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ABSTRACT: This paper is part of a continuing study on school buildings in the State of São Paulo, Brazil, where 

public education is an important instrument to promote social progress. The physical setting, as an essential partner 

to achieve productive learning experiences, should be based on a design process for high performance buildings. 

Assessments should occur at various stages along a non-linear structure. Knowledge is acquired and a feedback loop 

established. Appropriate evaluation methods are present to simulate comfort levels and other important functions of a 

building, to avoid as-built problems. Potential users should be involved in the decision-making process and a quality 

multidisciplinary design team must serve the needs of others with responsibility. In this paper a discussion is 

presented on the importance of evaluating school design proposals. Appropriate methods such as the Design Quality 

Indicator, the Comparative Floor Plan Analysis method and a multi-criteria optimization method are applied to 

designs for the public education sector in the State of São Paulo. Emphasis is given to methods that question the 

design process beyond the specifics of environmental comfort and their potential to measure aspects of pedagogy, 

aesthetics, function and construction quality of school buildings is discussed. 
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INTRODUCTION  

The importance of education cannot be 

underestimated and in developing countries, like Brazil, 

public education has always been an important instrument 

to promote social progress. Schools need to address 

issues that impact society and make sure that future 

citizens are capable of meeting the challenges that lie 

ahead. Schools should set an example to adequately 

represent the desired values of a specific time and place. 

These values can be externalized through curriculum 

contents, teaching methods and an engaging, comfortable 

and attractive built environment, expressed through 

school architecture that is appropriate [1, 2]. The primary 

issues to be considered in a school design process are 

related to functional aspects of the building to embrace 

the educational activities indicated by the pedagogy and 

educational system adopted. These issues change over 

time and are place-specific and one of the more urgent 

issues of social progress today relates to environmental 

questions and the means of implementing a society with 

more sustainable attitudes [3]. Schools have a key role to 

play, through their educational principles, expressed as 

well through a sustainable architecture.  

In this paper a discussion on the importance of design 

evaluation, as part of a recommended design process, is 

presented. Some evaluation methods are described and 

applied to school building proposals for the public 

education system of the State of São Paulo, where school 

buildings are managed by a government agency called 

FDE (Fundação para o Desenvolvimento da Educação). 

Findings are part of an on-going study, by the authors, of 

school buildings in the State of São Paulo. The work is 

further based on a previous study, which characterized 

the design process adopted by FDE, with indications of 

opportunities to improve this process and therefore the 

product, the local school buildings of the future [4]. 

 

DESIGN EVALUATION  

The quality of a building design depends on known 

design criteria and professional knowledge and practice, 

as well as feedback from building performance 

assessments and design evaluation methods. A revision of 

design requirements usually takes place at the 

programming stage and this is essentially analytical. The 

architectural program, or brief, will not determine the 

design solution, but should question known practices, 

“seeking out problems” and provide the design team with 

essential design data and quality indicators that can at 

various other stages be used for assessments [5, 6]. A 

successful program needs proper analysis of relevant 

literature and design data coming from POE studies on 

similar building types. Also, appropriate language is 

required to stimulate innovative design ideas without 

inducing or restricting the design according to the 

programmer’s own solutions.  

Design evaluations will differ in nature, in accordance 

with the goals of the analysis. Thus, assessments of the 

design proposal should have goals like [7]: meeting of 

expectations, identification of unexpected effects, 



PLEA2012 - 28th Conference, Opportunities, Limits & Needs Towards an environmentally responsible architecture Lima, Perú 7-9 November 2012 

 

 

signalling dead-end problems, blowing off steam, and 

creating or redefining design criteria. 

Specific goals drive the methods that support the 

evaluations and therefore the evaluation moments (in the 

process cycle) and the forms of representation of the 

project at the time of analysis. For example, to evaluate 

thermal comfort for a given environment the use of 

simulation tools are recommended. But these tools 

usually need well-defined design data (geometry, 

orientation and size of openings, activities to be 

performed, construction materials, etc.) and therefore are 

usually performed at the end of the design cycle. But at 

preliminary stages, when fundamental decisions on 

orientation, for instance are made, some basic comfort 

conditions should be assessed.  

Design evaluation involves comparisons between 

different proposals or designs at various stages. When 

analysing a design without judging others to compare, 

implicit references may be called for to recognize 

similarities and differences. Any judgment presupposes 

comparisons between the actual design under 

development and a reference example. Evaluations 

should bring to light intended impacts (as stated in the 

program) and those unintended. The unintended effects, 

or impacts, will usually be apparent due to specific 

problem solving moments in the design process, which 

may not have been included in the program. The effects 

(intended and unintended) should be viewed in relation to 

context (cultural, economic, technical, environmental, 

etc..) and a range of different proposals under scrutiny. 

Design evaluation is usually performed in an informal 

manner by design teams, not according to such specific 

models shown above [5]. Schön [8] called designers 

reflective professionals as constant evaluators, 

distinguishing reflection in action and reflection on an 

action. Reflecting in action takes place continuously 

during the development of a project, when the designer 

reflects on the validity of the solution that is emerging. 

Reflection on an action involves a mental remoteness 

towards the design activity, to ask whether the process is 

going well, or should be taken in another direction. To 

succeed in this task a useful set of skills are applied and a 

lack of reflection can lead the designer to explore 

unproductive paths. Designers should ask certain 

questions such as: what problems have been examined? 

Which are, or should be ignored? Also, the type of design 

communication, its formulation and stage of the 

development of the project should be questioned. At this 

stage also the procedure of applying types of constraints 

(legal, budget, technical, aesthetic, etc..) on the design 

can be productive [5, 9]. Important experiences gained 

from previous projects, and from reference designs help 

professionals in finding a productive path from problem 

to solution. Judging the potential of references is 

therefore important. This is a skill developed through 

observations and recording of examples.  

Assessment of subjective qualities of projects cannot 

be attempted through the reduction of design factors to a 

common quantitative measure. In general it is easier to 

defend a decision based on rational discourse, rather than 

intuitive ideas and for that reason the use of evaluation 

methods assists the designer in justification of his 

solutions. The effective design process also requires 

evaluation tools to guarantee desired results quickly and 

correct deviations. In architectural design it is unlikely 

that an optimized response for all design variables can be 

found, but organized evaluation phases are essential parts 

of a productive and quality design process.  

In the local school building design situation, 

minimum standards of care are only required and the 

design process is essentially linear, lacking a feedback 

loop of positive or negative design solutions. Thus a 

learning mechanism is excluded. Also, according to 

research on local Brazilian professional practice, 

designers use little reference material while designing, 

limiting them to codes and eventually some checklists 

[4]. Evaluations in the form of simulations and 

optimizations are rarely applied to designs and the design 

process does not include the participation of users. POE 

studies are not a regular activity of school design teams 

and building performance assessment data is not readily 

available for application to new designs. Thus, the local 

design process needs to be enriched and some tools are 

presented to that effect.  

 

 

DESIGN EVALUATION METHODS 

To indicate appropriate tools for local use, a literature 

search was conducted [10]. Tools were classified 

according to their evaluation methods such as: 

simulations, benchmarks or quality indicators, checklists, 

parameter classifications, parameters weighting and data 

presentation. Three methods were selected: Design 

Quality Indicator [11] Comparative Floor plan Analyses 

[12] and the Multi-criteria optimization method [13]. 

Data needed to test these methods differed according to 

the specific needs of each tool. A sample is 81 floor plans 

of local schools buildings was the primary source for 

these tests [14]. The tests evaluated the methods for 

aspects such as: the best moment in the design process to 

apply each method, the format of results and the richness 

of feedback to the design process. In this paper the 

authors conducted evaluations, therefore testing occurred 

under hypothetical situations.  
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DESIGN QUALITY INDICATOR 

(DQI for Schools) 

The Design Quality Indicator method is composed of 

four structural elements: conceptual grid, data collection, 

weighting of issues and “questionnaires” for the different 

stages of a design process: Program, Project, Occupation 

and Post-Occupation Evaluation. Three main aspects are 

evaluated: functionality, building quality and impact. The 

questionnaire addresses ten indicators: use, access, space, 

performance, engineering systems, construction, form and 

materials, internal environment, social and urban 

integration, innovation and characteristics. DQI for 

Schools has being used successfully, mainly in the United 

Kingdom [15]. 

Evaluators may agree or strongly disagrees on a 

seven-point scale and have the option to indicate “not 

applicable” or “do not know”. Each of the above listed 

aspects is judged through their indicators. Priorities are 

not pre-determined. The method stimulates dialogue 

between participants. General criticism to the DQI 

method exists [16, 17], however DQI for schools was not 

included. 

In this paper, DQI for Schools was applied to one of 

the 81 school designs of the FDE sample. The results are 

represented in a bar or spider diagram as shown in fig. 1.  

And table 1 quantifies the results. 

Table 1. Results of DQI for schools application to one FDE school. 

Indicators a b c d e f g h Tot. 

Access 6 1 1 1 2 0 0 1 12 

Space 5 3 2 3 0 0 0 1 14 

Uses 5 2 1 0 0 0 2 1 11 

Perform. 2 0 2 2 2 0 1 6 15 

Engineering 

services 

5 0 1 1 0 0 1 5 13 

Construct. 6 0 2 2 1 0 1 2 14 

school in 

community 

0 2 0 2 1 0 0 2 7 

Within the 
school 

8 1 2 0 0 0 0 1 12 

Forms and 

materials 

6 1 0 0 0 0 0 0 7 

Character 
and 

innovation 

6 0 1 1 0 0 0 0 8 

Total 49 10 12 12 6 0 5 19 113 

Legend: (a) Strongly disagree, (b) Disagree, (c) Tend to disagree,(d) 
tend to agree, (e) Agree, (f) Strongly agree, (g) Not applicable, (h) do 

not know  

The indicators with low scores should, after the first 

evaluation, run be revised. Also, during an evaluation 

session the designer will become aware of the fact that 

some criteria affects all three quality issues 

(Functionality, Building Quality and Impact) and 

therefore will not score equally for each issue. An 

example is lighting, which affects the “performance”, 

“internal environment” and “access” indicators. The 

“performance” indicator is concerned with the building's 

mechanical, environmental and safety systems. In this 

case, natural and artificial light levels must be adequate 

for activities and safe egress from the building. The 

“internal environment” indicator is concerned with visual 

aspects, the quality of lighting for internal use. Here 

quantitative and qualitative aspects should be judged, 

since lighting should not only make tasks possible but 

pleasurable as well. For example, a space should provide 

lighting free of glare, with a level of personal control and 

provide a sense of delight in reflecting textures, forms 

and colors. The “access” indicator is concerned with how 

easy it is for all people to get to the school and move 

around it, thus wayfinding is an issue. In this case, 

lighting levels must ensure safe exits from the building.  

Also the principles of Universal Design must be 

remembered and legibility of the building layout judged. 

 

 

 
Figure 1. DQI results applied to one FDE school project. 

The results of a DQI design evaluation are presented 

in the form of a work summary and design feedback. The 

tool is best applied at an early design stage since it 

encourages reflection and discussion and the assessments 

can change the directions of solutions. Although 
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restricted to 10 indicators, the quality and number of 

questions affect deep discussions. The systematic use of 

the method can provide learning experiences, depending 

on the quality of the evaluation team. To use DQI 

adequately a facilitator is recommended to manage the 

process and support the interpretation of results. 

For each specific situation DQI should be adapted to 

think within the specific functional type and local 

conditions, restrictions and recommendations. For 

example, in the case of FDE schools, site constraints are 

often an acute problem and an evaluation tool must take 

this into account. Also FDE schools are based on a 

prefabricated construction system and a structural grid is 

a strong design indicator. DQI for schools thus needs to 

be adapted for local conditions, which were shown to be 

possible due to the open question structure of the tool.  

 

 

MULTI-CRITERIA OPTIMIZATION METHOD 

The multi-criteria optimization method for school 

design environmental evaluation takes into account a 

compromised solution in the analysis of interdependent 

variables since to optimize all variables is impossible in 

design [13]. Design solutions are divided into two sets: 

excellent and not excellent. The main goal of the 

optimization theory is to help designers in their choices 

toward viable solutions during the design process. The 

excellent set of designs present themselves as better 

alternatives. 

The method can be divided into three phases. The 

school site dimensions are evaluated to take into account 

real situations that demand special attention by the design 

team, where optimization, for instance, of orientation of 

building volumes, is not an option. Then the floor-plan is 

analyzed in relation to best configurations of classrooms 

in relation to environmental comfort. This is based on 

expert opinion of a variety of space configurations in 

relation to orientation, direction of wind, acoustic 

interference of different functions.  

This method was applied to the 81 school designs of 

FDE, calculating the environmental comfort aspects 

(thermal, lighting and acoustics) through the optimization 

membership degree (MD) value. Initially, 34 schools 

designs were eliminated because of site restraints. 

Deliberator [4] inserted a phase in the local design 

process called "risk situations", where the architects 

should analyze whether or not site dimensions and forms 

offer significant restrictions to designs and proceed with 

special caution toward appropriate solutions.  

The application of this method results in a list of “best 

suited” designs identifies from a larger sample. Thus, of 

the original 81 school designs 34 were eliminated due to 

site restrictions and 13 schools and their MD values for 

thermal, natural lighting and acoustic comfort conditions 

are presented in table 2. These so-called “best” examples 

can then be developed further to improve the lower MD 

values through design detailing and specifications. For 

instance school 59 of table 2 should improve natural 

lighting conditions. The systematic use of the method 

helps to recognize better combinations of solutions for the 

design parameters of environmental comfort and 

stimulates design reflection. However there is an initial 

learning curve to apply such a method and interpret its 

results since the MD values are not typical factors 

considered in a design process. The multi-criteria 

optimization method is best applied at an early design 

phase, so that modifications can be introduced to 

optimized solutions where one or several comfort 

conditions can still be improved through better 

orientation, change in opening dimensions, introduction 

of acoustic barriers or shading devices or choice of 

materials that reflect or absorb sound, for instance.  

Table 2: Results of application of Multi-criteria Optimization 
evaluation method to FDE school projects  

School Thermal Nat. lighting Acoustics 

4 0,5 0,25 0,71 
10 0,73 0,88 0,17 
45 0,54 0,38 0,71 
51 0,4 0,23 0,71 
55 0,71 0,42 0,71 
59 0,8 0,4 0,71 
63 0,41 0,24 0,71 
64 0,64 0,35 0,71 
65 0,65 0,33 0,17 
73 0,57 0,29 0,71 
76 0,22 0,11 0,71 
77 0,71 0,42 0,71 
79 0,46 0,29 0,71 

 

 

COMPARATIVE FLOOR-PLAN ANALYSIS - CFA 

The CFA method compares a range of building 

layouts for similar organizations to gain understanding of 

the ways in which goals and values are expressed in 

spatial solutions. Also the way that essentially identical 

functions or activities are accommodated in one floor-

plan solution to another. Floor-plans embody the social 

nature of the building through which people are situated 

and their interactions are given support. Comparisons also 

serve to understand why differences in design solutions 

occur, by linking design alternatives to data from POE 

studies with experiences of users. This type of evaluation 

can support decision-making. Perception of 

(dis)advantages for use and (dis)congruencies between 

spatial and social systems can be better understood. The 

evaluation is an interactive and iterative process. In this 

process evaluation is guided by hypotheses, questions and 

notions of the designer and the client, data from POE 

studies, review of literature and so on, and also of the 

evaluator’s own hunches. The plans themselves also 
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generate ideas and hypotheses that can be checked further 

through other sources. As a result of this process spatial 

architectural choices become clearer, recognizable and 

debatable [12].  

For the application of this method two designs were 

compared as seen in figure 2. The designs were chosen 

since the two schools have comparative dimensions, with 

similar number of classrooms. The project architect was 

interviewed and literature on school architecture was 

reviewed. Design values could then be established. 

 
(a)  EE Jardim Ataliba Leonel 

 
 (b) EE Jardim Umuarama 

Figure 2. Floor plans of two FDE schools 

Table 3 shows the results of this evaluation with each 

school’s positive and negative points according to 

specific aspects of a design. Thus, site, building and 

rooms are evaluated on aspects of: location, topography, 

landscaping, access, circulation, orientation, proportion, 

zoning, openings, size, sun protection, hierarchy, 

standardization and flexibility. The aspect of 

"topography" was solved through "several plateaus", in 

school “b” and "single plateau", in school “a”, for 

economic reasons. This decision however impacts the 

access question of the building from the street and direct 

access to the physical education facilities. For these 

reasons, the classrooms were placed on the ground floor 

and the main entrance is located on the upper-most floor. 

Thus, the "single plateau" impacts directly on 

"economic", "functional" and "aesthetic" issues.  

This method is again best for the early design 

evaluation phases. Compared to the other two methods, 

CFA relates more directly to design processes as they 

occur in professional practice. Designers are motivated to 

understand the reasons for their design choices.  

 

DISCUSSION 

Three evaluation methods were applied to the specific 

case of school design in the State of São Paulo, Brazil and 

were shown to be most effective at the beginning of the 

design process when important decisions on volume, 

orientation and siting are made. Evaluation encourages 

reflection and the origins of design problems become 

more understandable and the results can be interpreted to 

aid decision-making and justification. 

The DQI and CFA methods are able to aggregate 

solutions and discuss them. The DQI needs a facilitator 

(manager) for the evaluation process and the participation 

of consultants and school staff members. CFA can be 

performed by an individual designer, although a team can 

contribute through several points of view. In these two 

methods reflection and discussion can create new 

questions and feedback. The multi-criteria optimization 

method generates a finite number of alternatives 

considered “better”. In this case, the method helps to 

identify good solutions that in the course of design 

development may be improved further.  

All three methods can increase design quality but 

should complement each other to encourage discussion 

and reflection as well as identification of positive and 

negative points of designs. The DQI method was shown 

to need adaptation for the local FDE conditions and is 

more appropriate to school design in Europe or North 

America and Australia where participatory design is 

already part of the design process. This adaptation should 

take into account that the facilitator could be FDE with its 

longstanding experience and that the traditional 

classroom is still the norm in public education in Brazil 

and therefore pedagogical discussions must be stimulated 

through questions on types of spaces, their uses and 

necessary layouts.  

For further work research should concentrate on the 

development of specific indicators for FDE designs and 
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site analysis mechanisms to support school planning as a 

whole and the selection of appropriate sites   
 

 

Table 3. Comparative floor-plan analysis of two FDE schools 

“a” & “b” of Fig. 2 

Evaluat. 

Scale 

Spatial/ 

functional features 

Description a b 

Site Location Urban setting + + 

  Can be extended - - 

  Regular shape - - 

  Agreement to Program + - 

 Topography Level change +

+ 

+

+ 

  Earth movement - - 

  Many plateaus +

+ 

- 

  Only one plateau - +

+ 

 Landscaping  - - 

Buildings Access Different access: staff &  

students 

+

+ 

+

+ 

  Different access: sport area 

&  

classrooms 

+

+ 

+

+ 

  Entry with access routes +

+ 

- 

  Entry access routes - + 

 Circulation Horizontal circulation: not 

central 

+

+ 

- 

  Horizontal circulation: 

central 

- + 

  Vertical circulation: central + - 

  Vertical circulation: not 

central 

- +

+ 

  Activities in circulation 

areas 

- - 

 Orientation Facade N – S - +

+ 

  Facade L - O + - 

 Proportion Vertical patterns - + 

  Horizontal patterns +

+ 

- 

  Urban impact +

+ 

+

+ 

 Zoning  Classrooms: last floor +

+ 

- 

  Classrooms: first floor - +

+ 

  Sports are near classrooms - + 

  Sports are far from 

classrooms 

+

+ 

- 

  Administration near 

classrooms 

- +

+ 

  Administration far from 

classrooms 

+ - 

Rooms Openings Located on main facades +

+ 

+

+ 

 Size Good use: common areas +

+ 

- 

 Sun protection Brise-soleil: N-O openings +

+ 

- 

 Hierarchy Free access: admin & sports +

+ 

+

+ 

  Classrooms far from main 

entry 

+ +

+ 

 Standardization Stock plans + + 

 Flexibility Centralized resources + + 

  Decentralized resources - - 

  Adaptability of classrooms - - 

  Many classrooms groups - - 

  Multiuse purpose + + 

  Effective layout - - 

Legend (++) Good design solution 

 (+) Less appropriate solution 

 (-) No solutions or unable to evaluated 
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