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ABSTRACT 

With respect to environmental quality, two popu
lations of exis1i11g buildings are apparent-those with 
known problems (i.e .. problem buildings) and those 
with 11onexistem problems (i.e. healthy buildings). A 
new discipline. kno1~ 11 as building diagnostics, may be 
employed to identify and recommend solutions for prob
lem buildings and to provide re(lsonable assurance that 
healthy buildings are not being compromised. Howevt}r, 
the diagnostics procedures needed to address these two 
populations are somewhat different and present a di
lemma. The accuracy of b/,li/ding diagnostics procedures 
tan be evaluated by how well an actual event and the 
diasnosis (i.e. , measurement or prediciion and the oc
currence of an evem) agree. Two ways exist in which an 
actual event and the diagnosis can agree (i.e. , 1wo kinds 
of correct outcomes); "true-positive" and "irue-nega
tive. " Similarly, there are two ways in which the event 
and the diagnosis can disagree (i.e., two kinds of errors): 
called "false·fOSitive" and "false-negative." Building di
agnostics performed for problem buildings seek to max
imize the "true-positive" outcome (i.e., correctly 
diagnose an event) and minimize the "false-negative" 
oz!tcome (i.e., fail to diagnose an event}. Conversely, 
diagnostics performed for "buildings without known 
problems" (i.e. either healthy buildings or problem 
buildings) seek to maximi~e the 'true-negative" outcome 
and minimize the "false-positive" or the "false-negative" 
ouicome dependent on the relative risks incurred. A di
lemma exists in using building diagnostics for this Lauer 
building population: ls ir better 10 use diagnos1ics pro
cedures which err to~vard the "! alse-positive" or the 
"false-negative" ourcome? 

In this paper, these two building populations are 
characterized, the basic concepts of building diagnostics 
are discussed, and the diagnostic procedures for problem 
buildings and buildings withow known problems re
specrively are presemed. Criteria used for evaluation 
and election of instrumentation required for diagnostics 
to achieve the desired objectives are also discussed. 

INTRODUCTION 

Two populations of exis ting buildings are apparent when 
indoor environments are evaluated: chose wi1h known prob
lems (i .e . . pr blem building ) and those without problem 
(i.e .. healthy buildings). Ba. ed o n a random survey in 19 5 
of 600 office workers in the .S .. it ha been hypothesized 
that 20% of office worker~ (i.e .. 20% of bu ild ing ) have prob
lem which are manifes1ed as symptom a ociated wirh sick 
buildings ndrome (Wood et a l. i987a). Thu . in the com
plementary 80% of the u.S. building stock, these problems 
are either nonexistent (i.e., healthy buildings) or not known 
to exist. 

A new discipline, known as building diagnostics, may be 
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emplnyed to identify and recommend solutions for problem 
bullding and to provide assurance that heqlthy buildings are 
not being compromised . Building diagnostics is described as 
" ... a process in which a killed expert draw on available 
knowledge, techniques. and instruments in order to predict 
a building's likely performance over a period of time" (Bui ld
ing Re earch Board 1985). Building diagnostic consists of 
foµr essential steps: 1) knowledge of what to mea ure, i> 
availability of appropriate instrumentation , 3) expertise in 
interpreting result of measuremem . and 4) capability of 
predicting building performance. Fr9m the e cep . recom
mendations should follow that can improve system perfor
mance. A a derivative of building diagnostics. the two 
protocol (i.e. problem buildings and buildings without 
known problem ) introduced in this paper are ba ed on these 
four teps. 

Building diagnostic procedures provide a mechanism to 
characterize a building in terms of three sets of parameters: 
1) the type and location of sources of contaminants, 2) the 
four building elements that comprise a building system (i.e., 
structure, envelope, interior spaces, and services), and 3) 
performance characteristics during the life of the building. 

The overall objective of this paper is to discuss hgw a 
common approach to building diagno 1ics can be used either 
to identify and evaluate cause of problem buildings or to 
provide reasonable assurance that design and operation of 
healthy buildings (including building without known prob
lems) meet acceptable criteria. Specifically. !hi paper char
acterizes these two populations of buildings, describe 
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procedures for establishing evaluation criteria for diagnosing 
them, and highlights the similarities and differences in the 
respective diagnostic protocols. 

CHARACTERIZATION OF BUILDING 
POPULATIONS 

Problem Buildings 

Problem buildings generally can be classified either as 
having occupants who are experiencing symptoms which are 
characterized as sick building syndrome (SBS), building-re
lated illness (BRI), or both (Figure l) (Woods 1988). When 
the complaints of a set of symptoms, including headaches 
eye irritation, sore throat, fatigue, dizziness, drowsiness, and 
nausea, persist at frequencies significantly above 20% among 
occupants for periods of longer than two weeks , when the 
sources of complaints are not obvious, and when occupants 
usua!IY obtain relief outside of the building, the building is 
considered to manifest SBS (Building Research Board 1987). 
The symptoms associated with SBS are actually related to 
responses of "acute discomfort" rather than frank illness 
(e .g., fever, infection, tissue deterioration) . If symptoms of 
frank illness are present, the condition is often classified as 
BRI. Examples of this latter condition are occurrences of 
some nosocomial infections in hospitals (i.e . , most nosocom
ial infections result from person-to-person transmission 
rather than airborne transmission) , humidifier fever, and Le: 
gionellosis . 

An important difference between situations classified as 
SBS or BRI is that the etiology of SBS (e.g ., a specific chem
ical contaminant) may not be necessary, as complaints are 
often resolved by increasing system ventilation, by discussions 
with the occupants, and by improved system maintenance. 
On the other h~nd, the etiology of a BRI incident usually 
must be determined before a solution can be implemented. 
In some instances, complaints registered by occupants do not 
exactly meet the symptoms that can be characterized as either 
SBS or BRI (e .g. , complaints of environmental tobacco 
smoke). Complaints in these buildings can be characterized 
as "discomfort" rather than SBS or BRI. 

When diagnosis of SBS or BRI reveals methods of con
trol that can mitigate the problems, the building is then de
scribed as a "problem building" and engineering solutions 
are usually employed. 

Buildings without Known Problems 

Healthy buildings should have an absence of problems 
when evaluated by a building diagnosis. From a practical 
perspective, it is recognized that an occupied facility cannot 
exist without some problems. It is therefore suggested that a 
healthy building be characterized by three sets of criteria: 
human responses (e.g., no known clinical signs of BRI, and 
the frequency of reported SBS symptoms and discomfort 
complaints should be significantly below 20%); system per
formance (e.g., compliance with environmental criteria, un
contaminated air distribution ductwork and mechanical 
equipment, ease of maintenance, and proper balance of ex
haust and makeup air); and service factors (e.g., periodic 
inspections of HV AC systems, accurate records of occupants' 
complaints, scheduled filter changing, and HY AC system 
control calibration) (Woods 1988) . If problems are identified, 
then the building is no longer characterized as a healthy build
ing and diagnostic procedures used in problem buildings are 
performed . 
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DIAGNOSTIC STRATEGIES 

The accuracy of building diagnostics procedures can be 
ev;_iluated by how well_a~ actual event and the diagnosis (i .e. 
measurement or pred1ct1on of the occurrence of an · . . . event I 
agree. Two ways (Figure 2) exist m which an actual . . . e~m 
and the diagnosis can agree; that 1s, two kinds of corrc 
outcomes, called "true-positive" and "true-negative" (S ct . . ~b 
1988)." S1m1~arly, t~ere are two :'ays in which the event and 
~~e diagn~s1s c.~n disagree; that ts, two kinds of errors, called 

false-pos1t1ve and "false-negative." 
Building diagnostics performed for problem buildin 

s~ek to maximize the "true-positive" outcome (i .e .. correct~ 
diagnose an event) and minimize the "false-negative ·· oui
come (i .e., fail to diagnose an event). In these buildings. 
problems are assumed to exist, thus diagnostic procedu;es 
are used which '"focus" the evaluation on those parameters 
that directly impact the known problem areas and exclude 
other areas. (i .e . . diagnosis by exclusion). This diagnostic ap
proach 1s different from the approach taken by investigators 
who attempt to utilize conventional industrial hygiene hazard 
evaluation techniques in non-industrial buildings . More strin
gent environmental criteria are established and instrumen
tation for obtaining data must be appropriately sensitive . For 
these cases, some "false-positive" outcomes are expected 
(Swets 1988). 

Conversely, diagnostics performed for healthy buildings 
(including buildings without known problems) seek to ma;. 
imize the "true-negative" outcome and minimize the "false
positive" outcome or the "false-negative," dependent on the 
relative risks incurred. In these buildings, diagnosis by inclu
sion is used. Thus, the "scope" of the diagnostic procedures 
is large (i.e . , encompassing the entire building) and not "fo
cused" on a known problem area (i.e., a specific area in the 
building). If it is believed more desirable to minimize the 
"false-positive" outcome, relatively lenient performance cri
teria are established and instrumentation for obtaining data 
may be less sensitive. If it is judged more desirable to min
imize the "false-negative" outcome. more restrictive perfor
mance criteria and more sensitive sampling and analysis 
methods, such as those used in problem buildings, will be 
used. 

A dilemma exists in using building diagnostics for build
ings without known problems: Is it better to use diagnostics 
procedures which err toward the .. false-positive " or the 
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"fal e-negative" outcome? The answer will depend on the 
benefits ascribed to the correct outcomes and the costs as
cribed to the incorrect outcomes. For example predicting the 
occurrence of an excessive concentration of bacteria that doe 
not occur (i.e., a false-posi1ive) is regarded as having a cost 
that is small relative to the cost of failing to predict an oc
currence that does occur (i.e . . fal e-negative), so the criteria 
adopted for a positive diagnosi are on the stringenr side. 
Conversely, lenient criteria are established when the cost of 
a false-positive outcome i disproportionately high. Take, for 
example. the case of an office where no SBS or B Rl symptoms 
have been reported. If em·ironmental monitoring is done in 
this office for volatile organic compound (VOC) using sen-
itive techniques, and the results indicate concentration to 

be in excess of stringent performance criteria , it may be dif
ficult to justify the high cost of additional ventilation to reduce 
voe concentrations in thi office area considering the un
certain risk of continuing exposure at the concentration mea
sured . 

The ba ic principles of building diagnostics provide guid
ance in resolving this dilemma. Clearly , in both classification 
of buildings, the investigator has two choices: 1) take rigorous 
objective measurement for all possible contaminants; or 2) 
as a first step characterize the bujlding as a "system" com
prised of building elements (i.e., structure envelope, interior 
spaces, and services), formulate a preliminary hypothesis 
(i.e., evaluate the relationships between contaminant 
sources symptoms, and building systems), identify prelimi
nary recommendations, and perform additional diagnostics 
as necessary . Obviously . rhe first option is neither technically 
nor economically feasible . The second option is not only tech
nicaUy and economically feasible, but is consistent with the 
basic philo ophy of building diagnostics (i .e ., knowledge of 
\ hat to measure , availability of appropriate instrumentation, 
expertise in interpreting results of measurements, and ca
pability of predicting building performance) . 

ln both popularions of bui ldings. the fir r step in building 
diagnostic i to determine ev2luation criteria. Next, the 
building i characterized a a complete "sy tem. ·• In problem 
buildings, only those relationships that impact the problem 
area are evaluated (i.e .. a limited cope of the problem). In 
buildings without known problems, the interaction of building 
systems in the entire building is characterized until all existing 
or potential problem area are identified and evaluated for 
compliance with criteria . Once problem area are identified , 
diagnostic procedures for both building populations are sim
ilar. Next. the evaluation focuses on specific possible contam
inant sources, symptoms, and sy tern interaction in the 
problem area(s) by formulating a " preliminary hypothesis." 
Finally. (he evaluation validates or modifies rhe preliminary 
hypothesis by obtaining only the objective and subjective data 
which are neces ary to validate the hypothesis . 

Diagnostic procedure performed in the initial stage of 
building evaluation provide the mechanism by which a 
" trained'" diagnostician can "qualitatively·· (i .e ., with ut 
measuring data) determine. with reasonable confidence. the 
acceptability of the indoor environment and evaluate the need 
for additional diagnostics . Philosophically. the . ame diag
no tics procedures can be used in both problem buildings and 
in buildings without known problems. The primary difference 
between the two populati<m of buildings i~ that the "·cope" 
of the initial step in the evaluation is larger in buildings with
out known problems than in problem buildings. However, 
more rigorous diagnostic procedures (i .e . . establishing ad
diti.onal criteria and obtaining objective <md ·ubjective data) 
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are not employed until an initial qualitative evaluation is per
formed and a need for quantitative diagnostics is identified. 

OUTLINE OF PROTOCOLS 

As a derivative of building diagnostics, the two protocols 
(i.e., problem buildings and buildings without known prob
lems) introduced in this paper are based on the four steps of 
building diagnostics (Figure 3). These protocols utilize both 
engineering principles for system analysis and scientific prin
ciples for measurements of contaminant concentrations and 
for human responses (Woods et al. 1987b) . They take ad
vantage of the understanding required to evaluate compliance 
with both prescriptive and performance criteria for acceptable 
indoor air quality. 

A fundamental aspect of both protocols is that knowl
edge is required of the relationships that exist among the 
building, its systems, and its occupants. For problem buildings 
and buildings without known problems, diagnostics are per
formed by a three-phase procedure. 

Problem Buildings 

Phase 1: Consultation. The objective of this phase is to 
focu diagno tic procedures on the problem area(s). In this 
phase the building is characterized in four categories: 1) 
structure , 2) envelope, 3) occupied spaces, and 4) building 
services. The structure and envelope (e.g. foundation, load
carrying elements , exterior walls , windows doors, roof, etc.) 
are inspected. Available plans and construction documents 
are reviewed to characterize heat transfer rates through the 
envelope and routes of contaminant transport from outdoor 
sources. This characterization includes identification of po
tential contamination of makeup air intakes; integrity of va
por barriers in walls and roofs; and deficiencies in the 
foundation, structure, and envelope which allow transport of 
moisture and other contaminants into the building. The scope 
of the investigation and its objectives are defined, a prelim
inary hypothesis may be formulated , and preliminary rec· 
ommendations may be pre ented to the client. 
"Measurements" during this phase consist of ·•professional 
observations" by the investigators . A preliminary determi
nation of what subsequent measurement may be required to 
better characterize the building is also made during this phase. 
The scope of the problem may be one specific area of the 
building or the entire building. 

Phase 2: Qualitative Diagnostics. If this phase is needed 
to test the preliminary hypothesis or to validate the prelim
inary recommendations. it will be accomplished primarily 
through engineering analysis techniques. In this phase ad
ditional performance criteria for the various functional areas 
of the building will be defined. If heallh problems are not 
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suspected, analysis of system performance will be initiated, 
and measurements will be limited to those required to eval
uate the system servicing the problem arca(s) . Thermal and 
contaminant loads that are generated within these areas are 
estimated for subsequent analysis of system performance . The 
services are characterized by inspection, objective measure
ments, and review of plans and construction documents. The 
capacities of the HY AC systems are evaluated in terms of 
their capabilities of meeting the thermal and contaminant 
loads imposed on them. Control strategies and systems are 
evaluated to determine their effectiveness in providing the 
required energy-efficient and cost-effective environmental 
conditions within the occupied spaces . However, if health 
problems are suspected (BRI), immediate medical attention 
will be recommended for the affected occupants. Based on 
results of the medical evaluation, specific pollutants may be 
identified, and airborne and bulk samples of suspected pol
lutants will be obtained, as described in Phase 3. 

An important aspect of this phase is that measured data 
are not always essential to identify and solve problems. 

Phase 3: Quantitative Diagnostics. If further investi
gation is needed to test the hypothesis or to validate the 
recommendations, quantitative measures of airborne contam
inant concentrations, bulk samples, and other environmental 
parameters will be acquired through a systematic format. 
Also, a thorough quality assurance/quality control program 
will be implemented. In this phase, both objective measure
ments of the physical environment and subjective responses 
of the occupants are obtained. To characterize the interior 
spaces, a systematic, efficient procedure is followed to iden
tify "areas of maximum and minimum potential exposures" 
within each functional category of the building. Objective 
measures of thermal, acoustic, lighting, and air quality may 
be obtained in these areas and in the outdoor air by use of 
instrumentation specifically adapted and standardized for this 
purpose . Simultaneously , subjective measures of occupant 
responses (i.e., perceived responses, symptoms, and demo
graphics) ma~' be obtained in these areas by use of question
naires developed and standardized for this purpose . 

Buildings without Known Problems 

The diagnostics procedures for buildings without known 
problems are similar to those used in problem buildings, with 
two exceptions. First, the scope of the procedures used in the 
first phase (i.e., consultation phase) is greater since the entire 
building must be characterized and not just problem areas. 
Second. the procedures provide the building owner or oc
cupants with a choice af two "levels" of assurance (i.e., con
fidence level) that problems do not exist: 1) a "reasonable" 
level of confidence based on qualitative evaluation of the 
building characteristics (i.e., qualitative assurance), or 2) a 
greater level of confidence based on the results of obtaining 
objective data (i .e., quantitative assurance). In either pro
cedure , criteria are first established for the three components 
that characterize a healthy building: 1) the overall indoor 
environment (i.e . , thermal, lighting, acoustic, and air qual
ity), 2) the system performance (i.e., ventilation efficiency, 
adequate outdoor air. proper air balance and distribution, 
supply and return air ductwork that is not conducive to con
taminant accumulation, and ease of maintenance), and 3) the 
service factors (i .e . , periodic inspections of all components 
comprising the HY AC system, scheduled filter changing or 
cleaning. scheduled control calibration. scheduled air and hy
dronic balancing of the system, structured preventive main
tenance program , and proper records to document occupant 
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complaints and symptoms . If the qualitative assurance Pro
cedure is chosen. compliance with criteria is based on ob
serving the general conditions (i.e., characterization) of the 
facility that exist during the time that the evaluation is per
formed (i.e., professional judgment). No objective or sub
jective measurements are obtained . This evaluation 
procedure results in a "reasonable" level of confidence that 
the environmental quality, system performance, and service 
factors comply with selected criteria; however, no record of 
actual indoor air quality data is provided. If the quantitative 
assurance procedure is selected, areas with maximum poten
tial for indoor air quality problems are selected. Objective 
and subjective data are obtained in these areas and evaluated 
for compliance with criteria. The objective of either evalu
ation procedure is to identify any existing or potential prob
lem areas with reasonable confidence and develop 
preliminary recommendations as necessary . If no problems 
are identified, the building can be considered " healthy. " 

CONCLUSIONS 

Two primary conclusions can be derived from the con
cepts of building diagnostics presented here: 

1. The same principles of building diagnostics developed for 
investigating problem buildings are also useful for ensuring 
the performance of healthy buildings; however, 

2. The scope of the investigation and the criteria used for 
compliance evaluation differ for these two populations of 
buildings (i.e., the investigation of a healthy building is 
more inclusive, but the criteria may not be as stringent). 
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