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ABSTRACT: “Baixa Pombalina” , the downtown and historic district of Lisbon is one of the most important pieces of 

urbanism and architecture ever built in Portugal, and is at present time a UNESCO World Heritage nominate . Those 

Buildings were built after the great earthquake of 1755, for housing, commercial, and services` functions. And they 

constitute a rational and functional approach for health and comfort to their residents, translating the state-of-the-art of 

architecture at the time, through the use of lighting and natural ventilation. In this research study, buildings of “Baixa” 

are observed as a scenario where residents of 21st Century live in spatial and built structures of 18th Century. This paper 

is about environmental controls within current thermal and lighting performance of “Baixa Pombalina” Buildings. It 

analyses the efficacy of those buildings from the passive design point of view, as well as the habits of its occupants in 

controlling and regulating the devices available in “Baixa” buildings at present time. A questionnaire model was 

developed to study bioclimatic performance of offices, and residences selected in “Baixa”. And field work involved a 

survey where workers of fifteen offices and residents of five houses participated. Results demonstrate the importance of 

architecture elements such as buildings’ inner yard (“saguão”), and the closed-space organization, in the opinion 

occupants have about controlling thermal and lighting environment presented in interior spaces of “Baixa”.  

Keywords:  Baixa Pombalina, Building Performance, Environmental Controls, Comfort and Occupancy (Inside & 

Outside) 

 

 

INTRODUCTION  

This study aims to identify the architectural elements of 

Baixa that allow a satisfactory environmental control. In 

particular, to identify among categories of type of inner 

yard “saguão”, interior space, system, window, natural 

lighting, or orientation of the building. To this purpose, 

an evaluation was conducted on thermal performance and 

on user’s satisfaction with available environmental 

control devices, such as windows, doors, shading 

elements, and mechanical heating or cooling devices. 

The evaluation was based on a survey, whose model was 

specifically developed for users of Baixa buildings, in 

Lisbon. 

 

 

METHODOLOGY 

A survey was conducted among subjects who live or 

work in Baixa, in Lisbon. The study was conducted in 20 

fractions in 19 diverse buildings of Baixa, in housing and 

office spaces. Offices range from small private offices to 

large Governmental Ministries and Institute’s offices. 

249 subjects were surveyed, and 18 fractions were 

observed during winter and summer of 2009. The variety 

of office and housing situations - in function, type of 

building, type of floor fraction, size, and location - is 

representative of the variety that exists in Baixa. It was 

chosen to divide the study in Winter and Summer 

seasons, being the most representative of the opposite 

extreme situations that influence spaces during the year: 

Cold and dark compared to warm and bright climates. 

 

 The survey consists of a questionnaire to be answered 

by building users, and a characterization of each fraction 

of the building. In this characterization, architectural 

features were registered in the following categories: 

orientation type, inner yard’s “saguão” use, interior 

space type, system type, device type, window type, 

glazing type, natural lighting type, and ceiling type. 

Therefore, this study’s statistical approach is based on 

the interest in establishing an association between: 

•variables that characterize the fraction; 

•and variables that characterize people’s response to their 

fraction. 

 

 To this purpose, subjects were distributed by the 

several architectural features meanwhile individualized. 

Therefore, to each architectural feature (e.g. type of 

space) corresponds a number of questionnaires ranging 

from N=19 to N=115. 

 

 This approach was based on research about the 

importance of controls in satisfaction and well being in 

offices [1, 2]. The model of the survey was based on 

research about architectural features in offices [3]. 
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 The study attempts to identify architectural features 

where users express satisfaction with temperature 

controls, and where evaluated thermal performance 

varies with the ability to control. Thus, elements of Baixa 

which allow a satisfactory thermal performance by 

means of controls can be identified. 

 

 This research attempts to relate users’ satisfaction 

with temperature controls with buildings’ thermal 

performance evaluation by users. Thermal performance 

was evaluated by answers on frequency of feeling cold in 

Winter and warm in Summer, and satisfaction with 

temperature, in Winter and Summer. 

 

 Attempts were made to find if there is, and what are 

the architectural features in which a dependency 

association occurs between the following variables: 

• Satisfaction with temperature controls; 

• Frequency of feeling cold (Winter) and warm 

(Summer); 

• Satisfaction with temperature (Winter and Summer) 

 

 Two sets of relevant association of variables were 

formed: 

 

• SC & FS (W+S): 

 Satisfaction with temperature controls & Frequency of 

feeling cold in Winter/ warm in Summer. The occurrence 

of a significant association indicates a dependency 

between frequency of feeling cold (Winter) or warm 

(Summer), and satisfaction with available means to 

regulate temperature for both seasons. 

 

• SC & ST (W+S):  

Satisfaction with temperature controls & Satisfaction 

with temperature, in Winter and Summer. The 

occurrence of a significant association indicates a 

dependency between satisfaction with available means to 

regulate temperature throughout each season, and 

satisfaction with temperature, for both seasons. 

 

 It was found the architectural features in which each 

of precedent associations occur, as well as the features 

where both of precedent associations occur. 

 

 Architectural features in which both of variables 

association SC & FS and SC & ST occur, are the ones in 

which there is a dependency between thermal 

performance and control. Therefore are the features in 

which can be shown that thermal performance evaluation 

depends on users’ ability to control. E.g. in closed-space 

type, opinion about thermal performance depends on 

users’ ability to control temperature. 

 

 This association of variables was tested using the 

statistical calculation operations of chi-square (using 

Fisher test), and correlation tests (using Spearmans 

formula). Only association of variables that meet the 

following conditions are validated and considered 

significant: a) Spearman’s correlation is significant (p<α, 

where α=0,05 or α=0,01); b) Fisher’s exact chi-square 

test is significant at 0,05 level. 

 

 

DISCUSSION OF RESULTS 

The  following tables 1 and 2 show the sets of 

architectural categories, and respective features where 

relevant variables association are observed, designated 

SC & FS (W+S), and SC & ST (W+S). 

 

   
 
Table 1and 2: Categories and Features in which are observed 

relevant variables association SC & FS and SC & ST . 

 

 

 Table 1 lists architectural categories in which the 

variables association SC & FS occurs, revealing the 

features where satisfaction with controls is associated to 

frequency of feeling cold in Winter and warm in 

Summer. Table 2 lists architectural categories in which 

the variables association SC & ST occurs, revealing the 

features where satisfaction with controls is associated to 

satisfaction with temperature. 

 

 The following tables 3 and 4 show the intersection 

between sets of relevant associations of variables SC & 

FS (W+S), SC & ST (W+S), and all features found (listed 

in tables 1 and 2). The given values are related to 

respective operations of correlation and chi-square. 

Correlations are considered as low value between 0 and 

0,3 (light green), and as moderate value between 0,3 to 

0,7 (green). 
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Table 3: Significant associations of SC & FS by categories. 

 

 Table 3 shows the operations of correlation and chi-

square test between the association of variables SC & FS 

and various architectural features listed. It is observed 

that among all features, significant correlations have 

negative value. Meaning that satisfaction with controls 

increases as frequency of feeling cold/warm decreases. 

 

Table 4 shows the operations of correlation and chi-

square test between the association of variables SC & ST 

and various architectural features listed. It is observed 

that among all features, significant correlations have 

positive value. Meaning that satisfaction with controls 

increases as satisfaction with temperature increases. 

 

 In tables 3 and 4 it is observed that features “saguão 

– ventilation and lighting” and “closed space layout” are 

those where there are both associations SC & FS and SC 

& ST. Thus, means that these characteristics are those in 

which there is a dependency relation between thermal 

performance, and temperature controls. 

 

 

 

 
 

 

Table 4: Significant associations of SC & ST by categories. 

 

 In tables 3 and 4, it can be observed that categories of 

“saguão” used as “ventilation and lighting” and “closed 

space” layout are the ones that show significant results in 

all sets of relevant associations, in both winter and 

summer seasons. It is also noteworthy that within these 

two types of association (SC & FS, SC & ST), these 

characteristics are the ones that show all these 

associations, either in the Winter as in the Summer 

seasons. Furthermore, both are represented by an 

acceptable number of subjects, where N ranges from 

N=54 to N=97. 

 

 Among all traits, there is a set of features that at a 

secondary level also stand out, in which only occurs one 

set of variables’ association : type of system “NV + Pac” 

(SC & FS), orientation “L” shape in directions “N/S and 

E/W”, device type “AC”, window type “de sacada”, type 

of natural lighting “4 side openings”, and type of ceiling 

“false” (SC & ST). Because with these features there only 

occurs one set of variables’ association SC & FS or SC & 

ST, it is not shown that with these features thermal 

performance depends on the ability to control. 
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 The category of buildings inner yard “saguão” for 

“ventilation and lighting” use presents results that 

suggest that there are significant associations of variables 

FS & SC, ST & SC; both for winter (N=89) and summer 

(N=54) seasons. -With correlations overall ranging from 

-0,21 (p <0,05) to 0,52 (p <0,01). The category of type of 

space layout “closed space” shows results that suggest 

there are significant associations of variables FS & SC, 

ST & SC; both for Winter (N=97) and Summer (N=94) 

seasons. -With correlations overall ranging from 0,21 (p 

<0,05) to 0,49 (p <0,01). 

 

 The condition that in a given characteristic are 

obtained significant results in relevant associations SC & 

FS and SC & ST, confirms a relation of dependency. 

However by itself does not prove satisfaction with 

temperature controls. In order to demonstrate there are 

the mentioned relations of dependency plus satisfaction 

with controls, it is still necessary to observe expressed 

satisfaction. To this end, the level of satisfaction with 

temperature controls was analyzed, which was expressed 

by respondents among those categories. 

 

 

 
 

Table 5: Percentages of satisfaction with temperature controls. 

 

 

 Table 5 presents a comparison of satisfaction with 

controls between the highlighted characteristics “saguão-

ventilation and lighting”, “closed-space layout”, and its 

complementary features (“competitors”), “saguão- only 

lighting” and “open-space layout”, in Winter and 

Summer.  

 

 It can be observed that satisfaction with controls is 

higher in the features “saguão– ventilation and lighting” 

(Vry.Satisfied+Satisfied= 77% Wtr. e 82% Smr.) and 

“closed-space layout” (Vry.Satisfied+Satisfied= 69% 

Wtr. e 82% Smr.) than in the features “saguão –only 

lighting” (Vry.Satisfied+Satisfied= 43% Wtr. e 58% 

Smr.) and “open space layout” (Vry.Satisfied+Satisfied= 

53% Wtr. e 58% Smr.). Meaning that these features 

allow a satisfactory environmental control. 

 

 In this analysis, the features “saguão” for 

“ventilation and lighting” use, with the kind of space 

layout “closed-space” were highlighted . Presented 

values suggest that environmental control devices, such 

as mechanic devices and other non-mechanic means such 

as windows and shading devices, are more effective in 

these features than in their complementary features 

“competitors” such as "only lighting”, and “open-

Space”, in Winter and Summer seasons. 

 

 To isolate an architectural element is difficult because 

elements are always combined with other elements. E.g. 

any type of glass is always combined with a given 

orientation. A legitimate question is whether the 

association of variables occurs due to a particular 

architectural feature, or due to a combination of several 

architectural features where that association of variables 

occurs. With this study’s sample, one may not be able to 

obtain results of architectural features completely 

isolated. But can obtain however, results from some 

features whose performance stands out (eg “ventilation 

and lighting” and “closed-space”). Despite the inherent 

limitations of sample size, this study was able to identify 

architectural features that stand out: among all features, 

and in comparison to their complementary features (eg 

closed and open-space-layouts) 
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Figure 1: Example of a “saguão”, with "ventilation and 

lighting" use, in Baixa, in Lisbon. 

 

 

 
 

Figure 2: Example of a fraction with a closed-space layout, in 

Baixa, in Lisbon. 

 

 

Figure 1 shows an example of a buildings’ inner yard 

“saguão”, enabling the ventilation and lighting use 

within fractions. Figure 2 shows an example of a fraction 

with a closed-space layout. Both are located in Baixa, in 

Lisbon. 

 

 

 

 

 

CONCLUSIONS 

From the above analysis, the following conclusions 

regarding architectural features can be drawn: 

 

1) The importance of using the buildings’ inner yard 

“saguão” for ventilating and lighting functions. 

 

 It is concluded that the type of buildings’ inner yard 

“saguão” used with the dual purpose of ventilating and 

lighting reveals important for satisfaction with 

temperature control devices. Within the category of inner 

yards, “ventilation and lighting” type stood out in 

relation to complementary type “only lighting”. 

Therefore, it is the function of ventilating that here is 

highlighted by results. One can deduce that expressed 

satisfaction with controls is due to the ability to ventilate 

from the inner yard “saguão”. It is the control devices 

that are within fractions, facing the inner yard, which 

users can control: the window, or the shutter – for 

allowing thermal radiation, for shading, but especially for 

ventilation. 

 

2) The importance of having a “closed space” layout. 

 

 Within categories of interior space layout, “closed 

space” type stood out in relation to complementary 

“open space”. Factors such as size, closeness, intimacy, 

and fewer people around might contribute for the 

expressed satisfaction with controls. E.g. windows, 

doors, interior doors, mechanical devices. Several 

authors have addressed the relation between perceived 

control and individual spaces [4], or the size of space [5]. 

That is, as already observed in previous studies 

conducted within the spatial dimensions and controls, in 

this study it was also observed a relation between the 

type of space and satisfaction with controls. Results of 

this study suggest that in spaces with closed-space 

layout, relations between controls and thermal 

performance are emphasized. 

 

 In this study, results show the architectural elements 

“saguão” for “ventilation and lighting” functions and 

“closed space” layout, stand out in a wide range of other 

elements. It was observed that in these elements, there is 

a relation between thermal performance, and temperature 

controls. It was also observed that there is a satisfactory 

environmental control with windows, shading elements, 

and heating and cooling devices, in these types of inner 

yard “saguão” and interior space layout. For these 

reasons the inner yard “saguão” for ventilation and 

lighting, and closed space layout were revealed as 

elements that provide satisfactory thermal performance 

by controlling the internal environment of buildings of 

Baixa, in Lisbon. 
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