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ABSTRACT

Value generation is a goal of the Lean Production/Construction philosophy.
However, defining value is difficult as value may vary according to user requirements
and the capacity to afford desirable products and services. This paper presents two
post-occupancy studies carried out in Brazilian housing projects and discusses how
the results were collected, analyzed, and how they can be used for developing new
projects. The first study presents the method used to collect and analyze data
regarding users’ opinions about housing units in low-income housing projects funded
by the Brazilian Government. The second study presents the method used to capture
the opinion of users of high-rise housing projects for medium- and high-income
families. Results were categorized to reflect client satisfaction vs. how much they
value specific items (importance) and provided designers and developers with clues
about what clients actually value and how close/far the developers are from meeting
or exceeding client expectations.

INTRODUCTION

One of the main goals of Lean Production is value generation for the end-user.
However, capturing customer requirements and translating these into design
parameters and ultimately into perceived value is not easy. According to Womack
and Jones (1998, p.5): “Value can only be defined by the end-user. And it is only
meaningful when expressed in terms of a specific product (a good or a service, and
often both at once) which meets the customer’s needs at a specific price at a specific
time.” Juran (1990) suggests that quality of a good or service is related to the
development of products that meet customer desires. Juran highlights that customers
often reveal their needs using their own language and their own points of view, which
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may not be captured and explicitly translated into design parameters even by
specialists. Different methods have been used to capture client requirements in
different product development areas. The post-occupancy analysis (POA) is one of
the methods that has been used to capture customer satisfaction regarding housing
units.

It is worth noting that construction products have unique characteristics: the
product is large, bulky, expensive, fixed and has a long lead time from design to
completion and delivery to the end-user (Koskela, 1992). Due to these
characteristics, it is hard to find alternative clients for the products offered by
construction companies given that the product cannot be transported and sold in a
location different from the one it was planned for.

Due to the aforementioned reasons, it is critical to the construction industry to
study methods that both organize the capturing and processing of information related
to client requirements, and help translate these requirements to design and
construction teams.

PRODUCT DEVELOPMENT AND POST OCCUPANCY ANALYSIS

According to Syal et al. (2005, p.3), who defined a housing research agenda for NSF,
“addressing deficiencies in the existing housing stock” comprises a topic of
investigation for improving quality and productivity in the housing industry. A
structured method to capture and translate customer needs into quality buildings is
necessary in order to understand client values and address these deficiencies.

Ulrich and Eppinger (2000) point out that the identification of customer needs
is the first stage of the concept development phase for a new product. The POA is a
method that uses interviews, as well as direct observation, to capture client’s needs
and understand how satisfied the client is while using the product.

The literature presents different examples of how client’s needs are captured
and evaluated. Forsythe (2007) presents a conceptual framework to study client
satisfaction in housing construction. Forsythe highlights the importance of
understanding how client expectations build over the purchasing process and how
they contribute to client satisfaction once the project is delivered. His idea is to
understand what makes clients give different ratings for the project, the construction
company, and the developer throughout the project’s life cycle, and ultimately to
understand how expectations are confirmed or disconfirmed during the long lead time
from purchasing a housing unit to receiving it.

Along these lines, Tobica and Stroh (2001) carried out a study to understand
customer satisfaction in terms of design, housing unit quality, and service (all factors
which are under developers’ control). They used a questionnaire which allowed
customers to give performance and importance ratings for 51 items in the three
categories. They found out that the item service is a major determinant of customer
satisfaction, which reveals that end-user satisfaction is not related only to the housing
unit itself.

Reis (1997) studied how user participation in the design of low-income
projects affects user satisfaction levels. He stresses the importance of collecting data
about which factors affect client satisfaction and the need to properly incorporate
these in the new product development process for low-income housing projects.
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Similarly, Leite et al. (2005) stress the need to properly address client requirements
for low-income projects. They suggest that, as public agencies take care of
registering clients who need a house, officials could also capture customer
requirements in terms of what customers value. However, often this does not happen:
by the time a housing unit is assigned to the client, the design process is already over.
Also, customer requirements could be shared between financing agents, city councils,
and construction companies. In order to best organize these requirements, Lima et al.
(2008) suggest Quality Function Deployment (QFD) as a tool to help developers and
designers make sure requirements are not lost throughout the process.

According to the literature, customer satisfaction can be explained by a
combination of items. Items frequently cited as drivers of user satisfaction levels
include: issues related to the quality of the unit; how adequate the unit is to the
customer’s needs; and the service provided by construction companies. However,
capturing customer requirements and translating them into value-added features
requires an organized method covering data collection through analysis and
presentation of results. This paper expands on previous research carried out by Leite
et al. (2005) and Lima et al. (2008) and suggests that construction designers should
know the factors that contribute to client satisfaction as well as what items clients
value the most in housing projects. According to the research presented here, the
item clients value the most is project location, regardless of their income. Given that
in many parts of the world good and affordable pieces of real states are getting
scarcer, developers have to make sure they can differentiate their projects according
to what clients value and are willing to pay.

RESEARCH METHOD

The objective of this paper is to present how post-occupancy analysis can be used to
provide value-adding feedback to developers and design teams during the
development of new projects. The authors aim to contribute to the development of
products that have high value-adding features. The research method described in this
paper was used for two major research projects and has been evolving over the past 5
years. The method comprises the phases of questionnaire development, research plan,
data collection, data analysis, and definition of critical items.

The two major research projects that used this method differ only regarding
the housing units analyzed. The Research Project A (RPA) analyzed client
requirements for low-income housing projects and was developed simultaneously in
five cities in different regions of Brazil (i.e., Fortaleza/CE, Feira de Santana/BA,
Londrina/PR, Porto Alegre/RS, Pelotas/RS). A total of 727 clients were interviewed
in these five cities. The Research Project B (RPB) comprised four POA carried out
in the city of Fortaleza/CE. The main characteristic of this second project is that the
POA involves medium- to high-income housing units and was motivated by
developers who were interested in knowing more about their clients’ needs and
satisfaction levels regarding the projects they offer. Table 1 provides a
characterization of both projects analyzed.
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Table 1: Characteristics of the low and medium-high income projects analyzed

Characteristics Research Project A - Low income Research Project B - Medium-
(RPA) High income (RPB)
Dri .
car ’;.l;:erof; rt e Public research funds, Government Private Developers
ymg Bank (CAIXA) P
POA
Type of project Apartments (up to 4 stores high) Apartments (in high-rise buildings)
PR Clients cannot make changes during Clients can make changes during
Flexibility . . .
the design and construction phases. the construction phase.
. . Project. Ily have di t
Projects are mass produced with | rojects usualiy have ifferen
. . . Jfagades and landscaping, and allow
Differentiation little or no change across a same o
region for customization of most of the
glon. floor plan.
Construction companies follow the Lo .
. X . Clients’ requirements are captured
Feedback for public financing agent requirements .
! - . from completed projects and
future projects and may use a standard design for . . : .
. . - incorporated into future projects.
the housing units
Projects are developed in the }.le project {ocatl(ln 15 one of the
. . T main factors for the project success.
Project location outskirts, in areas where low cost : ’ ;
] . Developers chose areas that are
large states are still available. . .
most valued by potential clients.
Units are disposed to allow for the | The majority of projects face East to
. . highest utilization of the real state take advantage of ventilation and
Solar orientation . ’ . . : .
available and not according to solar orientation due to high
comfort and performance criteria. temperatures all over the year.
Clients value a series of items that The developer offers the design and
they cannot afford or the financing specs that fit most of the client’s
Affordability agency opts out to keep costs low and | needs and allows for customization
affordable for a larger number of low | according to each client’s financial
income families. possibilities.

Research Project A — Low-income housing units (RPA)

In RPA, the first phase used a questionnaire developed by researchers at
NORIE/UFRGS, a research group located at the southern part of Brazil (Miron, 2002;
Leite, 2005). The questionnaire comprised 63 items regarding: information about the
housing unit; characteristics about the client interviewed and the family; and the five
items the client liked and disliked the most. The other questions were related to client
satisfaction regarding characteristics of the housing complex and the housing unit in
terms of electrical and hydraulic systems; space distribution; comfort in terms of
ventilation and natural light; quality of finishings, windows and doors; and safety.
Finally, the last five questions asked clients about overall satisfaction with the
housing unit; any changes they had made to the unit or intended to make; and how the
unit compared to their previous unit, as well as to other similar units built by other
construction companies.

In the RPA questionnaire (figure 1) clients could indicate their level of
satisfaction for 44 items (questions) related to the housing unit and the housing
complex based on a 5-point scale: very unsatisfied (VU), unsatisfied (US), neutral
(NE), satisfied (SA), and very satisfied (VS).
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Rate your level of satisfaction regarding this item
Characteristic vu uUs NE SA VS
Quality of the housing complex
How adequate the common areas are to the client’s needs
1. Garage
2. Playground...
Quality of the housing unit
How adequate the unit’s space is to the furniture and its use
1. Living room
2. Kitchen. ..

Figure 1: Example of questionnaire in RPA

The second and third phases of RPA were carried out similarly to RPB. In the third
phase, the data was collected after at least one client living in each housing unit was
contacted in advance, so that a group of researchers could visit the housing complex
and interview the clients. “In person” interviews were carried out mainly by a group
of undergraduate students trained to use the questionnaire and deal with situations
that could arise during the interview process. The researchers took pictures and
recorded observations (drawings and comments) to illustrate client comments about
the housing units/complex.

The fourth phase (data analysis) of RPA was carried out by grouping client
answers in histograms that categorized answers according to the 5-point scale from
very unsatisfied to very satisfied with the housing unit/complex characteristics. RPA
also utilized a cross-data analysis, with researchers using the software SPSS® to
evaluate correlations between different groups of answers. An example of cross-data
analysis was to investigate how the level of satisfaction with the current housing unit
correlated with how much the client liked their previous unit. Finally, the fifth phase
comprised the analysis of the 5 critical items that the clients liked and disliked the
most.

Research Project B — Medium- to high-income housing units (RPB)

The research method used in RPB evolved from the one used in RPA. The first
major change regarding the methods used in RPA and RPB was the structure of the
questionnaire used for POA. In RPB, the questionnaire was altered to capture the
level of satisfaction as well as the level of importance given by the clients to different
characteristics of the housing unit and the housing complex in which the unit was
located. The questionnaire was also shortened.

The next major change in the questionnaire was the use of a Likert scale
varying from 0 to 10 in which the clients could express their level of satisfaction with
a specific item as well as express how important/unimportant that item was for them
(Figure 2). This allowed the researchers to calculate a delta between the level of
importance (what the client values) and the level of satisfaction (how the client feels
about the item) indicated by the client. The ideal situation would be for the
importance and satisfaction levels to be the same, which would reflect that a client’s
satisfaction level is compatible with the importance level that client gives a certain
item.

Rate your level of satisfaction regarding this item

0123456780910

Rate the level of importance this item has for you
Not important 0123456780910 Very important

Figure 2: Likert scale used in the questionnaire
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The rationale behind the method used in RPB was based on the work of Noriaki
Kano, who suggested that there are different kinds of attributes to be considered in a
product or service (Kano et al. 1984 apud Matzler and Hinterhuber, 1998). Kano
differentiates between attributes that must be present in a good or service and those
that differentiate these products and services from others currently offered in the
market. According to Kano’s model there are three types of attributes:

e Threshold/Basic attributes (“must-be” requirements): these are essential for
the good/service to sell as the clients take them for granted. These do not
increase client satisfaction with the product but cause extreme dissatisfaction
if they are not found in the product/service.

e One-dimensional attributes (performance/linear): client satisfaction level
increases with the improvement of these attributes, and decreases when these
attributes are not properly offered. Clients relate the differentiation on goods
and services’ prices to how well these attributes function.

e Attractive attributes (exciters/delighters): these are related to a great level of
satisfaction for those clients who are willing to pay extra money to have these
attributes present in a product/service. These attributes are not explicitly
required by clients. Differently from the one dimensional attributes, clients are
not dissatisfied if the attribute is not present.

The importance-satisfaction matrix presented in Figure 3 shows an example of multi-
dimensional scaling (MDS), which is a technique that graphically represents
interviewees’ perceptions and preferences regarding attributes present in a product or
service (Slack, 1997, Malhotra, 2001). The MDS has been used as a Marketing
research tool to help in the analysis of market segmentation, new product
development, and price analysis. The data collected with a questionnaire using a
Likert scale, as the one shown in Figure 2, provides the researcher with two
coordinates (importance, satisfaction), which are marked in a importance-satisfaction
matrix (figure 3).

Satisfaction > Importance

—_—

o
W

o
O
XM
&é&

S

Satisfaction

Importance > Satisfaction

—— Importance ————>

Figure 3: Importance-Satisfaction matrix

Analysis of coordinates in different areas of the importance-satisfaction matrix
allows developers and design teams to focus on different issues:
e [tems the clients value the most: e.g., items with high importance ratings.
e Requirements the company is failing to fulfill: e.g., items with high
importance and low satisfaction ratings.
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e Requirements overly fulfilled that don’t increase client satisfaction: e.g., high
satisfaction and low importance level.

e Requirements that may increase/decrease client satisfaction in a linear
fashion: e.g., items on the central diagonal indicate that client satisfaction
improves as the company improves product/service features and decreases as
the company fails to fulfill these requirements.

e Items within segments defined by lines parallel to the central diagonal: e.g.,
items under the central diagonal (importance < satisfaction ratings) may need
more urgent action depending on the delta between the satisfaction and
importance ratings.

RESULTS AND ANALYSIS

This section presents the results and analysis carried out for both projects, with a
discussion regarding how the methods were used to provide stakeholders with
information about what clients value most in the housing units analyzed.

Results and analysis for RPA

The results presented for RPA were part of the Requali network project carried out by
five universities in five different cities in Brazil, i.e., UFRGS, UFPel, UEL, UEFS
and UFC (leading institution). The main goal of Requali was to provide stakeholders
with information for the development of new housing projects for low-income
families. The Requali network carried out 727 interviews with clients of government
funded projects in five cities. In the city of Fortaleza, the same city where RPB was
developed, 125 interviews were carried out in three different projects (out of a total of
224 units). The projects evaluated were funded by the Brazilian Government under
the House Leasing Program (PAR). The PAR units had to be built under tight budget
and schedule constraints set by the funding agency, and there was a cap for the
maximum price paid for each unit delivered. Once PAR projects were approved, the
construction companies were assured a government owned bank (CAIXA) would
acquire all of them and take care of the leasing process.

The results of RPA showed that clients were very satisfied with the housing
units, with the highest levels of satisfaction found in the Southern Region Brazil, i.c.,
in Londrina, Porto Alegre, and Pelotas, where 85% of the clients were satisfied or
very satisfied with the units.

The five items customers liked the most were: location (32.3%), safety
(23.3%), design of the housing unit (19.4%), the PAR Program (13.8%), and living in
a housing complex/condo (11.1%). The five items clients disliked the most were: the
project management company (29.3%); the condo fees (19.5%); location (17.9%);
design of the condo common areas (17.7%); and safety (16.5%). It is worth noting
that project location and safety were spontaneously cited as items that clients both
liked and disliked the most, suggesting that both items deserve special attention as
they strongly contribute to client satisfaction.

The study also shows that clients in different regions of the country value
different items of the projects. This can be explained by cultural differences across
the country. In Southern cities, with lower temperatures during the winter, clients
consider the solar orientation of the units facing the sun as a positive factor. In the
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Northeast region this was viewed as a negative factor, as they are closer to the
Equator and face higher temperatures.

Also, as the clients cannot alter the unit during the design and construction
phases of PAR projects, they make changes after the unit is delivered. In the city of
Fortaleza, the main change observed was the addition of bars in the unit’s windows
and doors due to safety concerns (pointed out as a critical item). Finally, in Fortaleza,
the cross-analysis revealed that the most highly satisfied group was ‘adults without
kids’ followed by ‘couples without kids.” This suggests the units are not adequate for
families, as the level of satisfaction of groups with kids was low when compared to
other groups.

Results and analysis for RPB

The RPB comprise four different POA solicited by two construction companies
(Table 2). The projects investigated have similar characteristics, i.e., high-rise
buildings for medium- to high-income families. The POA was carried out by the
GERCON - construction research group at the Federal University of Ceara (UFC).
For RPB, 450 clients from 13 projects were interviewed in 4 years. Due to space
constraints, only the results for Company X in 2007 are presented to illustrate how
the method used in RPB was used and validated.

The main reason cited by clients to buy a unit in the projects offered by
Company X was location (37%), followed by size of apartment/space (22%) and the
leisure area/common area (12%). All three items are very critical items as developers
have strived to meet these criteria while orienting the units to the East. Avoiding
afternoon sun is important due to Fortaleza’s high temperatures and proximity to the
Equator (~ Latitude: -03° 43' 02"; ~ Longitude: 38° 32' 35").

Table 2: Summary projects and samples for RPB

Population, Sample (% Proiects
number of covered by the )
Research year o (number of
apartments (% research team) . ..
projects visited)
total)
Company X
2003 192 (100%) 128 (67%) 4
2005 208 (100%) 135 (65%) 4
2007 278 (100%) 162 (58%) 4
Total Company X 678 (100%) 425(63%) 12
Company Y
2008 46 (100%) 25 (54%) 1
Total (Company X and Y) 724 (100%) 450 (62%) 13

Table 3 shows a summary presented to developers at Company X. Overall, on
a Likert scale varying from 0 to 10, clients of Company X are satisfied (8.28) but
there is a negative delta (satisfaction - importance ratings) given that on average
importance ratings are higher (9.36) than satisfaction ratings. The item ‘project
appearance’ presents the lowest absolute delta, which means that client satisfaction
and importance ratings for this item are close (0.44), i.e. the company delivered what
clients expected. The highest absolute delta can be found in the ratings clients gave
to the company overall service (1.73), i.e., clients want the company to deliver a
better service.
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Table 3: Summary of results for Company X - 2007

. Project - X1 Project - X2 Project - X3 Total
tems

Sat. | Imp. | Deta | sat. | mmp. | Detta | sat | wmp. | Dewa | sat. | tmp. | Deita
01.Condo facilities and use 700 | 833 | 22| 787 | 932 | cnas [ 820 | eas | 23| 773 | 903 | 130
02. Quality of finishings 687 | 804 | 116 | 849 | 920 [ 080 | 703 | 879 [ 086 | 776 | 870 | -0,94
03. Project appearance 871 | 941 [ 071 | 903 | 950 [ 047 [ 871 | ss6 [ 004 | ss2 | 026 [ 044
04. Safety 800 | 965 | -1.65s | 7,82 [ 970 [ -2.87 | 893 [ 1000 | -107 | 825 [ 078 [ -1.53
05. Area distribution and size | ¢ gog |y 79 | a4 | 950 | 107 | 896 | 075 | 079 | 823 | oar | -1s
of rooms
06. Comfort (natural 846 | 949 | -103 | 856 | 954 | 098 | 918 | 986 | -068 | 873 | 963 | -0.90
conditions)
07. Electrical systems 860 | 902 | -051 | 866 | 950 [ 092 | 046 | o84 | 037 [ 891 | 951 [ -060
08. Hidraulic systems 875 | 939 | -064 | 863 | 956 | 093 | 898 | o84 | -086 | 879 | 960 | -081
?:(;n?)“al"y of finishings (oer |5 o) | o5 | 204 | 839 | 057 | -nas | 803 | 079 | 086 | s38 | 9aa | -106
10. About the Company X 800 | 1000 | 200 | 785 | 975 | -100 | 850 | oso | 130 | 815 | oss | -173
Comparison Sat. Imp. | Delta Sat. Imp. | Delta Sat. Imp. | Delta Sat. Imp. | Delta
Average 774 | 894 | -120 | 834 | os0 [ 05 | 876 | 963 | 087 | 828 | 936 [ -107
Standard deviation 124 | 081 077 | 026 0,77 | 044 093 | 050

In previous years (2003, 2005), clients also said the company needed to meet
deadlines and honor commitments, and they also complained that the company took
too long to solve maintenance problems. Finally, the negative deltas have shown that
company X has not exceeded client expectations, as none of the deltas were positive.
On average, importance was higher than satisfaction for all items. Another
interpretation is that the negative deltas show that company X has room for
improvement, and it is not investing money in features clients do not value.

CONCLUSIONS

The paper presented the method used to collect and analyze data in different types of
housing projects ranging from low-income, mass-produced projects to medium- to
high-income, high-rise apartments with some degree of internal customization. In
both studies some similarities were found, i.e., importance of project location, space
distribution, and safety, regardless of how much income clients earn. There was
evolution in the methodology from the first to the second project, so that the tools and
the analysis were better able to portray the items clients value and, at the same time,
indicate how satisfied the clients are with these items. When the results were
presented to developers and Government agencies, the researchers led a discussion
focused on the items that clients value the most and how they can be incorporated in
future projects. The way results are presented in RPB allows public agencies and
developers to prioritize what actions are more urgent depending on where project
characteristics stand in the importance-satisfaction matrix and how low or high their
deltas are. It is worth noting that in major cities, good pieces of real states are
becoming scarce and less affordable, and clients highly value the location of projects.
Therefore, developers will have to be more creative and precise while addressing
client’s needs.
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