gets a little cooler ocutside is just not worth the
trouble

ooty 7 @ @& F| sbrans'y
21 4 1A

11. It is immoral to consume any more energy than I absolutely

d.
nesds ghroooly 5‘5%"829“’
Vil 4172A

12. The energy crisis is largely due to real worldwide shortages
of fuels weeded to produce energy.
strangly

dtsagree . . @ E - - mas galy

Vo113 4 [23A

13. The energy crisis i{s lacgely due to profiteering by tbﬂae wha
control the world's energy resources.

w0 @ @ Bl @O

V_iz4 4 1244

[



14. while others may be willing to set their thermostat lower in
the winter, my own need for a very warm house is high.

e . & G & 3 :;";‘229”
v_.nra 4( A7

15. The energy crisis certainly doesn't warrant all the attention
given to it in the last few years.

Sl 1] E[ @ [ 3 e

\/ 1zl 13{,/_\

15. American technoleqy in the past has come to grips with all
major crises and it will no doubt soon discover a solution to the
energy problem.

e M E B E @ 3 6
VoITF ¢ (234

17. Consumers have the right to use as much energy as they want
and can pay for.

sl [0 R B M4 [ O

18. Trying to save a few pennies a day conserving energy is just
not worth it.

disaoree’ [T [£] 3 e
v-124 ¢ |24A



IS RSN OSSR SN AN SIS I NIIAISIIRD

9. Wintin these categorfes, could you tell me about what your cambined family
income (before taxes) was last year? (Responses will he kept entirely

confidential)

[+ ]S EMEE

less than $5,000
$5,000-%3,399
$10,000-$14,999
$15,000-$19,999 \/'“ e 4 i#on
$20,000-5$24,399

$25,000-$29,999

$30,000 and above

20, What was the last level of formal education yau completed?

)
7

SINEINE SR

Never attended schoal

Grade school

Juniar high school

High schcoﬁl \/-\3\ 2 BIA
Vocational training

College - Bachelor Degrea

College - Masters Degree

College - Lactorate



Appendix D

STRUCTURAL ERERGY FEATURES AND SOLAR ACCESS
EVALUATION

w FY =



Vaizgd o VD

ID# ID# of address address_

{STRUCTURAL FEATURES |

Indicate in the space belcw the dagree tc which the features of this house meet the
standards indicated in the last column.

Percent of Standarg

0 25 50 /5 100 NA Standard

Attic Insulation \ E G V.| 40
Wall Insulatiom E‘] Q D Va4l
Crawlspace Insulation @ E V-l4Z
Floor Insulation m B 219 | [v-143
Si11 Area Insulation | [ 1] 1 | [E18] | voras
Tl g 8 | O | Em|v-
Storm Doars m lZl -] V14 b
Caulking 0] -l Vo147
Weatherstripping E E m Vo143
Plastic on Windows m @ E_-! [_—_a_—r_rj v-44

Answer ‘yes' or 'no' to whether ar not these features are present in this home.

NA yes ne
Heat Pump B [1] V50
Duct and Pipe Insulation D [1] [v-l=l
Hot Water Tank Insulation E [1] [V=y®»1
Selar Greenhouses, or extra —
windgws for solar gain ) E |I| V=1%3
Acti Sal D ti
wgte:eHegt?;g E E] Voind
"Sreadbox” Salar
Water Heating E |I| V_1i%h
Active Solar Space Heating B V-5,




STRUCTURAL FEATURES

Indicate in che space below the most appropriate answers for the features aof this
residence.

| rraxe |} s1pivG MATERIALS

wood, shingle, mecal, vinyl, asbestos, or
masonite siding
1/2 stone/brick and 1/2 wood

wood gatuds
conc./masenty Vo157
steel studs
] ioas

all stone or all brick bﬁ_lt;éi

stucco/cement

][

JSULAR SUITABILITY ASSESSMENT

When using the compass, do not stand near any metal objiects or heavy electrical
lires, Either of these can cause the compass to give an improper reading.

“hen using the compass, remember that TRUE SOUTH is 8 degrees west of magnetic.
south which the compass reads.

The calibration markings on the compass are in 2 degree increments.

Sketches should contain the following: 1. basic shape and orisntaticn =f the
residence

2. any south walls, windows, and doors
3. basic plan of the roof

4, any pertinant information about Lhe
site and surroundings

The shading calculator sketches should have noted on them deciduious trees on the

. . 3 : - . . .
site, deciduous trees off the site, coniferous trees on the site, coniferous trees
off the site, and any other obstructions.

A SPECIAL WORD OF CAUTION ‘please be careful with the compasses, any compass
either lost or brcken #ill be paid for by the group
that compass was assigned to,

winter on the ''SHADE CALCULATOR' &SE below the Sept/March

USE above the Sept/March

To decermine 10 - 2

line. .
To derermine 10 - 2 summer on the "SHADE CALCULATOR"

ine.



SOLAR SUITABILITY ASSESSMENT FOR WALLS

INDICATE IN THE SPACE BELOW THE BEST ANSWER IN EACH SECTICN, THEN FOLLOW TUE
ARROWS TO THE NEXT SECTLON.

SKETCHES .

I AREAS  (WALLS}).

7 |
less than 10 ft

10
33
65
97
121
st
[8]193
Ezzs

I

3z

64

96

V- 159

- 120

160

192

224

+ £

(e}

v

wash=out
go te roof

L OBSTRUCTIGN v_\t.'Ll

—

-m ¥Wo Access

10-2 anytime

10=2 winter only
10-2 summer only

I ACCESS TO SUNV—-H’-II

wash=-cut
go to roof

i

wash-out
go to roof

T1111t1

V—=1bO ORIENTATION

m 0 - 15°
16 - 30°
3 -+ 4s°
.E 46 - 60°
.[EI 51 - 75°
76 - 20°

E

E

ar

ar

or

or

or

or

W of South

W of South
South
Sautn

South

South

LIST AREAS OF ROCMS NOT USED IN WINTER

[_PERCENTAGE access | {

85 - 100%

L

il

il

]

NOTES

Total Area of Rooms not used in wintgF Vbbb




SOLAR SUITABILiTY ASSESSMENT FOR RCOF3

INDICATE IN THE SPACE BRELOW THE BEST ANSWER IN EACH SECTICN, THEN FOLLOW THE

ARRCWS TO THE NEXT SECTION.

SKETCHES

2
less than 10 ft~

10-32

33-64
Ees—%

97 - 120

121 ~ 160

(361 - 192

193 - 224

[a]z2s + «<?

o

w

| AREAS (ROOFS)-V_1lol ____] .

—»

wash-out
go to yard

OBSTRUCTION Vil

mc:mifer S| —
Deciduous - I.._
Wall/Fence F=
m Building

10-2 winter only

10-2 summer only

HEISE

anytime

wash-out
go to vard

v v

L

PERCENTAGE ACCESSV.I%|

go to yard

f.._.m 0 - 15° E or W of South
4_. 16 - 30° E or W of Souch
4_.. 31 < 45° £ or W of Sout
{._ 46 - 650° E or W of Zouth
‘——-@ 61 - 75° Z or W of Souch
4_@ 76 - 90° E or W of Sbuth

i ACCES3 TO SUN \Lal.&l [ ORIENTATICN V. |l, I




SOLAR SUITABILITY ASSESSMENT FOR THE YARD

[yarp Vo131 |

[Careas (varD)V-122Z |

ADJACENT —
REMOTE —
NO ACCESS

+

I wash-out EuDl

121 - 180
181 + fe°

-
|I| less than 60 £t~

2>
60 - 120 ft°

QBSTRUCTIONS

CONTFERS

DECIDUOUS

WALL/FENCE

BUILDING

Vo 1F

Lol

SLOPE V| %
m Horizontal-<¢ 3 in 12
3m12-( 6 in 12
6m12-<9m 12
9 in 12 +

.

———

— MR

L wash=-out EM?]

NOTES

v

{ | 4O ACCESS

hd

10 - 2 anytime

Z
{Zl 10 = 2 summer onlvft_;‘?z"z
&

l ACCESS V-l3F4 l
T

, bt( o
10 - 2 winter only &Pi.?‘

a4

rAd LV

Z-M22

I PERCENTAGE Accassv_l?-bl
"_-—_"

m less than 407%
40 - 54%
55 - 697
70 - 84%
85 - 100%

J



Appendlix E

VARIABLES INCLUDED IN SPEARMAN CORRELATION
PROCEEDURES



— O ey, S iy B el ey S A S mw— A i e S gy G TS e, S Bl s See G gy M S g, e St paep TR SRS e, mmke S e S S gy PO Gl pmme Gt ST e SRS S WS g,

Retained for

Variable Yariable 2nd Spear-
name Description man Proce.

Nel der Wunbher of elderly (age 60+) x
dwelling occupants.

Avgelder Average age of elderly dwelling x
occupants.

Nadult Number of adult {age 18-59) dwelling b 4
occupants.

Avgadlt Average age of adult dwelling b
occupants.

¥child Humber of children {age 0-17} in X
dwelling.

Avgchld Average of children in dwelling. x

¥all Total number of dwelling occupants. X

Avgall Average age of dwelling occupants. X

2 Dwelling type.

21 Job class of head of household.

32 Year dwelling was built.

33 Own/rent status.

33b Yalue of dwelling.

3¢& Winter space heating fuel type.

45 Water heating fuel type.

59 Winter day thermostat setting. x

€0 dinter night thermostat setting.

63 Use of window-type airconditioner.

65 Ose of central airconditioner. X

£9 Actions to add or change attic ins.. X

70 Actions to add or change wall ins.. b4

71 Actions to add or change caulking. ) 4

72 Actions to add or change wtherstripig x

73 Actions to add or change storm doors. X

78 Dwelling unoccupied > two weeks.

79 Extra occupants > two weeks.

80 Did occupant garden.

104 Willingness to be involved with
further energy-related studies.

112 Dagree of discoafort if 68 deg. b 4
maintained throughout winter.

113 Effect to health if £8 deq. X
maintained throughout winter.

113 Belief that overconsumption has x
contrihuted to energy problen.

115 Belief that hoze heating fuel X
vill become unaffordable.

116 Belief that heating fuel supply
may be cut off.

117 Pssentialness to personal health and x
well being of summertime aircon.

118 Perceived return for the bother of X

saving summer aircon. energy.

G Gt ey SR M ey W S G N e npoa S e e e G e St Gl S S e i St G Sy G e SE R Gt M S ey S G bowe fmar Bkl A AR B Sl S peup g T e SR S oy el



e S il Gesat Duew O S gy e i e P St gran bl Bem an Beer meen g GG B e s S o SR e s S e B S o e St el gt MRS o cesan S

Variables
{cont.)

Variable
name

S M A i i o e T ML B S o TRl i e it Y S S SR S S i W AR S " VM S ¥ St v o s
R T o o T N N T s I L e N N ===

119
120
121
122
123
124
125
126

127
128

129

130
131
140
141
145
146
147
148
164
165

Totuse
Total

included in Spearman Corr. Proceedures

Retained for

Variable
Description

Difficulty of falling asleep
insummer without aircon.

Degree of perceived high need for
being cogl in summer.

North of turning off aircon. when

it gets cooler outside.

Morality of consuming more enerqgy
than is absolutely needed.

Fnergy crisis largely due to real
worldwide shortages of fuels.

BEnergy crisis largely due to profit-
eering.

Degree of need for a very warm house
in winter.

Energy crisis doesn't wvarrant
attention givenm to it.

Faith in American technology.
Consumers have right to uyse as much
energy as they want and can-pay for.
Trying to save a few pennies a day
conserving emergy is not worth it.
Combined family inconme.

lLast level of formal educatiomn.
Percent of standard - attic imsul..
Percent of standard - wall insul..
Percent of standard - multi glazings.
Percent of standard - storm doors.
Percent of standard - cauvlking.
Percent of standard

Square feet of floor area closed off
in winter.

Total emergy supplied to dwelling.
Sum of the raw values of the previous
variables.

veatherstripping.
square feet of floor area in dvelling.

2nd Spear-
man Proc.

K H

Mo Mo WM H

L

bt et s e B BT s TPE Sge cafy SRS g S e fmes Siw wmr D cmmm S gnmk eever PO B smed dewew JSm Guine Ruier STRE G geak AR coe e Aem S e sl swen S e




CCCUPANT/DWELLING DISPOSITION FACTORS
AS PREDICTORS OF RESIDENTIAL ENERGY CONSUHNPTION

by

ALAN ROBERT EDGAR

B. Arch., Kamnsas State University, 1978

AN ABSTRACT OF A MASTER'S THESIS

submitted in partial fulfillment of the

requirements for the degree

MASTER OF ARCHITECTURE

Department of Architectnre

KANSAS STATE UNIVERSITY
Manhattan, Kansas
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ABSYRACT

Hecent research has indicated that the structure-based au-
dits used to predict the progress and status of energy coa-
servation efforts in the residential sector may be seriously
flawed., By failing to provide sufficient measurez of aggre-
gate human factors effecting energy use in occupied dwell-
ings, they may provide an innacurate and misleading picture
of the use of energy in homes, as well as the actions which
are most productive for affecting energy conservation in
honres.

In order to better understand the interaction between
dwellings and dwelling occupants, detailed informatioan about
fifty-seven occupied, single-fagily, detached dwellings in
the city of Marysville, Kansas was gathered during Octcher
and November of 1982 by graduate and upper level undergradu-
ate students from Ransas State ODniversity and by Marysville
residents using four survey and interview instruments.

This thesis uses an item analysis and a Stepwise ¥axiemum
B2 Improvement proceedure to identify five measures of
structural, behavioral, attitudinal and demographic varia-
bles which reliably predict a large portion ({fifty-eight
percent) of the variance in observed annual energy consump—
tion in homes in parysville, Kansas.

The measures identified and the portion of ohserved annu-
al energy consumption which the measures independeatly ex-
plain were: household income, 22%; average age of the
dwelling occupants, 15%: occupant rperceptions of the effect
of summer energy ccunservation on individual health and well
beiag, 9%; number of dwelling occupants, 6%yp-and the level
of insnlation in the attic and walls, 3%. Im addition, the
measures explain 3% of the variance in the dependent varia-
ble through interactive effects betveen Reasures.

Though this appears to be the first testing of struactur~
al, behavioral, atttudimal, and demographic dimensions used
in combinationn to predict emergy use, the important concepts
identified within each dimension are consistent with those
identified in siailar previous research.





