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Abstract 

The concepts of quantity and quality are implicitly implied in the term Indoor Air Quality (IAQ). 

The Building Environment Unit (BEU) of the Technical Services Branch of Alberta Infrastructure 

(AI) is a government group responsible for conducting IAQ Assessments in the Government of 

Alberta (GOA) owned and leased buildings.  The BEU conducts IAQ assessments that are either 

reactive or proactive, with the first in response to an IAQ complaint and the latter as part of a 

regular inspection of the building’s parameters.  

In March 2011, the Building Operators Management Association contacted the BEU through 

another GOA department to undertake proactive verification of the air quality in selected GOA 

buildings as part of the BOMA BESt Initiative.  Based on testing which occurred over 

approximately three (3) years in a wide variety of GOA buildings, as well as previous experiences 

and a review of recent IAQ literature, a cross-sectional, convergent-parallel, mixed-method study 

design for measuring both quantitative and qualitative information that may pertain to the 

perceived quality of the air inside GOA Buildings is proposed.   The quantitative parameters 

proposed to be measured include: reviewing building documentation, inspecting the different 

components of the air handling unit(s), measuring Comfort Parameters, dust levels, airborne 

chemicals, supply and return airflow, and air pressurization in the occupied areas of the building. 

The qualitative measurements proposed to be observed include: interviewing the occupants of the 

building and asking them about their past and present perceptions and experiences concerning the 

building’s IAQ.    

 Although the proposed BOMA IAQ Assessment method collects IAQ primarily on the day of the 

assessment, and is therefore prone to ‘Healthy Worker Bias’, the method is judged to be 
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comprehensive and it provides ways to limit errors that may be caused by selection bias and 

confounding factors.   One of these methods includes selecting random and non-random air 

sample locations within the building.  
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1.0. Introduction and Objective  

1.1. Introduction 

As will be shown in the proceeding research, the concepts of quantity and quality are implicitly 

implied in the term Indoor Air Quality (IAQ).  Built environments consist of a wide variety of 

materials and systems.   When such items interact and age, they can readily change and emit a 

wide range of biological and chemical agents, as well as, various forms of energy into the 

surrounding air which can impact those who occupy these spaces. By measuring the responses of 

a large number of people within indoor environments and then constructing an acceptable range 

for each of the parameters, the person’s qualitative or personal experience can be transformed 

into quantitative data.    

To begin, it is important to clearly define the concepts of quantity and quality. Generally, quality 

is often used to indicate how good or bad something is perceived to be.  When a person says their 

meal was bad, it means they believe it had a poor level of quality.  Yet, another person can have 

the same meal and say it was good.  In contrast, the food may go through a series of scientific 

tests measuring or quantifying bacteria and nutrient levels and be considered acceptable.  

These examples are given to illustrate how quality appears to be a reflection of personal 

preference and can not only vary between people, but also within the same person, whereas 

quantity is a non-personal standard which does not vary.  To emphasis this difference, the 

present research will define Quality as: an internal, personal standard which cannot be readily 

measured by external means and Quantity as: an external, environmental standard which can be 

readily measured by external means.  It can then be suggested, that with quantity being 

inherently easier to measure, it has become a surrogate and often a replacement for quality.      
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It should also be re-emphasized that although quantifying qualitative experiences allows for the 

construction of IAQ Standards, these standards are based on the averaged experiences of the 

population. Because of this, it could be hypothesized that not only may an individual’s personal 

IAQ standards not occur within the averaged range, but as more IAQ tests are performed for one 

person, so will the likelihood that the person’s IAQ preferences not occur within all of the 

averaged ranges of the parameters being tested.  Therefore, if only quantitative measures are 

being taken to represent the Indoor Air Quality, it is possible that the perceived IAQ of some of 

the people, even if they are healthy, will be deemed unacceptable; and it may also be possible 

that the IAQ of those that are not healthy is measured as being acceptable.            

1.1.1. Working Definition of Indoor Air Quality (IAQ) 

In order to measure or quantify IAQ, the process must be guided by a clear and concise 

definition of indoor air quality.  In 1986, WHO described Indoor Air Quality as, ‘Physical and 

chemical nature of indoor air, as delivered to the breathing zone of building occupants, which 

produces a complete state of mental, physical and social well-being’ (WHO, 1986). In 

comparison, the American National Standards Institute/American Society of Heating, 

Refrigeration and Air Conditioning Engineers (ANSI/ASHRAE) Standard 62.1-2013 (2013a) 

defined acceptable IAQ as: ‘Air in which there are no known containments at harmful 

concentrations as determined by cognizant authorities and with which a substantial majority 

(80% or more) of the people exposed do not express dissatisfaction.’ Furthermore, 

ANSI/ASHRAE’s Standard 55-2013 (2013b) implies thermal comfort is also an important aspect 

of IAQ. The WHO definition suggests IAQ is a result of many aspects of a person and is not 

easily defined, whereas the ANSI/ASHRAE definition is more determinate and is guided by 

specific ranges.  Nevertheless, health and comfort appear to be fundamental concepts of IAQ.  
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Due to these opposing definitions, it seems prudent to compose a definition highlighting the 

seminal aspects of both definitions for this research.   To this end, by applying both concepts of 

quality and quantity a more comprehensive definition is formed; with the former emphasizing 

the WHO definition, and latter more akin to ANSI/ASHRAE standards. This means the 

definition of IAQ should not primarily rely on measurements (quantity) without considering the 

context and perceptions (quality). For example, while it is possible to define comfort in 

engineering terms - such as flow rate, temperature and humidity - Evans and Cohen (1987) found 

many other factors can affect well-being.  Amongst these elements, cited works by Delongis et 

al. (1982) and Kanner (1981) concluded ‘daily hassles’, such as environmental events and 

interpersonal problems can greatly affect comfort.  Therefore, daily hassles are prominent and 

can readily affect personal experiences within any environment, including the indoors; implying 

a person’s reaction to them needs to be considered when measuring IAQ.   

Based on this information, the definition of Indoor Air Quality needs to be more inclusive. While 

the WHO (1986) definition is well-constructed, it emphasizes only those elements in the 

breathing zone and the ANSI/ASHRAE (2013a and b) definitions are too deterministic. In 

keeping with what may or may not affect a person, and how they may respond to it, the 

following IAQ definition is proposed for this research: ‘A person’s complete response to 

elements within an indoor environment which may cause them excessive stress, and which may 

attribute to their acceptance of the indoor air.’  In response, it could be argued this definition is 

vague and unhelpful, allowing anything to cause anything else.  However, as the course of this 

thesis will argue, with IAQ being a complex construct, not only because of the variety of 

biological, chemical and forms of energy contained within it, but also the occupant’s diverse 

reactions to it, a meaningful definition needs to consider all facets of the environment.   
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1.1.2. IAQ Assessments - Quantitative or Qualitative Standards 

The focus of an Air Quality Assessment predetermines which standard or preferred state the 

measurements are compared against. The focus of what is referred to as a (1) building-centered 

assessments is to determine if quantitative standards are being met.  This may be done to 

measure if the building’s mechanical systems are working within design specifications. The next 

type is designated as an (2) occupant-centered assessment, where the assessor undertakes an 

investigation to determine if both the buildings quantitative IAQ measurements, as well as, the 

occupant’s individual standards of acceptable Indoor Air Quality are being met. The last type is 

(3) Financial Assessment to determine whether health outcomes such as increased sick days and 

increased WCB claims within a building could be associated with inadequate IAQ.  As such, 

each type of assessment is based on a particular focus and a particular standard, but it does not 

mean an actual inspection will only employ one (1) objective.   

1.1.3. IAQ Assessments/Investigations – Reactive or Proactive    

Along with specifying the objectives of an Indoor Air Quality Assessment and their associated 

standards, is the question of cause and effect.  Based on Alberta Infrastructure Guidelines 

(Government of Alberta, June 2006) reactive and proactive are the two (2) major types of Indoor 

Air Quality Assessments.  A reactive IAQ Assessment is in response to specific building 

occupant complaint(s).  In these circumstances, there may be one (1) or more symptoms 

expressed by one (1) or more occupants that may be related, information requiring a response in 

a specific part(s) of the building.  Depending on how specific the symptoms are, as well as the 

characteristics of the environment, the more pre-determined the response will be. There is also 

the proactive type of IAQ Investigation that is not complaint-driven.  Although a building 
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operator or other third party has no specific concern in any described area of the building, the 

assumption is they would like the general air quality checked against the standard to know if it 

meets the standard and what actions they should take if there is a deficiency.  

1.2. Objective  

1.2.1. Background  

In early 2011, the Building Environment Unit (BEU) of the Technical Services Branch (TSB) of 

Alberta Infrastructure (AI) was contacted by a department within the AI Property Management 

Division, Facilities Environmental, to conduct proactive IAQ assessments in Alberta 

Government Buildings.  The specific request relayed to the BEU to conduct IAQ assessment was 

from representatives of the Building Operators Management Association of Canada (BOMA) 

BOMA BESt Energy and Environmental Program. The intent of the assessments was for GOA 

buildings to achieve BOMA BESt designations. More specifically, as stated in the 2010 BOMA 

BESt Energy and Environmental Report, the purpose of the assessments was to generate ratings 

and recommendations for building improvement (BOMA, 2010).  

At that time, the BOMA process involved three (3) parts including: Assessment, Education and 

Verification (BOMA, 2010).  According to this document, assessments involved the building 

operator/owner filling out 175 questions for the following six (6) different areas: Energy (35%); 

Water (8%), Waste Reduction and Site (11%), Emission and Effluents (17.5%), Indoor 

Environment (17.5%), and Environmental Management System (11%).  The BOMA Report 

(2010) indicated that education would occur by guiding the building managers and their teams 

through the building review from an environmental prospective. Verification would take place 

when the applicants’ submitted information was audited by a third-party. 
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In view of this framework, the BEU was being tasked to undertake verification.  However, since 

verification is a proactive process, and the BEU mostly performed reactive or complaint-driven 

investigations, a methodology had to be developed.  In order to start the process, at the beginning 

of the research period (PHASE I) an IAQ Assessment BOMA Protocol (Appendix A) was co-

developed by this researcher in the Building Environment Unit based on previous field 

experience and the following statement given in the already cited BOMA document (2010): 

Environmental management of a building needs to be done in comprehensive way 

that also considers the health and comfort of occupants  . . . This includes indoor 

ventilation, filtration and humidification.  . . control of pollutants at source . . .  

Because the concepts of health and comfort are mentioned in this document, and they are 

associated with the indoor environment, it was assumed by this researcher that the Building 

Operators Management Association understood both quantitative and qualitative standards were 

involved in assessing a building’s IAQ and in keeping with the offered working definition of 

Indoor Air Quality stated in this thesis.  

In overview, from March 2011 until late 2014, approximately 50 BOMA Indoor Air Quality 

inspections were performed by the Building Environment Unit of Alberta Infrastructure 

(Appendix B).  During this period, the initial PHASE I Protocol (Appendix A) was implemented 

and then modified as needed based on the lessons learned by the assessment team. This 

information resulted in updated protocols (Appendix C and D) which were used during PHASE 

II of the assessments which lasted until late 2014. The following is a brief list of the lessons 

learned by this researcher, most of which were rooted in the assessor or building operator not 

clearly understanding the difference between quantitative and qualitative standards:  
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1) Quantitative IAQ standards, and their set variables, including the acceptable ranges, 

encompass and define the concepts of ‘health’ and ‘comfort’;  

2) Deviations beyond acceptable ranges in the quantitative IAQ variables may or may not 

be the major contributors to IAQ complaints and concerns;  

3) IAQ Assessors can acquire and use the necessary IAQ equipment to measure and 

clearly define these IAQ variables;    

4) The IAQ variables measured on the day of inspection reflect conditions that lead to the 

initial IAQ complaint;    

5) Only quantitative observations are empirical, and therefore scientific, implying any 

other data, such as qualitative measurements, are perceived to be less valid;  

6) Quantitative variables are perceived to be more representative of the IAQ than the 

occupants’ qualitative perceptions; 

7) Indoor Air Quality (IAQ) Questionnaires are the only acceptable means of acquiring 

qualitative data. 

1.2.2. Specific Objectives  

The Main objective of this thesis is to propose an occupant-centered, proactive methodology for 

conducting Building Operators Management Association Indoor Air Quality Assessments 

(BOMA IAQ Assessment) of the Government of Alberta (GOA) buildings. The proposed 

methodology will incorporate the acquired experience and lessons learned by this researcher in 

the Building Environment Unit during the initial three (3) years of conducting BOMA IAQ 

Assessments in the GOA buildings.  This methodology will be based on the premise that the 
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acquisition and analysis of both quantitative and qualitative data is vital in not only 

understanding the building’s ventilation and mechanical system’s ability to provide a healthy and 

comfortable environment to the occupants, but also the building operator and associated staff to 

maintain them. This thesis entails PHASE III of the research, which proposes a cross-sectional, 

convergent-parallel, mixed-method study design as a means to achieve this goal.  This method is 

a starting point for the formalization of a BOMA IAQ Assessment process that can be applied to 

the GOA buildings throughout Alberta. The thesis will evaluate the strengths and weakness of 

this proposed methodology and offer a number of recommendations.   

Implementing the proposed methodology can achieve primary and secondary goals. A primary 

goal of this research is to enable the analysis and interpretation of acquired quantitative and 

qualitative data to produce recommendations to improve the Indoor Air Quality of the assessed 

buildings.  The goal is not to meet all of the occupant’s IAQ requirements, but to acquire a 

sufficiently comprehensive sample so as to represent the majority of the occupant’s IAQ 

concerns in the building, and then to consider their possible impact on the health and comfort of 

all of the building’s occupants.  Those factors appearing to be related to the building, and can be 

corrected, are then listed and recommendations to correct them are given to the building operator 

and associated Alberta Infrastructure staff. A secondary goal is to group together the data from 

the individual buildings to look for common associations between general causes and potential 

impacts.  If such commonality is found, it would be recommended this information is proactively 

applied to GOAs buildings that have not been assessed. 
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2.0.     Literature Review  

2.1.     Recent IAQ Assessment Research  

Spengler and Sexton (1983) highlighted the need to measure conditions inside buildings which 

may be related to the occupant’s health.  In their article, the researchers comment that since 

outdoor and indoor air has different compositions and concentrations of airborne chemicals, and 

with people spending a majority of their day indoors, there is a need to emphasize the importance 

of the affects of indoor air pollution on the occupants and means to improve air quality. After 

analysing potential hazards in the indoor environment, and acknowledging the complexity of the 

sub-systems involved, the researchers concluded a comprehensive evaluation was required, 

including measuring: emission sources, dilution, indoor concentrations, human activity patterns, 

exposures and health effects.  In respect to considering qualitative IAQ standards, the researchers 

stated the importance of obtaining information about individual perceptions of indoor air quality. 

Nevertheless, Spengler and Sexton (1983) did not detail how such measurements should be 

taken, or if the response should be reactive or proactive in nature or both.  

In the same year, Turiel et al. (1983) published an article concerning Indoor Air Quality 

Assessments as a result of occupant complaints in an office building.  In response to occupants’ 

symptoms in a San Francisco office building, including eye, nose and throat irritation, the 

investigators believed IAQ could be quantified either directly by measuring the concentrations of 

indoor air pollutants, or by measuring the ventilation rate, and then inferring IAQ from it.  The 

parameters measured included: temperature, humidity, carbon monoxide, carbon dioxide, 

nitrogen dioxide, formaldehyde, other organics, particulates, odour and microbial burdens. Along 

with these parameters, the investigators gave the occupants a small nine-point scale 
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questionnaire (Fig. 1) to obtain subjective information on odour perception and other indoor 

environmental factors. Each of the parameters was rated by the occupants in terms of 

acceptability which was then compared to an outside group’s perception of odour exposed to the 

same air.  This qualitative information was used to determine if the ventilation rates were 

acceptable.  

 

 

Figure 1 - Nine Point Scale Indoor Air Quality Questionnaire (Turiel et al., 1983). 

With time, researchers have discovered other compounds can influence Indoor Air Quality.  

Posniak et al. (2005) measured the mean indoor air concentrations of Volatile Organic 

Compounds (VOCs) in 50 offices in five (5) office buildings in Warsaw. In all of the buildings, 

the Indoor VOC levels were higher than outdoor levels throughout the year, including those with 

air conditioning, mechanical and natural ventilation (Fig. 2 and 3). In addition, the researchers 
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used this information to determine if the subjective information could be used to assess the air 

purity in the office.   In their conclusion, the authors wrote the level of indoor VOCs were high 

enough to cause the perception of sick building syndrome in some of the workers. The authors 

were also concerned with an apparent absence of health-based Indoor Air Quality Standards for 

the office working environment.   

 

Figure 2 - Top Figure Shows Mean Concentration of TVOCs in the Indoor and Outdoor 

Environments During the Spring and Summer Seasons (Posniak et al., 2005). 

Fig. 3: Bottom Figure Shows Mean concentrations of TVOCs in the Indoor and Outdoor 

Environments During the Autumn and Winter Seasons (Posniak et al., 2005). 

Saraga et al. (2011) research in various built environments highlights the complex nature of 

Indoor Air Quality and how it is affected by numerous factors.  In various buildings, including a 

museum, printing shop and an office building, measured concentrations of airborne compounds 
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depended not only on the air exchange rate of the mechanical systems, but also the building’s 

design and orientation.  Variations in ambient levels of organic compounds within the Print Shop 

are shown in Figure 4. The researchers concluded that the physical layout and items within the 

space can affect the IAQ and such be accounted for during the assessment.  This implies the 

number of test locations in which air samples are taken should not be based primarily on the 

floor area.  If this is done, the complexity of the indoor environment may be passed over, 

creating a situation whereby important elements of the building that may influence quality of the 

air could be overlooked. This research stresses the importance of choosing the test locations and 

the time the testing is done based on onsite observations.   

 

Figure 4 - Inorganic Compounds in Various Sections of a Printery: A) Presser; B) Bookbinding; 

C) Dispatch. (Saraga et al.,2011).  
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Other studies support the importance of formalized IAQ standards and methodologies for non-

industrial work places. In a paper by Ismail et al. (2010), Indoor Air Quality of two (2) 

Malaysian high rise buildings was measured.  The researchers claimed the methodology they 

developed and used was both quantitative and qualitative, with the qualitative aspect of the study 

design being described as a ‘walk-through approach’ which included interviews (Fig. 5
1
).  

However, upon closer inspection, the purpose of the walk-through did not appear to be to 

interview the occupants of these buildings, but to identify potential indicators of IAQ issues.  

The factors described by the authors included: visual evidence of moisture problems or microbial 

contamination, the presence of unusual odours, potential and actual locations of specific 

pollutant sources, pollutant pathways and pressure differentials, review of the ventilation air 

conditioning systems, and evidence of excessive settled dust.  

 

Figure 5 - Study Framework for IAQ Testing (Ismail et al., 2010).  

Although the researchers list of factors was comprehensive (Table 1), including pressure 

differences between the test areas, it is somewhat vague. Since the authors did not clearly define 

what they consider to be quantitative and qualitative measurements, there is no way to know if 

                                                           
1
 Typographical error in the upper box in the first column was present in the original figure.  
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they were able to adequately perform such testing.  Furthermore, if it is assumed the term 

qualitative is supposed to mean perception and it is of the assessor’s and not of the regular 

occupants of the building, the authors did not state why the assessor’s perceptions were more 

important than the occupants’.  Moreover, if we accept the suggestion quantitative standards are 

external to the perception of those who are being tested, then the interview was actually 

quantitative and not qualitative.  

Table 1.  Summary of Indoor Air Quality Parameters Monitored (Ismail et al., 2010).   

 

Researchers in Hong Kong gave an overview of the importance of adequately measuring IAQ, 

including increased involvement from the occupants (Chan, 2011). Chan (2011) cites a Hong 

Kong Environment Protection Department (2003) study which reports poor IAQ can cause a 

number of illness; including absenteeism and lower worker productivity.  Along with describing 

a detailed list of items within the workplace that can emit chemicals, Chan (2011) cited the 

World Health Organization (2000) who estimated up to 30% of modern commercial buildings 

have substandard IAQ.   Chan’s research involved taking IAQ measurements at a local learning 

centre and commercial building, including the occupant’s feedback with questionnaires before 

and after the assessment to gauge IAQ improvement based on recommendations made during the 

initial assessment. In addition, the researchers tracked the number of occupant IAQ complaints.  

However, it must be noted the questionnaires were prepared to solicit feedback from selected 
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occupants, based on, amongst other measures, those with the highest rate of complaints. 

Therefore, the researchers assumed those who complained the most must also have had the 

worse Indoor Air Quality issues.  Nevertheless, the authors concluded IAQ issues were very 

complex, and due to this, require the involvement of all the stakeholders through good 

communication.  

Within the Chan (2011) article, the authors cited a 1991 document authored by the U.S.EPA and 

US Department of Health, stating Indoor Air Quality assessments should be inclusive.  The U.S. 

EPA and NIOSH (1991) article stated poor IAQ can reduce productivity due to occupant 

discomfort and can strain the relations between landlords and tenants, employers and employees.  

In an overview of Section 3 of the U.S EPA and NIOSH (1991) document, it is stated effective 

communication is required of all parties affected by Indoor Air Quality, including the operator, 

to clarify responsibilities and increase the likelihood of finding and correcting potential IAQ 

problems.  Furthermore, the researchers believed even small IAQ problems not adequately 

resolved through cooperative problem solving could cause the occupants to become frustrated 

and mistrustful, leading to disruptive and potentially costly consequences. These findings imply 

Indoor Air Quality Assessments should include input from the people who are mostly affected by 

the issues, namely the occupants.  Their involvement would not only include defining the issues 

and measuring them, but also possible ways to resolve them.  Therefore, the U.S. EPA and 

NIOSH view effective communication as a key aspect of a productive and meaningful IAQ 

investigation, requiring input from the occupants.    

Other researchers believe it is necessary to devise a multidimensional action checklist to fully 

evaluate the Indoor Air Quality. According to Syazwan et al. (2012), the lack of assessment 

activities and studies on Indoor Air Quality (IAQ) in many non-industrial workplaces, especially 
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in small and medium enterprises, have been identified as problems requiring a solution, and 

countermeasures need to be discussed at both the national and worldwide levels for their 

resolution.  Syazman et al. (2012) saw using a proactive comprehensive checklist as an effective 

tool because many commercial building operators do not conduct inspections until there is a 

complaint.  To these researchers, it was more logical to conduct a risk assessment of the indoor 

environment to pinpoint areas which are, or could become IAQ concerns than waiting for 

complaints to drive the process.  Their checklist (Table 2) consisted of seven (7) core elements, 

including both quantitative and qualitative elements. Element Six is Perception of Indoor Air 

Quality, which covers perceived IAQ concerns as stated by the occupants, including evidence of 

occupant complaints and discomfort, with the assessor describing the general perceived feeling 

of the occupants toward working in the particular workplace.   However, the authors did not 

define the method (s) used to acquire and describe the occupants’ perceptions.  

While most studies use the term Indoor Air Quality to indicate the health and comfort of the 

indoor environment, other researchers suggest a more comprehensive term. Ncbue and Riffat 

(2012) devised a formula which computed a numerical output referred to as Indoor Environment 

Quality Index (IEQindex) consisting of: Thermal Comfort (TC), Indoor Air Quality (IAQ), 

Acoustic Comfort (AC) and Lighting (L). The IAQ subindex was defined as the occupant’s 

satisfaction with the ventilation and levels of contaminants in their work areas.  As part of their 

methodology, the researchers offered a correlational method called the Passive Observational 

Method (POM), using field measurements and a comprehensive questionnaire (Appendix E) to 

determine the relative importance of each of the terms in the IEQindex.  Represented as a formula, 

researchers weighted the different factors in the following way (Ncbue and Riffat, 2012):  

IEQindex = 0.30 x TCindex + 0.36 x IAQindex + 0.16 x Lindex + 0.18 x Accindex. 
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Table 2. Multidimensional Checklist for Evaluating Indoor Air Quality (Syazman et al., 2012).  

 

These weightings imply IEQ is most strongly influenced by IAQ and least by lighting.  In 

conclusion, the researchers stated the Indoor Environment Quality Index had value because it 

relies on empirical data as well as the occupants’ subjective evaluations. However, since the 
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weightings were based on a limited number of buildings, any conclusion these researchers 

offered may not be easily generalized to other types of buildings.  

Furthermore, in an effort to quantify the quality of the environment conditions, Syzman et al. 

(2012) appear to have oversimplified some of the IAQ dimensions.  First, these researchers did 

not consider the question of whether Thermal Comfort is the only means of measuring comfort.  

In addition, the IAQ Questionnaires (Syazman, 2012) asked about the occupants’ perception at 

the time of the survey and not about previous time periods. This is a concern because the amount 

of time it took for the assessors to conduct the IAQ testing represented a very small fraction of 

the total time the occupants have been inside the building. Therefore, the likelihood of their 

questionnaire or even the measuring equipment accurately capturing events that may affect and 

reflect the building’s IAQ is inherently low.  It is very important to realize the built environment 

is very dynamic, not only changing due to the building’s mechanical system’s ability to respond 

to fluctuations in its input parameters, but also as a result of the activities of the occupants.  Any 

methodology used to measure such a dynamic system has to be able to capture such changes.        

Other researchers consider the amount of manpower and resources required to conduct the 

assessment as important.  Asadi et al. (2013) proposed an IAQ audit methodology (Fig. 6) that 

was claimed to be effective because it was sufficiently comprehensive, as well as, efficient.  It 

appears the researchers had defined efficiency as being a result of focusing the inspection in 

areas of the structure with identified IAQ concerns.  Prior to the onsite inspection, the process 

started with a review of the buildings floor plans, which was then followed by a walkthrough of 

the building, including feedback from the occupants.  This information, along with observations 

of the potential pollutant sources, including ‘swift verification of CO2 levels’, and pre-evaluation 

of the hygienic and maintenance conditions of the HVAC system was then used in the third step 
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of their methodology to determine the number and locations of the sampling locations.   

Although the researchers concluded the investigators needed to correlate measurements with 

onsite observations to quickly determine the extent of the IAQ concerns, it could be asked if such 

an efficient method may overlook the importance of adequately engaging the occupants.  

Because their paper did not describe which criteria were used to pick those who gave feedback, 

and in what form the feedback was given, this question was not answered.   

 

Figure 6 - Indoor Air Quality Audit Methodology (Asadi et al., 2013).  
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The cited studies associating quantitative with qualitative data highlight the usefulness of 

questionnaires in IAQ Assessments, however this form of data accruement has inherent 

limitations.  In the introduction of this paper, quantitative and qualitative standards were 

differentiated based on whether the standards were internal or external to the person they were 

applied to.  In the following excerpt, Mayan (2009) explicitly offered an understanding of the 

differences between the two concepts:  

Qualitative inquiry is primarily naturalistic, interpretive, and inductive. By 

studying naturally occurring phenomena, qualitative researchers attempt to 

interpret or make sense of the meaning people attach to their experiences or 

underlying a particular phenomenon. Qualitative researchers work inductively 

from individual cases (the data) and not from a pre-existing framework or a 

particular theory. We qualitative researchers must use creativity, sensitivity, 

flexibility as we try to make sense of life as it unfolds. Consequently, we are 

not concerned with the control of particular variables within a setting but 

instead invite context, complexity, and ‘confounding variables’. This requires 

patience and the ability to live with enormous amounts of ambiguity.  

As such, although a questionnaire may be well-written and include all of the physical parameters 

and contaminants which have been previously associated with IAQ in other buildings, and could 

be filled out by a majority of the occupants, the categories offered are by default pre-determined 

and restrictive.  Due to this, a questionnaire is not naturalistic, and can interfere with the 

subject’s ability to adequately express themselves in their own terms. It can also cause the 

assessor to disengage themselves from the occupants.  If the assessor is lead to believe the 

questionnaire is an effective enough tool to gather qualitative data, they may reduce their 
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interactions with the occupants. It could also be suggested that since the questions on the survey 

are based on the external standards of the researcher, and may also not be adequately 

representative of the unique aspects of the building being assessed, many IAQ questionnaires are 

more quantitative than qualitative in nature.         

Research by Boxer (1990) indicated Psychological Factors are very important in a person’s 

perception of how healthy or comfortable an environment is.  One of the key messages from 

Boxer’s work is that although a stressor within an environment may not be objectively related to 

a measurable attribute of the air; other factors, such as workload, job satisfaction, and levels of 

anxiety, can be subjectively related to the environment by the occupants.  Moreover, if those who 

are assessing the IAQ are not aware of the association and the need to address it, it will further 

complicate any form of rectification.   

Boxer (1990) believed many building managers upon hearing occupants’ concerns only 

expended a minimum amount of effort in listening to and then considering the psychological 

ramifications of the IAQ issues.  By doing this, and not accepting the unique perspective of those 

affected, these managers often undertook a number of unnecessary or superficial Indoor Air 

Quality Investigations that did not address the occupants’ primary IAQ concerns. Due to the 

complexity of a person’s interaction with, and perceptions of their environment, the assessor has 

to partake in more inclusive and interactive engagements with the occupants. It could be 

suggested interviews offer more engagement, allowing the assessor a better understanding of 

what the occupants might perceive as the cause of their Indoor Air Quality concerns. 

Other studies indicated a relation between the psychological factor referred to as Sense of 

Coherence (SOC) and perception of Indoor Air Quality.  SOC (Antonovsky, 1987) is the extent 
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to which the stimuli in a person’s internal or external environments may impact them and their 

ability to cope. As summarized by Runeson et al. (2003), this definition can be broken down into 

three (3) parts:  1) Is the stimuli structured, predicable, and explicable? 2) Are there resources 

available to the affected person to meet the demands of the stimuli? 3) Is the level of engagement 

with the stimuli based on demands of the stimuli and sense of worthiness of such a level of 

investment?  Runeson et al. (2003) concluded SOC was a strong predictor of whether a building 

is perceived to have poor IAQ by its occupants.  Moreover, Runeson and Norback (2005) 

concluded a person’s personality is an important factor in whether medical symptoms, work 

satisfaction, work stress, and climate of corporation at work are reported. These researchers’ 

findings, and the premises it was built upon, affirms the importance of a person’s internal 

perception of their environment and how it may affect their comfort and health.   

2.2. IAQ Standard/Guidelines  

2.2.1. BOMA IAQ Guiding Documents  

2.2.1.1. BOMA BESt Application Guide, BOMA Building Environmental Standards Version 2 

(Revised July 2013) 

The 2013 overview of the BOMA BESt (BOMA, 2013a) process is similar to the 2010 document 

which was previously described in the Section 1.2.1, Background.    To assess the environmental 

performance of a building, the program still uses six (6) key features, including: 1) Energy; 2) 

Water; 3) Waste and Site; 4) Emissions and Effluent; 5) Indoor Environment; and 6) 

Environmental Management Systems.  As of early 2015, Version 2 is the latest BOMA guide, 

and includes an online assessment with three (3) core elements, which are: 1) 14 BESt practices 

questions, 2) full assessment (175+ questions) and 3) on-site verification by a third party.   
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2.2.1.2.  BOMA BESt Assessment Overview: BOMA Building Environmental Standards 

OFFICE Module (Revised August 2013) 

The six (6) Assessment sections of the BOMA Office Module (BOMA, 2013b) are the same as 

the 2010 version, but the weightings are slightly different.  The indoor environment section was 

increased from 17.5% to 18% while the ‘Emissions and Effluents’ has been reduced from 17.5% 

to 17.0%  The beginning of the Indoor Environment section states that a comprehensive 

approach is necessary in considering an occupant’s health and comfort.  However, given 

Thermal Comfort, or ones satisfaction with the thermal environment, is the only form of comfort 

mentioned in the BOMA BESt Assessment Overview, and does not necessarily include other 

aspects of comfort, such as acceptable levels of other environmental stressors, this term and any 

conclusion based on it are very restrictive.  Sample questions are also given, which include: are 

the building staff sufficiently trained to implement an IAQ program to address tenant concerns?   

This is an important question because if perception is a vital part of IAQ Assessment, either 

reactive or proactive, then if the building operator is not properly trained to effectively respond 

to occupants’ IAQ concerns,  it could make the IAQ problems worse due to the operator’s lack of 

sensitivity or understanding of how to engage the occupants.    

2.2.2. American National Standards Institute/American Society of Heating, Refrigeration, and 

Air-Conditioning Engineers (ANSI/ASHRAE)  

2.2.2.1. AHRAE History 

As stated by Janssen (1999) in ‘The History of Ventilation and Temperature Control’, ASHRAE 

is an organization responsible for developing and publishing codes for the minimum 

requirements for heating and ventilation of buildings.  Their work has resulted in a body of 
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knowledge whose most up to date versions, at the time of this paper, are currently described in 

ANSI/AHRAE (2013b) 55 – 2013 for Thermal Comfort and ASHRAE (2013a) 62.1 – 2013 for 

Ventilation.  

2.2.2.2. ANSI/AHRAE, Standard 55 – 2013: Thermal Environmental Condition for Human 

Occupancy (2013b)  

The importance of the majority of occupants accepting the building’s indoor air quality is clearly 

outlined in the purpose of ANSI/ASHRAE Standard 55-2013 (2013b). The purpose of Standard 

55, as given in Section 1.0 is: ‘to specify the combination of indoor space environment and 

personal factors that will produce thermal environmental conditions acceptable to 80% or more 

of the occupants within a space.’ To further clarify this statement, it is important to look at the 

standards definitions of ‘Environmental’ and the ‘Personal Factors’ in Section 2.1. The 

Environmental Factors are defined as: temperature, thermal radiation, humidity, and air speed; 

whereas the Personal Factors are: activity and clothing. Table 5.2.1.2. (Appendix F) lists the 

metabolic rates for typical tasks, while Table 5.2.2.2A and B (Appendix G) details the insulation 

values for clothing and garments.  Figure 5.3.1 and F.3.3.A (Appendix H) are graphical 

representations of the relationship for the determination of the Comfort Zone in the former and 

average air speed and operative temperature in the latter.    

In the specific definition for Comfort, Thermal Comfort is an allowance for subjective input 

from the occupants. Nevertheless, the subjective input has been defined in terms of whether the 

occupants express satisfaction with the thermal input and not with anything else that might 

impact comfort in the environment.  The authors are aware of this limitation and note in Section 

2.4 of the Scope ANSI/ASHRAE Standard 55 – 2013 (2013a) does not address non-thermal 
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indoor parameters, including, physical, chemical, or biological space contaminates that may 

affect the occupant’s comfort or health.  Therefore, if the IAQ investigator is not aware of this 

qualification, they would only measure the indoor environment’s air temperature and if it is 

within the acceptable temperature range and the occupants state the temperature is acceptable, 

the investigator may conclude the occupants are comfortable.  However, by doing this, other 

factors related to comfort would be overlooked.    

2.2.2.3. ANSI/ASHRAE, 2013a, Standard 62.1 – 2013: Ventilation for Acceptable Indoor Air 

Quality (2013a)  

The importance of the majority of occupants’ accepting the building’s IAQ is clearly outlined in 

the purpose of the Standard 62.1 – 2013 (ANSI/ASHRAE, 2013a). The purpose of Standard 62.1 

is to specify minimum ventilation rates and other measures intended to provide Indoor Air 

Quality acceptable to human occupants and minimize adverse health effects. As previously 

mentioned, this standard also defines acceptable Indoor Air Quality as having no known 

containments at harmful concentrations where the majority (80% or more) of the occupants are 

satisfied.  

Therefore, both ANSI/ASHRAE standards indicate the air is acceptable if only 20% of the 

people exposed to it find it unacceptable.  As noted in the introduction of this thesis, due to 

personal variability in preference to comfort and other factors, it is impossible for the quality of 

the indoor air to be acceptable to 100% of the occupants. However, neither of these standards 

indicates how to manage the concerns of the other 20% of the occupants, nor even if such 

concerns are relevant.  These topics will be examined in the Discussion Section of this thesis.     
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The Standard also gives instructions on what Indoor Air Quality entails and how it may be 

modified. Section 4 instructs the assessor to judge not only if the air immediately entering the 

building at the time of normal occupancy is acceptable but also to note if there might be 

environmental conditions in the surrounding that could possibly impact its quantity and quality 

in the future.  With respect to the indoor air within the occupied areas, Procedure 6.1.2 advises 

the assessor to measure/observe both quantitative (analysis of containment sources and 

concentrations limits) and qualitative (level of perceived indoor air acceptability) factors when 

setting the outdoor air intake rates and other design parameters.     

Along with defining various other parameters, the later part of the Standard discusses subjective 

evaluations for Indoor Air Quality Assessments. Section B5 addresses Subjective Evaluation of 

IAQ by noting the adequacy of control may rest upon subjective opinion. However, with the 

authors of this Standard not defining the word ‘control’ and how to assess it, it is hard to 

understand this sentence. The authors also mention the IAQ assessor should spend at least six (6) 

minutes in a space before determining if it is acceptable or not. While it appears these directions 

could mean the authors are giving credibility to the occupant’s perception of IAQ, this is not 

correct; the text states the assessor is use their own perceptions as a surrogate for the occupants’. 

Due to this, the evaluation uses a quantitative and not qualitative subjective standard.    

Even though such instructions may be incomplete and do not constitute a well-considered Indoor 

Air Quality Assessment Methodology, the standard does have important information, especially 

in terms of listing known contaminants. Table B-1, is a ‘Comparison of Regulations’ and 

‘Guidelines Pertinent to Indoor Environments’ (Appendix I); Table B-2, are the ‘Common air 

contaminants of concern in nonindustrial environments’ (Appendix J) and Table B-3, lists the 

‘Concentrations of Interest for Selected Volatile Organic Compounds' (Appendix K).   



27 
 

Standard 62.1 – 2013 (ANSI/ASHRAE, 2013a) also stressed the importance of first clarifying 

the type of indoor environment being assessed so the appropriate standards and guidelines are 

applied.   To this end, the types and levels of contaminants often found in industrial 

environments should not be applied to office spaces where the occupants do not wear personal 

protective equipment, and may not be as healthy as a typical worker in a commercial/industrial 

setting.     In addition, the typical office workers interaction and response to their environment is 

most likely different to that of a typical commercial/industrial worker, something that may play 

upon the mental factors previously discussed by Runeson and Norback (2005). 

2.2.2.4. ASHRAE Indoor Air Quality Guide, Best Practice for Design, Construction and 

Commissioning (2009)  

ASHRAE (2009) produced a guide offering cost-effective recommendations to proactively 

improve IAQ for those designing, constructing and managing buildings.   The introduction to the 

guide indicates the document has two (2) parts, each with supporting objectives: Part I is the 

‘Summary Guidance’ (Appendix L) and Part II is the ‘Detailed Guidance’.  While all of the 

listed objectives in Part I are related to the health and comfort of the built environment, 

Objective 5: ‘Limit Contaminants from Indoor Sources’; Objective 6: ‘Capture and Exhaust 

Contaminants from Building Equipment Activities’; and Objective 7: ‘Reduce Contaminant 

Concentration Through Ventilation, Filtration and Air Cleaning’ are of particular importance in 

improving the Indoor Air Quality of pre-existing buildings.   An example of this would be in 

Section 6.4, maintaining proper pressure relationship between spaces to contain contaminants.  

Spaces with contaminants such as excessive moisture or those containing unhealthy levels of 

airborne chemicals should be negatively pressurized to the surroundings areas, whereas occupied 
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areas, containing office occupants who would not be wearing personal protective equipment to 

mitigate exposure, should be positively pressurized to the contaminated areas.     

2.2.3. Federal-Provincial Advisory Committee on Environmental and Occupational Health¸    

  Indoor Air Quality in Office Buildings: A Technical Guide (1995) 

Federal-Provincial Advisory Committee on Environmental and Occupational Health (1995) 

published a revised Indoor Air Quality in Office Buildings. This technical guide, which was a 

report of the Federal-Provincial Advisory Committee on Environmental and Occupational 

Health, was meant to offer assistance for those conducting complaint-driven IAQ investigations 

in office buildings.  With respect to guiding information, Table 1 (Appendix M) describes 

‘Factors and Sources Affecting Indoor Air Quality and Comfort’ and Table 2 (Appendix N) 

‘Odours as Problem Indicators in Office Buildings’.  ‘Commonly Encountered VOCs and Their 

Sources’ are listed in Table 3 (Appendix O).  Sources include: Paint (Acetone); Chlorinated 

solvents (carpet cleaners), and Terpenes (cleaning agents). In respect to microbial levels of 

airborne mould, while the authors of the guide did understand that, unlike chemicals, people’s 

individual responses to microbial levels do not allow for the determination of strict quantitative 

values, they did propose ranges which indicated if an area had excessive levels of airborne 

mould, requiring future remediation.  

2.2.4. Government of Alberta, Environmental Public Health Indoor Air Quality Manual, (2012) 

The Government of Alberta (2012) published a comprehensive guide for IAQ assessments to be 

used by various Public Health Professionals.  The manual is a general framework and menu of 

tools to provide guidance for Alberta Environmental Health professionals in their investigations 

and management of Indoor Air Quality Investigations. The appendix of the manual offers a 
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wealth of standards. Standards/guidelines are given, or mentioned, for the following areas: 

Chemical Factors – gases; Chemical Factors – vapours; Airborne Particulates – size; Airborne 

Particulates – asbestos; Airborne Particulates – man-made fibres;  Particulates – lead; 

Environmental Tobacco Smoke (ETS); Radon; Biological factors, Non-Bacteria: Mould, Mites, 

Cockroaches, Animal allergens (dog, cat, hanta virus, rodent); Bacteria; Pollen; Consumer 

Products; Office Equipment; and Outdoor Air Factors (Appendix P).  The section entitled ‘Built 

Environment’, lists mechanical (referring to the associated ANSI/ASHRAE Standards) systems 

and physical factors as being able to impact IAQ, including: the air handling units/system, 

finishes, furniture, carpet, vinyl flooring, paints, and building materials. In this section, the 

manual provides a useful illustration of a typical HVAC system (Appendix Q).     

2.2.5. Government of Alberta. Indoor Air Quality Toolkit, Employment and Immigration 

(2009) 

Government of Alberta (August, 2009) published an Indoor Air Quality Toolkit for the 

Employment and Immigration Ministry. The goal of the toolkit was to help the building operator 

and related staff to understand the typical IAQ issues and to offer ‘reasonable solutions’ to the 

most common problems. In addition, the authors note IAQ can affect people differently based on 

individual sensitivities; and even though the most sensitive will be affected first, those with less 

sensitivity may also react if the exposure continues or increases.  The document lists the common 

causes of IAQ as: indoor air contaminants including chemicals, cleaners, dust, moulds, fungi, 

odours, and vehicle exhaust emissions, as well as, insufficient outdoor air, poor air quality or 

poor air circulation.   To be complete, the document states noise, thermal comfort (temperature), 

humidity and lighting may affect the perception of air quality.  In Section 4: ‘Standards and 
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Guidelines’, the authors listed acceptable levels for temperature, humidity/moisture, and other 

parameters including carbon dioxide, carbon monoxide, vehicle exhaust (Appendix R).  

2.2.6. Government of Alberta, Indoor Air Quality: Mould Indoor Environments Risk 

Assessment and Management Program Handbook, Alberta Infrastructure and 

Transportation (June 2006, Revised June 2007)  

In June, 2006 (Revised June 2007) Alberta Infrastructure and Transportation, with the assistance 

of the Alberta Research Council, produced the IAQ Guidelines.  The Building Environment Unit 

of Alberta Infrastructure primarily uses the IAQ standards listed in Appendix 3 (Appendix S) of 

this document to determine which compounds to measure and their acceptable levels. Amongst 

the listed parameters are: temperature, relative humidity, carbon dioxide, carbon monoxide, total 

dust, total volatile organic compounds, and others, which include asbestos, radon, lighting and 

airborne fungi. When the Building Environment Unit collects viable mould samples, the 

acceptable levels are based on information from the ‘Federal-Provincial Advisory Committee on 

Environmental and Occupational Health (1995) Indoor Air Quality in Office Buildings: A 

Technical Guide’.   

2.2.7. National Standards of Canada, Psychological Health and Safety in the Workplace – 

Prevention, Promotion, and Guidance (2013) 

Due to numerous factors within the workplace that may affect the psychological condition of the 

worker, the National Standards of Canada (2013) published the 'Psychological Health and Safety 

in the Workplace – Prevention, Promotion, and Guidance’.  With the previous citations 

indicating a link between environmental stressors and the individual’s internal (qualitative) 

perception of Indoor Air Quality, this standard is also cited to highlight parts of it that may speak 
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indirectly to IAQ in terms of how it defines health, safety and other related factors which can be 

changed to improve the perception of Indoor Air Quality. 

One of the primary purposes of the Standard is the elimination of hazards in the workplace that 

may pose a risk of psychological harm to the worker/occupants.  Part of the vision of the 

document is, ‘actively works to prevent harm to worker psychological health’, including 

‘negligent, reckless, or intentional ways, and promotes psychological well-being.’ Psychological 

or Mental Health is defined as:  ‘a state of well-being in which the individual realizes his or her 

own abilities, can cope with normal stresses of life, can work productively and fruitfully, and is 

able to make a contribution to his or her community.’ In addition, a Psychologically Healthy and 

Safe Workplace becomes: ‘a workplace that promotes workers’ psychological well-being and 

actively works to prevent harm to worker psychological health including in negligent, reckless, 

or intentional ways.’  

From these various definitions comes the important phrase ‘actively works to prevent harm’.  

This proactive term, which when combined with Section 4.3.4 concerning Identification, 

Assessment and Control of possible hazards in the occupants’ environment would imply that by 

controlling such factors within the acceptable tolerance levels of the occupants, can promote 

psychological health.  However, upon reviewing Subsection 4.3.4.2, there is no explicit 

statement concerning the physical environment, except indirectly.  This apparent oversight could 

either imply the physical environment and those concepts related to it, such as Indoor Air 

Quality, are not believed to affect the worker’s psychological health. Or, more likely, it is a 

factor that has been overlooked.  Nevertheless, since the section heading states there are other 

factors which may be associated with psychological health, ones that can be actively modified to 
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prevent present and future harm, it is then left to those who specialize in Indoor Air Quality 

Assessments to make the argument.  

2.3. Methods of Applying IAQ Standards and Guidelines  

This section discusses how the previous IAQ standards and guidelines can be applied to indoor 

environments. In respect to IAQ and those standards identifying which quantitative and 

qualitative parameters within a specific environment should be measured to determine if the 

selected environment meets the selected IAQ standard, an IAQ method outlines the systematic 

approach to be used to make these measurements. Depending on how detailed the methodology 

is, the IAQ method could include not only which parameters are to be measured, but also the 

reasoning behind the selection of the sampling areas.  In addition, the method may also state 

where, when and how many samples are to be taken.  Furthermore, for completeness, the 

methodology should address the limitations of the technique, and discuss the analysis and 

interpretation of the results.     

2.3.1. BOMA BESt® Version 2,  Application Guide  (Revised August 2014) 

BOMA does not specify how any of the Verification Assessments are to be conducted, providing 

only non-specific guidelines to the building operator. According to Step 6, Verification, the on-

site visit will take approximately three (3) hours long, but may vary depending on the complexity 

of the building.  Based on the personal experience of this researcher in the Building Environment 

Unit (BEU) during field research, IAQ assessments have taken between four (4) to nine (9) 

hours.  The guide also states the assessor will review all relevant documentation, and ‘interview 

the building management team, and conduct a walk-through of the property.’ Depending on 

whether the operator had aforementioned materials available, BEU members were able to review 

pertinent documentation for cleaning and air filter changes. In a majority of the buildings, 
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members of the BEU were also able to discuss and inspect the AHUs. Afterward, depending on 

the assessor, a number of walk-throughs were performed, followed by numerous IAQ Spot Tests 

throughout the building.   The guide also mentioned that scoring of the questions can be adjusted 

depending on the outcome of the Verification.   

2.3.2. BOMA BESt Assessment: Office Buildings (June 2009) 

Building Owners and Managers Association of Canada (BOMA) (June 2009) for office buildings 

offered a number of questions to be directed at the operator regarding IAQ.  Examples of 

questions from this document included: 5.1 – ‘Ventilation’, asks if the carbon dioxide levels are 

below 850 ppm; 5.2 – ‘Filtration System’, brings up the efficiency of the air filters; 5.3 – 

‘Humidification System’, asks about what type of humidification system is used;  5. 5 – ‘Parking 

and Receiving’, asks if there are measures to prevent intake of exhaust fumes into the building 

from the loading dock; and 5.6 – ‘Control of Pollutants at Source’, queries if there are ongoing 

observations or complaints of mould or excessive water.  Section 5.7 – ‘IAQ Management’, 

brings up the question of whether there are documented means of addressing tenant/occupant 

concerns regarding IAQ and determining if the building management is sufficiently trained to 

implement an Indoor Air Quality investigation, and if they are not, do they know to bring in a 

professional.   

Although such questions are related to Indoor Air Quality, none of them ask whether the building 

operator has directly interacted with the occupants to gauge their satisfaction of the IAQ.  

Nevertheless, it could be inferred that since there should be documentation to enumerate and 

address the occupant’s Indoor Air Quality concerns, this must mean the lower the number of 

complaints, the better the IAQ.  However, if there is no means for an external party to 
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proactively question or interview the building occupants, there is no way to know if the lack of 

IAQ complaints may be a by-product of the occupants not knowing how to log a concern, or they 

feel the operator will not act on their requests and have given up. Without requiring the operator 

to regularly engage the occupants in respect to their satisfaction of the IAQ, any number of 

assumptions could be made from indirect measurements.  As such, these questions imply that 

since the building operator has not been instructed to discuss IAQ with the occupants until there 

is a complaint, the methodology is reactive.  

2.3.3. Federal-Provincial Advisory Committee on Environmental and Occupational Health, 

Indoor Air Quality in Office Buildings: A Technical Guide (1995) 

The need to be aware of differing reactions to environmental conditions is examined in this 

section of the guide. Although the authors realize the standards of comfort may vary from one 

individual to another, implying not everybody can be satisfied with the air quality, the authors 

still advocate taking all reasonable measures to make the necessary corrections so long-term 

resolution may be possible.  In keeping with this practice, the authors mention, ‘it is in the 

building manager’s best interest to respond promptly and seriously to all complaints about indoor 

environment and to establish credibility through open communication with the building 

occupants.’ The researchers of the technical guide stress that if this is not done, it may lead to 

frustration and anxiety in the occupant’s which could magnify the issues.  

Due to the complaint-driven nature of this process, the assessment begins as a fact-finding 

exercise, meant to link possible sources of pollutants to the symptoms.  The initial walk-through 

helps to gain first-hand information to allow the investigators to devise a theory to link pollutants 

to symptoms, and make primarily recommendations.    Other suggestions are to review the 
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complainant areas, take preliminary measurement and airflow patterns to determine how the 

occupants may be exposed to substances that could be possibly related to the symptoms.   If 

further information is needed, a detailed assessment, including the measurement of a wider range 

of parameters, would take place.  

2.3.4. Government of Alberta, Environmental Public Health Indoor Air Quality Manual: A 

Guide for Environmental Public Health Professionals (2012)  

Public Health investigations are also instigated by complaints concerning the quality of the 

indoor air. As part of the introduction to Indoor Air Quality Investigations, it is noted that due to 

the complexity of indoor air concerns, investigators often have difficulty associating specific 

physiological effects to specific contaminants. To manage such complexity, and to focus the 

investigation, the inspector is to determine if the source of the complaint is psychological, 

biological or physical and make the necessary rectifications if possible.  

The manual suggests the question of perceived or real health effects requires careful assessment. 

Assessment is divided into three (3) phases. Phase 1 is the ‘Initial Screening’, which involves 

determining if the complaint falls under the public health mandate, and if so, it would continue 

onto Phase II which involves a telephone interview. The phone interview is used to gather 

information to form an initial hypothesis for the possible sources and causes of the complaint.  If 

the concerns cannot be addressed over the phone, or there is insufficient information to develop a 

theory, then Phase III – ‘Site Investigation’ - would occur.   When the Public Health Inspector is 

onsite, they are not only to interview the complainant, but also, if necessary, others, including all 

occupants, building manager and anybody else who may have knowledge of any circumstances 

related to the complaint.    
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This information along with environmental monitoring and questionnaires can be used to further 

develop a theory of the causative agents and possible solutions.  The questionnaires include those 

for the Telephone Interview, Onsite Interview and walk-through. The questionnaires and a flow 

diagram of the process are shown in Appendix T.    

2.3.5. Government of Alberta, Employment And Immigration, Indoor Air Quality Toolkit  

(2009) 

The GOA Employment and Immigration Toolkit advocates measuring Indoor Air Quality 

information both proactively and reactively.  As an ongoing means of monitoring IAQ, the 

toolkit suggests the building operator should routinely inspect the work area for potential issues 

or sources of contaminants, however, it does not state the occupants should be asked if they have 

any concerns about the air quality. Another proactive assessment is the formal Health Survey 

(Appendix U). According to this toolkit, the third way an IAQ assessment may begin is as a 

result of a complaint. Communication is listed as a vital part of the process, and is considered to 

be necessary in any complaint-driven investigation and requires occupants’ feedback.   

As described in the GOA Toolkit (2009) the reactive or complaint-driven IAQ assessment 

consists of three (3) steps.  Fact-finding occurs at Step 1, and is used to gather information and 

documentation including floor plan and complaint forms.  Step 2 is the walk-through of the 

building and inspecting various components of the air handling systems, and looking for possible 

causes of the complaint.  The last step is talking to the occupants in the affected areas, taking 

time to listen to their concerns. The process is shown in the ‘Assessment and Resolution Flow 

Chart’ (Appendix V).  At the bottom of the flowchart it is indicated that if the IAQ issues have 

not been resolved, the operator should consider hiring an IAQ consultant or HVAC specialist.  
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The Building Environment Unit of Alberta Infrastructure has often been contacted by OHS 

personnel or the building operator at this part of the assessment to assist in the IAQ investigation.    

2.3.6. Government of Alberta, Alberta Infrastructure, Indoor Air Quality: Mould Indoor 

Environments Risk Assessment and Management Program Handbook (June 2006, Revised 

June 2007)  

The GOA Indoor Air Quality Guide (June 2006, Revised June 2007) was developed by a panel 

of experts from the Alberta Government and private industry reviewing IAQ documents from 

North America and Europe. The guide recommends IAQ management programs are to be 

routinely conducted in Government of Alberta buildings through either a ‘Preventative 

Maintenance Routine’ or an ‘IAQ Response Process’.   Preventative Maintenance Routine is to 

occur regularly to ensure the building provides a healthy work environment to the occupants. As 

part of the preventative maintenance, there should be periodic proactive testing of the Comfort 

Factors.  Appendix 3 of the document lists temperature, relative humidity, carbon dioxide and 

carbon monoxide as the Comfort Parameters.  In comparison, the IAQ Response Process is 

complaint-driven.  The guide stresses both the technical and health components are to be 

addressed; however, the word ‘health’ is not defined.  Throughout the process, timely 

communication is required to build trust, and responses related to the investigation are to be 

reported back to the person who made the initial IAQ complaint 

The IAQ Response Process consists of three (3) steps, each building on the previous information.  

Level I includes: a walk-through survey of the affected areas to gather information, conducting a 

physical inspection and then taking corrective actions if possible. At this level the occupants and 

other affected parties are interviewed and, if possible, the extent of the problem is defined. The 
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investigation continues onto Level II if the problem persists, and involves measuring Comfort 

Parameters in the affected areas.  Level I and II are to be conducted by the building operator if 

they have the necessary experience. If the IAQ issues cannot be resolved by the onsite personnel, 

the building operator is to obtain assistance from technical/professional resources with the 

necessary qualifications. Such persons include the Building Environment Unit of Alberta 

Infrastructure.  The ‘IAQ Response Process’ and ‘IAQ Walk-Through Checklist’ are shown in 

Appendix W.    

2.4. Overview of Cited IAQ Standards and Methods  

Although the working definition of Indoor Air Quality offered at the beginning of the thesis 

appears inclusive to the point of being vague, the preceding information reflects how complex 

Indoor Air Quality can be.  As a result, an argument can be made to define Indoor Air Quality as: 

‘A person’s complete response to elements within an indoor environment which may cause them 

excessive stress, and which their perceptions may attribute to their personal acceptance of the 

indoor air.’  

In reply to this ad hoc definition, some would argue any attempt to adequately gauge not only 

one person’s ‘complete response’ to the built environment, let alone an entire building, is far too 

complex an activity, one that should be left to the certainty of calibrated IAQ test equipment.  

This observation would be correct if the intent of the methodology was to acquire all such 

knowledge.  It is not.  Although there is uncertainty, it is believed the goal of a well-designed 

methodology is first to define the essential elements of an event (Thesis Objective), and then take 

the necessary measures to capture sufficient data to allow researchers to form a realistic picture 

of the event. For the current method, both relatively certain (quantitative) and relatively 
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uncertain (qualitative) data is relevant, not only to highlight the major IAQ concerns of a 

building, but also what might be causing them (Methodology Objectives - Primary Goal).     

Before proceeding, common themes expressed in the information cited in the Standards and 

Methods Sections will be highlighted. This summation will be used as a starting point for the 

formal development and description of the proactive, occupant-centered, mixed-methodology 

that could be implemented for conducting BOMA IAQ Assessments. 

2.4.1. Standards/Guidelines: 

1. There are a large number of natural or man-made substances in the built environment 

that can affect the Indoor Air Quality.   

2.  Some substances or facets of the environment can be easily measured, others cannot.  

3.  People have different perceptions of what is acceptable and what is not acceptable   

      IAQ.   

4. Although all of the IAQ Standards are based on symptoms, and are therefore, 

complaint-driven or reactive, such standards can be applied to proactive inspections.      

5.  Due to the lack of specific complaints or symptoms to narrow down which IAQs tests 

to perform, proactive IAQ assessments may require more testing (including their 

respective standards and guidelines) than reactive.   

2.4.2. Methodology: 

1. Indoor Air Quality Assessments are a form of Hazardous Assessment.  It is data-

gathering and hypothesis-generating process, involving multiple steps. These steps 

include: 1) reviewing and inspecting mechanical system’s associated with ventilation 

and thermal control; 2) walking-through all areas of the structure which are part of the 
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assessment to look for sources of possible containments, their possible pathways and 

the occupants that may be exposed through these pathways. The third step is to link 

these elements together and then offer corrective actions to bring occupant exposure of 

the specified factors back to acceptable levels.    

2.  Both proactive and reactive assessments require the assessor to check how well the 

mechanical system is operating, as well as, the quantity and quality of the source air 

being drawn into the building.  

3.  The effectiveness of the IAQ Assessment depends not only on the equipment but the 

ability of the assessor who is performing the assessment. The quantitative assessment 

should be conducted by those who know what tests are to be conducted based on the 

site assessment and complainants’ symptoms, as well as, how to use the IAQ 

equipment and the limitations of the equipment.  The qualitative assessment should 

be conducted by those who are able to interact with the occupants in a non-

judgmental fashion, and are capable of engaging the building occupants in an 

empathetic manner.   

4.  Whether a complaint-driven or proactive IAQ Assessment is being performed, open-

communication with the occupants is important. Such input will not only improve the 

amount and quality of data the investigator has at their disposal  to better understand 

the occupants’ past and present perception, but also empower the occupants and build 

trust.    

5.  Questionnaires are a valuable source of data, but may limit the amount of information 

acquired from the occupants.  IAQ Questionnaires may be used as an initial screening 



41 
 

tool to determine which occupants have IAQ concerns, but questionnaires should not 

be used afterwards when occupant engagement is required.    
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3.0.  Preliminary Requirements for the BOMA IAQ Assessment Methodology  

The preceding sections involve proposing a method to measure both the quantitative and 

qualitative aspects of the building environment.   Before doing so, the topics of 

Standards/Guidelines and Methods are going to be discussed more critically. This will be done to 

challenge the basic assumptions often overlooked by those who conduct Indoor Air Quality 

Assessments.  This is not undertaken to move the arguments beyond the scope of the thesis, but 

to give firmer basis to premises upon which the methodology is built.  The discussion will begin 

by exploring the philosophical relationship between the assessor and the assessed.  

From a philosophical perspective, the observer of an event attempts to identify and define the 

items which they believe the event consists of, and then, through trial and error, endeavours to 

determine if these observations are correct.   Ontology is the attempt to define what actually 

exists, including the assumptions and beliefs they hold about reality.  Biesta (2010) clarifies this 

term further,  

With regard to social and behavioural research one of the most important 

distinctions is that between what we might refer to as mechanistic ontology and a 

social ontology. Whereas the first would approach the world in deterministic 

terms, that is, a system in which there are causes and effects and deterministic 

connections between the two, the second would see the world as a world of 

meaning and interpretation.  

For IAQ Assessments, it could be asked whether a standard or the subset of parameters within it 

and by which the level of quality is described, should be solely based on measureable and 

definable causes and effects.  Or instead, should the quality of the air be defined by aspects 
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inherently more uncertain? Epistemology asks not only if the knowledge or standard is correct, 

but how is it developed?  For IAQ Assessments, this begs the question of how do you develop 

the standards or methodology? Epistemology brings up the question of independence, or level of 

interaction between the observer and the observed.  An independent epistemology viewpoint 

would see the ‘truth’ or ‘standard’ being developed by the observer alone, while a dependent or 

interactive paradigm would see it achieved through communications with the observed 

(occupants).   

3.1.  Perspectives   

In an attempt to answer these questions, various philosophical perspectives, or world views 

(Mayan, 2009) will be discussed, including Positivist, Constructivist and Pragmatist.  Each has a 

different concept of what represents truth or a standard by which truth of a situation may be 

defined; and each has a different method of developing, comparing and validating the truth.  

3.1.1. Positivist  

Basing knowledge on what is solely experienced by the observer through their senses is a 

fundamental aspect of Positivism.  Hume (2007) proposed all knowledge results from 

observations and the linear process of cause and effect, a philosophy consistent with the 

Mechanistic Ontology. Objectivity must be maintained so well-considered inferences can be 

formed from the observer’s observations. Comte (1957) takes this further and defines truth in 

empirical terms.  Therefore, if an empirical standard has been set in one situation, it should be 

employed in similar circumstances if objects within it are believed to be the same.       

To Comte (1957), this idea also extends to natural phenomena, including the actions and 

thoughts of people. Comte believed people strictly obeyed a set of specific and definable rules as 
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closely as objects obey Newton’s ‘Laws of Motion’.   This viewpoint is evident in the following 

quote, ‘The phenomena of human life, though more modifiable than any others, are yet equally 

subject to invariable laws; laws which form the principal objects of Positive speculation.’ For 

IAQ Assessments, this would suggest the true IAQ Standard can be defined (Mechanistic 

Ontology) and set through external observations (Independent Epistemology), and such a 

standard can be applied to all similar physical environments and individuals within them. 

Therefore, this philosophy implies one (1) set of IAQ Assessments Standards should be applied 

to similar indoor environments, regardless of the type of people occupying the structure.  

3.1.2. Constructivist  

In comparison, Constructivism asserts truth is not an unmoving obelisk and is instead the result 

of the interaction between the observer, and the observed.   Piaget (1950) theorized that while the 

cognitive philosophy of Constructivism agrees experiences are based on information acquired 

through our senses, our own recent and past considerations of what we have experienced also 

colour our perceptions. Therefore, each person comes to his own unique understanding of the 

world, which can differ from the understanding of others. Constructivism is the process of 

developing ‘mental models’ to explain what we experience. Thinking and its by-products are 

independent variables that may be invisible to the outside world. In this way, and by extension, 

learning takes place whenever we adjust our existing mental models to incorporate new 

experiences.  This philosophy is consistent with the Social Ontology and has an Interactive 

Epistemology.  

In respect to Indoor Air Quality Assessments, Constructivism disputes the stationary or absolute 

ideas offered by Positivism.  Not only is there an important relationship between the observer 
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and the observed, there is also one between the observed and the built environment.  Due to both 

of these important and dynamic interactions, many different standards may be warranted, each of 

which can be unique to each and every occupant. For example, if Person X is in building X, the 

ambient conditions may lead them to perceive the IAQ as being acceptable, however if Person X 

is moved to building Y, and there is a part of the ambient conditions which is not measured, but 

can affect still them, they may find the IAQ conditions unacceptable.  To further frustrate the 

process, there is also the chance two (2) people in the same area of the same building find the 

IAQ both acceptable and unacceptable.  Therefore, by only relying on external standards for the 

acceptability of the IAQ, the assessment would be incomplete.   

To some, this type of argument can quickly turn into an absurdity.  If the premise is accepted that 

everybody might have a unique perception of the environment, and this might cause them to 

have a unique set of IAQ standards, then how it is possible to meet all of these standards?  If 

there are 100 people in the building, there may be 100 standards. This could be asserted if the 

goal of the assessment was to meet everybody’s standards. It is not.  The proposed goal of the 

methodology is to be sufficiently comprehensive so as to acquire all pertinent data on the day of 

the assessments so it can be analyzed.  If during analysis a number of cogent themes resolve 

themselves, showing a discernable association with aspects of the physical environment, then the 

building operator can determine what reasonable actions can be taken to improve overall indoor 

air quality.   

3.1.3. Pragmatism  

The philosophy of Pragmatism attempts to manage such inherent uncertainty in truth by 

accepting the lack of an absolute standard.   Instead of viewing the world as being either 
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completely certain (Mechanistic Ontology) or uncertain (Social Ontology), the philosophy of 

Pragmatism accepts both concepts can co-exist in one phenomenon. Dewey (1929) rejected the 

dualistic approach of modern philosophy, where mind and matter or viewer and viewed are 

considered independent, in favour of a naturalistic paradigm viewing knowledge as arising from 

an active adaptation of the human organism to its environment.  In other words, even if we are 

aware and accept a person’s experiences does not reflect absolute truth, either because of the 

inherent weakness of our senses or perceptions may eschew our judgement, we can still 

acknowledge these imperfection and produce standards which best capture various levels of 

uncertainty as best as we can.  In the context of Indoor air Quality, Pragmatism accepts the 

validity and necessity of both quantitative and qualitative standards.   

Therefore, the Pragmatic World View is offered as the best guiding principle to adopt in 

developing (Interactive Epistemology) an IAQ Assessment methodology that accept divergent 

standards (Mechanistic and Social Ontologies).  Pragmatism does not acknowledge that an 

absolute truth can be found. It accepts the perceived limitations and uncertainty of the objects 

within a system, and strives to figure out the best solution given these perceived limitations.  Any 

methodology which strives to conduct an effective health assessment of an indoor space, be it for 

complaint-driven or proactive testing related to IAQ, needs to encompass both standards, in the 

realization that neither standard is more correct or important than the other.   What is more 

important to acknowledge, is that both standards give a more comprehensive view of the Indoor 

Air Quality, as such, they should be viewed as complimentary, and not as adversarial.  By 

accepting the fluid state of such a system, and all of the interactions likely to comprise it, it will 

better allow the assessor to pin-point the most important parameters and measure them.  
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3.2. Epidemiological Study Designs  

A methodology does not only have to consider which standards are to be measured against, but 

also the time frame in which the study acquires data. Aschengrau and Seage (2014) describe the 

three (3) most common study designs:   Cohort, case-control and cross-sectional.  A cohort study 

design follows a group of people after they have been exposed to an event or substance to 

determine if such exposure resulted in any disease or reaction. The case-control study design first 

defines the effects, then attempts to link it to previous exposures.  Both designs follow a group of 

individuals in time, whereas in a cross-sectional study design the causes and effects are measured 

at the same time.  Based on these descriptions, all three (3) designs can show association, but the 

cross-sectional study design cannot suggest causation because it is not possible to show a 

specific effect is preceded by a specific cause.  

As a result of this information and the ability to suggest causation, it appears the BOMA IAQ 

Assessment study design should be either cohort or case-control.  If it is assumed the purpose of 

the present study design is to determine causation as well as association, then it is only logical to 

believe a design which may link cause to effect is preferential.  However, there are a number of 

problems with such a conclusion.  To begin, the amount of resources required to conduct an 

ongoing IAQ study would be more than many organizations, including the Government of 

Alberta, can devote, especially if the number of people and locations being monitored within a 

building is substantial.  Furthermore, if the people with IAQ concerns have been in the building 

for a long period of time, and the building and general environment is in a relatively stable state 

of flux, with many previous factors leading to many previous IAQ concerns, having a study that 

collects additional information, is not necessary.  And while a case-control study could, in 

http://www.amazon.ca/s/ref=dp_byline_sr_book_1?ie=UTF8&field-author=Ann+Aschengrau&search-alias=books-ca
http://www.amazon.ca/s/ref=dp_byline_sr_book_2?ie=UTF8&field-author=George++R.+Seage&search-alias=books-ca
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theory, link present Indoor Air Quality symptoms to past events, most buildings do not have the 

necessary records or documentation that would make such studies feasible.  

By judging against the need and resources available, the cross-sectional study design can best 

meet the needs and the requirements of an IAQ Assessment as long as its limitations are 

observed.  First, the cross-sectional study design considers associations and not causation. Hill 

(1965) stated one of the fundamental requirements for studying and inferring causation is for the 

cause to occur before the result.  Since the ‘causes’ and the ‘effects’ are measured at the same 

time in a cross-sectional study design, this basic requirement of causation cannot be met.  

Therefore, researchers using the proposed methodology can state if two (2) or more events 

occurred at the same time, and due to this, are associated with each other, but the researchers 

cannot state with any confidence if one event caused the other to occur. In addition, since the 

cross-sectional study design only acquires data on one day, such a narrow time frame may not 

gather input from occupants who are either away on holidays, off site, or sick; unlike cohort and 

case-control studies which have a wider time frame.  Nevertheless , by not only taking a number 

of quantitative measurements throughout the building, but also interacting with the occupants 

and the building operator in respect to their shared history within the building, including who 

may be absent due to the Indoor Air Quality related-absenteeism, it may be possible to 

extrapolate - through inductive reasoning - the causes of such absenteeism.     

3.3. Field Experience  

While conducting onsite BOMA IAQ Assessments this researcher as a member of the Building 

Environment Unit had a number of field experiences.   Most observations were written in the 

issued BOMA IAQ Assessments reports; however some observations could not be documented 
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in the reports because they were unprovable, inappropriate or prone to conjecture. Nevertheless, 

due to their possible impact on this methodology they should be carefully mentioned. Primary 

amongst them was a perception that some of the office occupants believed the building operators 

would not follow through on most of the recommendations in the final BOMA IAQ Assessment 

Report.   Whereas the three (3) types of assessments discussed in Section 1 are intended to 

measure environmental conditions and compare them to a standard (discussed in Section 2) so 

that recommendations can be made to improve the indoor environment, it is certainly possible 

the operator at the time of the request may not intend to follow through with some of the 

recommendations.   This is mentioned because such a possibility can not only affect the 

effectiveness of this method, it can, as will be discussed in Section 5, create conflict which may 

increase the perception of IAQ concerns amongst the building’s occupants.    

3.4.  Proposed Cross-Sectional, Convergent-Parallel, Mixed-Method Study Design   

Before proposing a specific mixed-methodology to conduct BOMA IAQ Assessments, and then 

detailing its individual components, it is first necessary to clearly describe the basic aspects of a 

mixed-method design.   Greene et al. (1989) indicate a mixed-method study design includes both 

the collection of quantitative and qualitative data.  The former includes the collection of numbers 

from externally measured events, while the latter is designed to collect words.  The researchers 

also note the method is not inherently linked to any particular inquiry paradigm.  In addition, 

their work implies both streams of information are equally important, with neither taking 

precedent over the other. Given this description, the mixed-method study design follows the 

Pragmatic collection methodology of inclusivity and equality in the treatment of the acquired 

information.  
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In respect to a specific mixed-method study design which best meets the thesis’s objectives, one 

that simultaneously measures both methods to acquire data and then comparing them, Creswell 

and Clark (2011) refers to it as a convergent-parallel study design.    The researchers stated this 

design can be used when the ‘researcher wants to triangulate the methods by directly comparing 

and contrasting quantitative statistical results with qualitative findings for corroboration and 

validation purposes.’ This information is in agreement with the purposes of a BOMA IAQ 

Assessment.  In Figure 3.3 of Creswell and Clark’s book (2011) (Appendix X) is a flowchart 

representing this design.   Step 1 involves designing and collecting the two (2) different data 

streams.  Step 2 is the analyses of both sets, and Step 3 is merging them. The last step is the 

interpretation of the merged results.   

While Creswell and Clark (2011) use the term convergence to imply the data streams are 

merged, it does not necessarily mean the two (2) groups of data are in agreement. Ostlund et al. 

(2011) discusses the triangulation triangle metaphor cited by Creswell and Clark (2011) to 

illustrate two (2) possible outcomes of comparing the quantitative and qualitative empirical data.   

In Figure 7 (Erberger and Kelle, 2003), the empirical data is in agreement or complementary. 

This is referred to as convergence.  In comparison, as shown in Figure 8 (Erberger and Kelle, 

20013), when the findings from the quantitative and qualitative groups of data are not in 

agreement, divergence occurs.   Therefore, a convergent-parallel study design may have 

convergent or divergent results.  To reduce confusion, when this thesis uses the word 

convergence it will be in reference to the merging/comparing of quantitative and qualitative data 

from a single sample location, and does not imply the two (2) streams are in agreement.   



51 
 

 

Figure 7 - Triangulation Triangle, Convergent Finding (Erzberger and Kelle, 2003).  

Another clarification for the mixed-methods study design is in respect to data collection. As 

noted by Creswell and Clark (2011) there are four (4) questions that need to be asked and 

answered in respect to decisions and recommendations for the collection of quantitative and 

qualitative data: 1) Will the two (2) samples include different or the same individuals? 2) Will 

the samples be of the same size? 3) Will the same concept be assessed quantitatively and 

qualitatively? 4) Will the data be collected by two (2) independent sources or by a single source?  

The answers to Question 1 and 3 are as follows: the intent of the methodology is to sample both 

quantitative and qualitative IAQ data from each occupant in each of the sample locations. To 

answer Question 2, ideally the two (2) sample sizes should be the same so individual 

comparisons can be made, however, as it was the experience of this researcher in the BEU during 

PHASE I and PHASE II BOMA IAQ Assessments, intervening events did not always allow this 

to occur.    
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Figure 8 - Triangulation Triangle, Divergent Findings (Erzberger and Kelle, 2003).  

In respect to Question 4, which Creswell and Clark (2011) clarify as being a question of how 

many forms are used to collect the data, the BEU has been collecting both the quantitative and 

qualitative data on one (1) form. As will be discussed in Section 5, the majority of the Building 

Environment Unit BOMA IAQ Assessments have been conducted by one (1) staff. With this 

limitation, and with the cross-sectional study design requirement to conduct the testing on one 

(1) day, it has not been feasible for the assessor to use more than one (1) form.   However, if 

staffing was not a limitation, having two (2) people to gather the information would be more 

efficient and effective; with one (1) person only acquiring the quantitative data and the other 

only the qualitative data. As to which data set is measured first, it has been the experience of the 

researcher that while it is a common practice to take quantitative measurements first, the 

occupants often begin to discuss their concerns at this time. Due to this, data collection of both 

streams of data often occurs simultaneously if one (1) staff is assessing.   



53 
 

Although the cited information paints a promising picture, Creswell and Clark (2011) also seem 

to imply the convergent-parallel study design has more weaknesses than strengths.   The chief 

strength cited for the convergent-parallel study design is its inherently efficient because both data 

sets can be simultaneously acquired and analysed using traditional methods normally associated 

with each data set. This allows the work to be divided amongst teams, thereby reducing the time 

spent on field work. Weaknesses include the need for members acquiring the data to have 

expertise in either quantitative or qualitative research or, if the efficiency is to be optimized, one 

(1) team would have to be composed of those with the necessary proficiency in both fields.  

There are also the problems of what to do if the data sets consist of different sizes and also, what 

do to if the quantitative and qualitative information contradict each other when they are merged?  

Along with the apparent imbalance of strengths to weaknesses, there are a number of objections 

given against mixed-method research in general, which may if not addressed, undermine any of 

its conclusions.  Mayan (2009) commented on six (6) areas which some researchers cite to 

dismiss the importance of qualitative data, and by extension, mixed-method study designs.  Of 

these, Objection 3 – It’s Biased, Objection 4 – It’s Not Empirical Research and Objection 6 – It’s 

Irrelevant, appear to be the strongest arguments against qualitative research.   

For Objection 3, Mayan (2009) does not argue the data is biased because it should be.  

Qualitative data is not supposed to be randomized, where each point of data has an equal chance 

of being chosen. Mayan stated the goal of the qualitative researcher is to measure as much 

variety of experiences within the phenomenon, allowing the researchers to describe the 

experience more fully. It must be remembered that quantitative and qualitative standards are 

fundamentally different.  While the same IAQ quantitative standard can be applied throughout a 

building because the systems being assessed were designed to produce a specific result which 
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can be measured, in contrast, individual IAQ qualitative standards as they relate to the internal 

perceptions of a person’s sensory experiences, are much less likely to be the same because each 

is unique to the person who experiences them.     

In Mayan’s (2009) counter argument to Objection 4, she replies, as does Webster’s Online 

Dictionary (2015), any information acquired through the senses and not through theory is 

inherently empirical.  As such, by definition, any observations, either with a calibrated 

instrument or experienced through a person’s senses, are empirical. The issue then may be if 

there are multiple assessors, each with their own standards, such compounded uncertainties 

would conflate the data.  Unlike different people using the same measuring device to record 

quantitative data from the environment, different people observing or obtaining data during an 

interview, are likely to take away different information from the same experience. Since it is 

unlikely for different assessors to interview occupants using the same personal standards it is 

then only possible to reduce the variability between the qualitative data acquired from different 

occupants by having the same assessor conducting all of the interviews, especially if the means 

of acquisition is dependent on the assessor’s style of engagement.  This implies that although the 

one (1) interviewer’s personal engagement style may affect the data, if they try to be aware of 

their own bias, all the qualitative data could be equally affected.   

Objection 6 questions the relevance of qualitative data. Previously, it was mentioned IAQ 

Research was originally initiated in response to occupant’s comfort and safety concerns that 

were believed to be related to the indoor conditions (Janssen, 1999).  This prompted ASHRAE to 

choose and measure certain parameters within the indoor environment as indicators of the quality 

of the indoor air based on the occupants’ perceptions.  This information was amassed and then 

averaged.  Due to this, it appears that those who question the relevancy of qualitative data, as 
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stated by Sandelowski and Barroso (2003), takes place because those who object forget where 

the data came from.  As such, given the history of how the IAQ Guidelines were determined, it is 

therefore not logical to conclude, as Objection 6 does, that qualitative data is less relevant or real 

than quantitative data.   

Based on the cited information in this and the previous sections, the importance and relevance of 

both quantitative and qualitative data in an IAQ Methodology has been established.  Both 

streams of data are equally representative of the conditions within the building that can affect the 

quality of the air within the built environment.  The remainder of the thesis will describe in detail 

both the quantitative and qualitative standards and methods of the proposed mixed-method study 

design.    This information will include not only when the samples should be taken, but how the 

sample locations are chosen and how the information within each location is acquired.   The 

sections will also list the strengths and weaknesses of the proposed methodology.   
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4.0. Description and Evaluation of Components 

4.1. Quantitative Standards/Methodologies  

4.1.1. Outdoor Air Quality 

Whether a building has mechanical or natural ventilation, its sole source of fresh air is from the 

outside. To this end, the assessor should begin the assessment of the building’s IAQ by 

observing
2
 for any unusual odours in the outside air or other conditions that might affect the 

quantity or quality of the air being brought into the building. The assessor should keep in mind 

that although the building’s mechanical systems can humidify, heat/cool and clean the air, there 

are many airborne gases, such as methane and carbon monoxide, which the mechanical systems 

are not designed to remove.   This would also call into question if there are any vehicles or pieces 

of gas-powered equipment operating by the air intake such as: cars, delivery trucks, lawn movers 

and snow blowers.  In addition, the assessor should observe if anybody is smoking by the intake 

or whether the outdoor air being drawn into the building is very warm or very cold.  These 

conditions may tax the building’s ability to keep the internal air temperature within the 

acceptable temperature range.   

4.1.2. Building Operator 

The next variables concern the building operator and their ability to adequately control and 

maintain the building’s mechanical systems.  Along with the building’s ventilation and heating 

                                                           
2

 If the observer can maintain an unbiased and objective viewpoint and are aware of any 

confounding factors, their sensory observations can be considered to be valid and reliable 

quantitative data.   
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systems being properly designed and built so they adhere to the designated ANSI/ASHRAE 

standards, these systems have to be operated and maintained within the intended specifications.  

The building operator’s ability to do this will depend on a number of factors an assessor could 

note during the assessment. Such information may include: What training does the building 

operator have? How many other buildings does the building operator take care of? How many 

years of experience does the building operator have in total as well as in the buildings they are 

presently are in charge of?  In addition, it could be asked what training the building operator has 

in conducting Indoor Air Quality investigations.  

4.1.3. Review Documents   

Past and present documents related to the Indoor Air Quality should also be reviewed by the 

assessor.  Prior to arriving at the building site to conduct the IAQ BOMA Assessment, the 

assessor will need to review the Building and Land Inventory Management System/ Risk 

Evaluation/Corrective Action Program (BLIMS/ReCAPP) Reports. These reports give an 

overview of the Government of Alberta building’s various systems, and are conducted and 

written by a consultant.  Questions and concerns from this report can be directed toward the 

building operator onsite by the assessor while the mechanical systems are being reviewed.  The 

assessor can also inquire if the building’s systems are operating within normal building 

parameters.  This is important to know so that if there are any deficiencies in the parameters 

being measured, the assessor may use this knowledge to relate them to any deviations from the 

defined standards.  

The building operator should also be asked if they are aware of any current IAQ issues expressed 

by the occupants.  According to the Government of Alberta (2007) Master Specifications, 
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Section 01050, the formal process by which GOA staff inform the building operator of an Indoor 

Air Quality Issue or any other concerns is through the Work Order Request Tracking System 

(WORTS) Reports.   The assessor should not assume there is a linear relationship between the 

amount of WORTS Documentation the operator has and the occupants’ satisfaction with the 

building’s Indoor Air Quality.  For example, if the operator is often in the building, the 

occupants may normally express their IAQ concerns directly to the operator who then resolves 

the issue, thereby circumventing the need to issue a WORTS. Another possibility is the 

occupants have issued many WORTS in the past, but the building operator has seldom 

responded, resulting in the occupants learning not to write any new requests.  Either possibility 

has equal validity until the assessor interacts with the occupants to develop a working theory.           

4.1.4. Mechanical Room(s) - Condition of Air Handling Units (AHUs)   

The condition of the air handling units (AHUs) should be viewed with the building operator 

present so that they can describe the system and answer any questions.  Based on this 

researcher’s experience in the BEU one begins by asking the operator to verify which AHUs 

provide supply air for which parts of the building, followed by looking for the location and 

condition of the air intakes for each of the AHUs.   The air intakes are the first parts of the AHU 

through which the outside air is brought into the building.  The assessor will then observe if the 

air dampers, the components of the AHU which control the amount of fresh air entering the 

system, are sufficiently open to allow the minimal amount
3
 of fresh air into the building. In some 

                                                           
3
 AI - TSB, Senior Mechanical Engineer with the TSB informed the Researcher  (personal 

communications, April 14, 2015) that although it is not stated in the ANSI/ASHRAE Standard 

62.1, air dampers should be open at least 10%.  
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cases, when the outside air temperature is either very warm or very cold the dampers may be 

entirely closed to save energy. When this occurs, it will greatly increase the volume of return air 

in the building and may increase carbon dioxide levels as well as other airborne contaminants.  

After this, the various chambers of the air handling unit are to be inspected for debris, cleanliness 

and condition of the components (including fans and fan belts).  Next, the pre and post air filters 

will be inspected to determine if they are adequately removing airborne materials.  The building 

operator should be asked how often the air filters are changed, and when they were last changed.  

Other observations would include how dirty the air filters are and whether there is any air-bypass 

around the air filters?  If the AHU has a humidification system, the level of relative humidity the 

system is set at can be documented and compared against onsite readings and perceptions.  The 

assessor should also observe if there is any standing water in the humidification tray which could 

lead to excessive mould/bacterial growth.  

To safely and thoroughly inspect these components, it is the common practice of the Building 

Environment Unit to ask the building operator to temporarily turn off the air handling system.  If 

the system is on, the pressurization, noise and moving parts within the AHU may interfere with 

the assessor’s senses and cause unsafe conditions.  For this reason, this part of the inspection 

should occur before the building occupants arrive.  Due to this, this part of the assessment has to 

be performed in a relatively short period of time, because if the system is down for an extended 

period of time it can, in itself, affect the building’s Indoor Air Quality.   

4.1.5. Occupied Areas  

After observing or measuring parameters outside and within the Mechanical Room, the assessor 

will progress into the occupied areas of the building to begin sampling.  Once the sampling 
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locations have been chosen as per the proposed study design, readings will be taken with either 

calibrated IAQ equipment or by the senses of the assessor. The measurements will include: 

Comfort Parameters; levels of dust; cleanliness of work surfaces; visual assessment of supply 

and return airflow with a smoke pencil; visual assessment of pressurization between area 

separations (walls/doorways) with a smoke pencil.  The level of formaldehyde and ozone within 

these areas should be measured if the assessor subjectively detects such odours, as well as, any 

other observations that may be related to Indoor Air Quality are to be noted.   

All measurements are to be taken where the occupants spend the majority of their time inside the 

building.  If not informed otherwise by the building operator or the occupants, it is reasonable for 

the assessor to assume the average Government of Alberta office worker spends the majority of 

their work day at their desks.   Photocopying and storage areas should also be tested. Data should 

be acquired within the occupant’s breathing zone.  The Building Environment Unit of Alberta 

Infrastructure compares these readings against Appendix 3 of the Indoor Air Quality Guidelines 

(Appendix S), and measures only the Comfort Parameters in the morning and afternoon because 

they, unlike the other parameters, often vary greatly over the course of the day. All readings are 

to be taken with the occupants present so best to determine what the occupants are exposed to 

and how their own respiration may impact the IAQ. If the assessor believes the equipment is 

faculty or the readings are not representative, it is to be noted in the Final Report.      

4.1.5.1. Comfort Parameters  

Comfort Parameters include temperature, relative humidity, carbon dioxide and monoxide levels.  

Not only is the assessor to measure the air temperature, but they are to compare it against the 

area’s ‘set’ and ‘reading’ thermostat temperatures.  It should be noted if the area has a 
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thermostat, and if it does, is it readily visible to the occupants and can it be adjusted as needed.  

The assessor should also note whether changing the set temperature of the thermostat varies the 

amount of air coming out of the air supply vents or whether it activates the areas perimeter 

radiators in the colder months.   

While recording the Comfort Parameters, the assessor is to be aware of certain observations 

unique to each parameter.  In Government of Alberta buildings, it is uncommon for there to be 

relative humidity adjustment switches or readouts. Due to this, and in buildings with 

humidification systems, the recorded relative humidity is to be compared against the set value for 

the particular air handling unit supplying the area of the building.  Since carbon dioxide is 

produced by normal respiration, the number of people present (including the assessor) during the 

testing is to be recorded, as well as, factors which may modify it. To this extent, the assessor is to 

observe or ask: What is the normal number of people in the area? Is the area open? And if it is a 

room, were the doors entering it open or closed during the testing? And what is the normal level 

of activity in the area is, and did it occur during the assessment period?  

Due to the inherent properties and dangers of carbon monoxide, special care is to be taken by the 

assessor in its measurement.  As stated in the Government of Canada (2013), OSH Answers Fact 

Sheet for Carbon Monoxide (Appendix Y), Carbon Monoxide is a colorless and odourless gas 

that strongly binds with haemoglobin.  By this action, it inhibits the ability of blood to carry 

oxygen and may lead to affixation and death.  When the assessor is taking measurements, they 

should be especially aware of any possible sources of carbon monoxide inside and outside of the 

building.  Furthermore, if the carbon monoxide readings remain above the acceptable limits (5 

parts per million) the building operator or other person in care and control of the building should 

be immediately informed to discuss if further actions are required. If the carbon monoxide levels 
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are above the Health Canada Residential IAQ Guidelines Levels for 1 hour (25 ppm) (Appendix 

P), then the affected areas may have to be immediately evacuated by the building operator or 

other person in care and control of the area.  

4.1.5.2. Dust 

The levels of measured dust within the building can be used to infer the efficiency of the air 

filters, as well as, the adequacy of the housekeeping.   Dust can be present in a building either 

from the supply air, air pressurization between areas or from activities and objects within the 

space.     The dust may be inhaled and cause the person to react.  Levels of dust are to be 

measured in the ambient air, as well as, in the carpet and cloth chair
4
.   High levels of ambient 

dust may indicate the AHU’s air filters are not working properly, while entrained dust on the 

carpets and within the chairs may indicate the housekeeping is not adequate. Levels of dust are to 

be observed on work surfaces, including those above four (4) feet (high dust) which are 

commonly missed by the cleaning staff.  The assessor is to determine if the dust levels are at or 

above moderate levels. This testing is often performed by running a finger over the horizontal 

work surfaces to see if dust begins to build up against the finger.   

4.1.5.3. Supply Airflow and Air Pressurization   

If the assessor has the time, skill and equipment, they may use a calibrated instrument to measure 

supply and return airflow, as well as, air pressurization. By doing this, the assessor can record the 

                                                           
4
 Whereas the acceptable level of ambient dust is 0.100 milligrams per cubic meter of air or less 

as stated in GOA, June 2006 (Revised June 2007), guideline (Appendix Q) the acceptable levels 

of entrained chair and carpet dust, being 0.80 milligrams per cubic meter of air or less, is based 

on research conducted by the manager of the Building Environment Unit, Colin Wildgrube.  
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amount of airflow and pressurization and compare such values against the ANSI/ASHRAE 

Standards. However, if the assessor does not have the necessary resources or skill at their 

disposal to take quantitative measurements, airflow and pressurization can still be subjectively 

measured with a smoke pencil.  By holding the smoke pencil adjacent to a supply or return air 

vent, the amount of flow can be estimated.  This will allow the assessor to not only judge the 

amount of airflow, but if there is short-circuiting between the supply and return vents.  

Ventilation short-circuiting occurs when air from the supply is drawn back too quickly into the 

return before it can adequately circulate in the room. A similar process can also be carried out for 

air pressurization by holding the smoke pencil at door entrances.  This allows the assessor to 

visually observe if areas with contaminates are negatively pressurized to surrounding areas, and 

occupied areas are positively pressurized to surrounding areas.   

4.1.5.4.  Formaldehyde, Ozone, Total Volatile Organic Compounds (TVOC) and Other   

  Observations  

Finishes, furniture and other man-made articles present within a built environment can produce 

and emit a number of airborne chemicals which can affect the Indoor Air Quality.   As stated by 

the Government of Alberta (2012) Environmental Public Health Indoor Air Quality Manual 

(Appendix P), formaldehyde, ozone and various types of Volatile Organic Compounds are often 

present in the indoor environment.  Due to off-gassing from recent renovations or additions, 

including painting, new carpet and new furniture, high levels of airborne formaldehyde can be 

present for extended periods of time. If these or related activities have recently occurred, or the 

assessor senses these types of odours are in the test area, they should undertake specific testing 

for them.  Ozone should be measured in areas where there are high levels of observed or 

suspected electrical activity. With respect to TVOC, since there are a number of volatile 
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chemicals that cannot be sensed but can still affect the occupants, all test areas should be tested 

for their presence.   Other observations that may be pertinent to IAQ can include signs of water-

staining or discolorations which are indicative of excessive mould growth or the presence of 

items such as pieces of furniture or high cubicle walls which can block supply or return airflow. 

4.2. Qualitative Standards/Methodologies  

4.2.1. Qualitative Descriptive 

Qualitative Descriptive (QD) is a naturalistic approach of interacting and acquiring first-hand 

information from the test subjects during an interview.  Neergaard et al. (2009) stated QD is 

different from the other qualitative methods in a number of ways.  The description is not as 

extensive as Ethnography.  In addition, there is no effort by the researcher to develop a theory as 

in Grounded Theory and the researchers do not attempt to give an interpretation of the meaning 

of an experience as per Phenomenology.  Instead, the primary goal of Qualitative Descriptive is 

to give an accurate and full description of an experience or event.  

4.2.2. Assessor Engagement  

As previously discussed, many so-called qualitative IAQ studies use questionnaires. The belief is 

that they adequately capture the occupant’s perception of the Indoor Air Quality.  However, 

questionnaires by their nature are not only restrictive, but also create little engagement between 

the assessor and the occupants.  In addition, if, as it will be suggested by the current 

methodology, the information from the occupants should be used to choose the most appropriate 

test locations, a questionnaire may not be able to acquire this data in a timely fashion.  
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Qualitative Descriptive information from the occupants should be acquired through one-on-one 

onsite interviews.  To provide the necessary level of engagement, there are a number of abilities 

the assessor should possess. To maintain the naturalistic approach, the interviewer is to introduce 

a low level of interference to the interaction as possible, doing so by being non-judgmental and 

employing open-ended questions.  If the assessor is capable of these traits, they should in theory 

adjust for some of the weaknesses apparent in qualitative testing.  Sandelowski (2000) stated that 

by maintaining a naturalistic approach, it will increase the likelihood the obtained information 

will have both Descriptive and Interpretative Validity. Descriptive Validity occurs when an 

accurate enough accounting of the observed events is obtained so that most people observing the 

same event would agree is an accurate description of the event.  Interpretative Validity occurs 

when the researcher gives an accurate account of the meanings of what the participants actually 

meant to attribute to these events.  In either form of validity, the researcher is to be aware of their 

own ability to bias the information they acquire from the occupants.     

Such requirements, and those personal characteristics required to conduct them, imply the 

assessor requires empathy. Svenaeus (2015) stated empathy is not to be confused with sympathy.  

To be empathic is to have awareness of other people’s experiences, perceptions and personal 

reactions, while sympathy is endeavouring to experience the other person’s perceptions and 

personal reactions.   By being empathic, the assessor is better able to understand the occupant’s 

personal standards and the situation by which their perceptions of the IAQ may have grown, 

without necessarily agreeing with them.  If the assessor becomes sympathetic, their reaction will 

become biased.  Therefore, a researcher can be objective if they have an empathic relationship 

with the occupants of a building, but the researcher cannot be objective if they are having a 

sympathetic interaction with the occupants.    
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Mayan (2009) described three (3) stages of the interview.   The first step, or beginning, involves 

the interviewer introducing themselves to the participant and putting them at ease.  For an IAQ 

BOMA Assessment, this would occur during the initial walk-through. Here the assessor would 

introduce themselves and remind the occupants a BOMA Assessment of the Indoor Air Quality 

is occurring, and it is a proactive assessment, and as such, is not based on any IAQ complaints.  

After the introduction which will give those present an overview of what type of tests will be 

performed and how long it may take, the assessor will inform the occupants that they will be 

back during the second walk-through if their area has been chosen to be tested.  

If the assessor returns to the location, the formal stage or second stage of the interview starts.  

During this time, the assessor will be empathic and use active listening skills.  Although the 

assessor will leave after this to determine if more test locations based on information from the 

interview, or to start taking measurements, the interview will continue whenever the assessor 

interacts with the occupants throughout the day.  Departure, which is considered the last stage, 

takes place when the assessor informs the occupants the IAQ testing has been completed.  At this 

time, the occupants may ask for the results of the assessment in their or other areas of the 

building.  Depending on the instructions from the assessor’s supervisor, the building operator or 

other Alberta Infrastructure Staff, the assessor may be instructed not to discuss the results with 

the occupants.  If this is the directive, it may create uncertainty and fear in the building 

occupants.      

Along with empathy, as discussed by Mayan (2009), personal reflection of the interviewer is 

important.  Reflection will allow the interviewer to be honest with their own thoughts and 

opinions of what they are experiencing during the testing. This is done so the assessor can 

privately asked themselves if their own personal judgments are altering the information they are 



67 
 

receiving.  While the input from the occupants can be biased because it is their input, which 

reflects their own personal standards, the assessor cannot add their own standards.  Reflection 

should occur at the time of the inspection, as well as, afterwards.   

Another important factor is the assessor’s level of participation in the environment.  Because the 

philosophical basis for the inspection is Pragmatism which includes Constructivism, it is 

grounded in interactions and the results of these interactions. Included in these interactions are 

not only those taking place between the equipment and the environment, and the building 

occupants and the environment, but also those between the assessor and the environment.  In the 

level of participation referred to as ‘Observer as Participant’ (Mayan, 2009) while the observer is 

there primarily to watch the situation, they will also be involved in the activity.  The assessor’s 

involvement can include their own short-term sensory input in the test locations, but not 

conducting the occupants’ work.   In those instances when the assessor does record their own 

sensory impressions of the built environment, this must be noted in the observation sheets as 

their own empirical data, and recorded as such in the IAQ Reports.   

4.3. Phases of the Proposed Cross-Sectional, Convergent-Parallel,  Mixed-Method Study  Design 

4.3.1. Determining IAQ Test Locations (Spot Tests)  

A sound qualitative methodology requires a sufficient number of samples to be chosen so that 

saturation can occur. Mayan (2009) suggested saturation occurs when a sufficient number of 

samples have been determined and tested so that no new data emerges and all the leads have 

been followed. Ideally, there would be sufficient time for the assessor-occupant interviews to 

continue until the staff has adequately expressed themselves to the assessor and the optimal 

number of test locations has been reached. However, since the current methodology is cross-
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sectional, occurring over the course of one (1) day, interview time will be limited and saturation 

may not be possible, especially if the building is large and has many air handling units.      

However, the goal of this methodology is to be sufficiently comprehensive so as to be 

representative of the general conditions in the building and not representative of the larger 

population outside of the building.  Due to inherent bias and confounding factors present in 

setting up a mixed-method study, where the requirements of one (1) standard will affect the 

other, the necessary restrictions and control measures cannot be imposed to eliminate selection 

bias which Heckman (1979) stated can occur by using non-randomly selected samples to 

estimate relationships. Even if it was possible to base the sample locations solely on the building 

specifications, including all of the unique attributes of the air handling systems, the fact that only 

those areas that are, or have recently been occupied, are to be tested, will bias the results towards 

this population.  This is especially true, if, as observed in past experience by this researcher, 

complaints tend to move into areas with better perceived air quality. And even if the assessor is 

careful in their observations, there will be a number of unique items in the environment that may 

confound the results without the assessor being aware of it.  And without such knowledge, it is 

not possible to remove the possibility of a mixing of effects.  

Although the results of this Indoor Air Quality methodology are inherently uncertain, measures 

can still be taken to reduce selection bias and confounding factors.  In an attempt to balance the 

influence of quantitative and qualitative data, the number of non-random spot testing
5
 locations 

chosen due to the expressed occupant IAQ concerns or complaints will be matched with an equal 

                                                           
5
 Spot testing is a term used for short-term IAQ testing in a test location.  Spot Testing can take 

between 5-20 minutes per test location when Quantitative Measurements are being taken, and 

may take much longer for qualitative interviews.   
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number of randomly chosen areas that may or may not have IAQ concerns. If all of the test 

locations were chosen randomly, none of the occupants’ IAQ concerns may be recorded, 

whereas, if all of the test locations were chosen non-randomly, the Final Report may give an 

unfair evaluation of the building’s indoor air quality.  

To avoid over-picking locations based on occupants’ complaints/concerns in an area, the 

assessor should endeavour to choose qualitative responses that appear to be an average account 

of those areas.  For example, if the assessor discovers that in one (1) area of the building ten (10) 

people indicate the IAQ does not meet their personal standard, the assessor will determine if all 

of the complaints are similar.  If they are, then a fraction
6
 of the total number of non-random test 

locations will be chosen in the area, matched by an equal number of random test locations.  For 

completeness, in the Final Report, the assessor will clearly note the number of test locations in 

that one (1) area represented a larger number.   The maximum number of test locations chosen 

for a building’s IAQ Assessment should depend not only on whether the assessors believes 

saturation has occurred, but also if they believe they can conduct this number of tests within the 

one (1) day test period.     

4.3.1.1. Random Spot Testing   

Prior to arriving at the building, a number of test locations based on the physical parameters of 

the building, as well as, which areas are regularly occupied, should be chosen.  The International 

Organization for Standardization (ISO) (2004) offered a formula (ISO 16000-1) that can be used 

to determine the minimal overall number of test areas: 

Ni = 0.15 x √𝐴𝑖 (Ni≥ 1) 

                                                           
6
 As an initial approximation, the fraction will be set at 2O percent.   
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According to ISO Formula 16000-1, the minimal number of samplings point (Ni) in each zone i 

is based on the area (Ai) of the zone in m
2
.  This formula implies not only that there is direct 

relationship between square footage of a zone and the number of air samples to be taken, but 

also, there are no other factors that can increase or decrease the number of air samples that 

should be taken.   However, it could be suggested there are other physical factors in the zone 

which can change the need to sample, factors which, as reported by Saraga et al. (2011), can add 

additional variances and affect the IAQ.  Some of these factors include:  the number of AHU 

supplying air to the zone; if there are areas in the zone located next to exterior windows, and 

does the area consist of enclosed offices and/or open spaces?  In addition, does the amount of 

occupant activity change or stay the same in the zone? Also, areas with known containments, 

such as Copy and Storage Rooms, should be sampled.  

If the described sections of the building are either too large or too heterogeneous, they should be 

further stratified into meaningful subunits based on a randomizing methodology. To subdivide 

the areas, a grid pattern can be placed over a copy of the building’s floor plan.  Each of the grid 

boxes, representing an average work area of 6.7 square meters - as per the GOA (2004) Ministry 

Accommodation Guide – is numbered. Following this, a random number generator can then 

choose the test locations, using Ni from the ISO 16000-1 (2004) formula as a minimal number of 

test locations.  Ideally, prior to the assessment, the assessor will contact the building operator to 

ask them to indicate on the building’s floor plan which areas are normally occupied and a scale 

so that 6.7 squared meter grids can be drawn on the plan by the assessor. This information can be 

sent to the assessor via email or by post. If this information is not available, then the assessor will 

have to acquire it on the day of the inspection and apply the aforementioned processes at that 

time. 
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4.3.1.2. Non-Random Spot Testing  

Prior to the assessment, the assessor would have sent an email to the building operator or Alberta 

Infrastructure representative responsible for the building, describing what a BOMA IAQ 

Assessment entails and on what day and time it will commence.  The assessor would ask if there 

have been any IAQ complaints and if they are aware of any of the occupants being absent due to 

IAQ concerns. Also, this email would recommend that the building occupants are informed of 

the assessment, and that anyone who has IAQ concerns should contact the operator beforehand 

so those areas may be selected for IAQ testing.  In addition, for those occupants who would 

rather, they can bring up their concerns directly to the assessor when they are onsite.  

During the first onsite walk-through with the building operator, the assessor would introduce 

themselves to the occupants and note on the building’s floor plan which areas have IAQ 

concerns. Once the assessor has visited all occupied areas of the building, a second walk-through 

would commence, with them going back to selected areas with and without
7
 IAQ concerns and 

interviewing the occupants. The selected non-random spot test locations will determine which 

Radom Spot Test Locations will be chosen from, based on characteristics such as being supplied 

by the same AHU and having a similar office configuration.  The interviews will provide a 

forum by which the occupants may describe present and past IAQs in their area, or may inform 

the assessor of IAQ concerns in other areas of the building.  This method is iterative, in that all 

information acquired is used to choose and improve the selection of the location and number of 

the final Spot Test Locations where the quantitative and qualitative information is measured.  

                                                           
7
 The areas without IAQ concerns are assumed to be in the random spot testing locations; 

however the occupants may inform the assessor that there are IAQ concerns.   
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In respect to absent-workers, an inherent concern in a cross-sectional study design, the assessor 

may need to interact with a number of other departments to acquire this information. Because of 

the Freedom of Information and Protection of Privacy (FOIP) Act (2000) does not allow outside 

parties, such as an assessor, to readily determine who within the building is sick, the first 

department the assessor should contact is the Human Resources (HR) Departments for the 

various government ministers within the building.  The assessor or their supervisor would need 

to describe what type of testing would be occurring and why the information is needed.  It is then 

up to the HR person, and the policies they are following, to make such inquiries with the 

occupants or their supervisors.  The assessor will want to know which of these occupants 

possibly have IAQ related sickness and where they are located in the building.  

If this information is not forth coming, then it may be possible for the assessor during their 

walkthroughs to note which of the work areas appear to be used, but were not occupied.  From 

there, the assessor could ask other occupants in the area if the person at the desk is off sick.  If no 

other information is offered, the assessor could then infer that some of the desks that had been 

identified as having sick workers are due IAQ-related illness.  In the Final Report, the assessor 

will have to indicate the assumptions that have been made in choosing these locations. 

4.4. Proposed Cross-Sectional, Convergent-Parallel, Mixed-Method Study  Design -  Results  

The results or output of the BOMA IAQ Assessment would occur in keeping with the stages of a 

convergent, mixed-method study design, but it will not be linear. Although the study design 

appears sequential, it is not.  Due to the process of engaging and gathering information being 

iterative, information from Stage Two (analyzing quantitative and qualitative measurements) can 

lead to further changes/measurements in Stage One (collecting quantitative and qualitative 
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measurements) or even Stage Three (merging measurements).  Nevertheless, because the 

primary goal of the methodology is to undertake the necessary number and type of 

observations/measurements to determine what the majority of the occupants’ IAQ concerns are, 

certainty is far less important than being comprehensive.  Therefore, Preliminary Results and a 

Final Report can still be given. 

4.4.1. Preliminary Results   

On the day of the inspection, during and after the assessment, onsite verbal accounts would be 

given to the building operator, Alberta Infrastructure Facility Manager or Operations Supervisor.  

As mentioned, a limited overview of the IAQ results may be given to the occupants depending 

on explicit instructions from the building operator or Alberta Infrastructure Staff.      

4.4.2. Final Report  

Within a month of the assessment, a written report would be issued to the building operator and 

Alberta Infrastructure Properties Staff.  Others may receive the report if they have made a formal 

request, and have the necessary authority to make such a request. This report would include the 

following components: 1) quantitative and qualitative results in a table form, highlighting which 

results did not meet their respective standards; 2) floor plan of the location of the testing spots; 3) 

overview of the results including interpretation and analysis of the data in point form; followed 

by 4) Short and Long term recommendations for corrective actions.  

For the Quantitative Results, they would be compared against Appendix 3 - Indoor Air Quality 

and Comfort Parameters standard defined in the Alberta Infrastructure’s, Indoor Air Quality 

Guidelines (Government of Alberta, June 2006 (Revised June 2007)), (Appendix S).  For the 

qualitative results, or the perceptions and observations of the occupants, this would require 
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Latent Content Analysis (Mayan, 2009).  The first part of this process involves transcribing 

verbal information from the occupants.  Once it is in written form, it is coded and categorized.  

Coding involves making the data understandable to computer software so it can be categorized 

based on pre-determined groupings.  Prior to this, the person analyzing the data decides how 

similar dissimilar words are and then how to group them based on this algorithm. For example, 

the analyzer may determine the words ‘dank’ ‘stuffy’ and ‘heavy’ should be coded as meaning 

the same thing (low air quality). The various overlying themes are then extracted and solidified.  

This process will generalize, where possible, the occupant’s concerns, being careful not to 

remove unique characteristics of individual experiences.   

With this information, a number of questions can then be answered:    

1. Which quantitative and qualitative data did not meet their respective standards?  

2. Which quantitative and qualitative standards were breached the most and to what 

extent? 

3. If the assessor was able to measure both quantitative and qualitative data from the 

same test locations, the two (2) sets of data would be compared to determine the 

strength of association between them.  For example, there would be a high degree of 

association if a person said it was very hot in their area, and temperature was well 

above the acceptable temperature range.  

Once the analysis is complete, the Final Report would then endeavour to interpret the findings.  

Interpretation would result in generating hypothesis for the possible causes of the IAQ concerns 

and developing short and long term recommendations so the IAQ parameters can meet the 

quantitative and qualitative standards.  
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4.5. Proposed Cross-Sectional, Convergent-Parallel, Mixed-Method Study Design – Assessor 

Self Checks for Quantitative and Qualitative Validity and Reliability 

Before, during and after the Building Operator’s Management Association of Canada Indoor Air 

Quality Assessment, the assessor and those involved in the process of testing, should conduct 

self-checks to ensure the methodology, as well as, their actions within the performance of the 

methodology are valid and reliable. As will be discussed later in this thesis, the process of 

verification involves ensuring academic rigour not only after the results have been acquired but 

during the process of acquiring them. Validity requires the involved parties to ensure what is 

claimed to be measured was measured.   Reliability needs to be checked so that the involved 

parties are consistently performing their measurements in the same way. Since the entire 

assessment is based on the observed or empirical data, both quantitative and qualitative, this is a 

very important step.  

4.5.1. Quantitative Self-Checks  

A number of questions are proposed based on the quantitative data obtained:  

1. Were the building’s air handling systems and other mechanical systems related to 

the IAQ working within designed specifications on the day of the inspection?  

2. Were the normal numbers of occupants present during the testing period? Was their 

level of activity normal?  

3. Were the external standards used to compare the quantitative measurements against 

relevant and up to date? 
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4. Was the IAQ test equipment used to measure the standards designed to make these 

measurements? 

5. Did the IAQ test equipment need to be calibrated and was it calibrated? 

6. Were the measurements taken where the occupants are usually located during the 

workday and in their breathing zones? 

7. Were the readings allowed to stabilize for a long enough period so that they 

accurately reflect the recorded environmental conditions? 

8. Were there an adequate number of randomized test locations?    

9. Were the physical locations of the testing areas representative of the occupied areas 

of the building?   

10. Did the assessor accurately and precisely transcribe the equipment’s readings and 

their own observations? 

4.5.2. Qualitative Self-Checks 

A number of questions are proposed based on the qualitative information obtained:  

1.  Did the assessor have any prior or current personal concerns or bias with the building 

or its operator or staff which may bias their ability to objectively conduct the 

assessment?  

2.   Were there an adequate number of non-randomized test locations chosen?  
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3.   If possible, did the assessor attempt to determine if the occupants’ perceptions of the 

building’s IAQ was actually due to the building’s IAQ and not any other stressors 

(possibility of confounders)?  

4.    If such confounder’s existed, were they adequately noted in the results? 

5.   Were the normal numbers of occupants present during the testing period?  

6.  Did the assessor use open-ended questions with the occupants so that they did not 

lead the occupants to pre-determined conclusions the assessor was attempting to 

prove or disprove? 

7. Did the assessor accurately and precisely transcribe the occupants’ and their own 

observations?  

The major parts of the proposed cross-sectional, convergent-parallel, mixed-method study design 

are summarized in Appendix Z.   The methodology is divided into three (3) sections:  Pre-

Assessment, Assessment and Post-Assessment. The individual steps within each section are 

listed in chronological order.  Pre-Assessment includes receiving a request for a BOMA IAQ 

Assessment, contacting the building operator and scheduling the assessment.  Assessment 

includes inspecting the building’s AHU(s), selecting random and non-random spot test locations, 

followed by taking quantitative and qualitative measurements/observations.  To reduce 

measuring bias, the assessor should follow the specific equipment operating guidelines outlined 

in Appendix Z. Post-Assessment includes preliminary verbal reports and a final written report.  

The former will be given to the building operator on the day of the inspection, and, if 

permissible, a limited overview of the findings will be given to the occupants.  The final written 

report will be issued to the building operator and Alberta Infrastructure Staff.     



78 
 

5.0. Discussion and Recommendations 

5.1. Discussion 

The proposed cross-sectional, convergent-parallel, mixed-method study design for conducting 

BOMA IAQ Assessments in GOA owned and leased buildings, simultaneously measures data 

from both the built environment and its associated system (quantity) and from the occupants 

(quality).   By obtaining data from both sources in parallel, and comparing them against each 

other, this allows the researcher to not only assess if the individual standards have been met, but 

also the level of association between quantitative and qualitative data.   

Even if one of these data streams is qualitative, and inherently biased, Verification is a necessary 

step in ensuring the methodology and any of its conclusions are not fiction. Morse et al. (2002) 

defined Verification as a process of ensuring the data was obtained and interpreted within the 

limitations of the study design. If findings of the research are reliable and valid, then the rigor of 

the study increases. The present thesis adopts the view both quantitative and qualitative data 

have to be valid and reliable, and Verification Strategies are not only to be applied once the data 

had been obtained, it also has to occur while the data is being obtained.    

For the proposed cross-sectional, convergent-parallel, mixed-method study design, Verification 

of the quantitative parameters requires the appropriate and relevant externally measurable IAQ 

parameters to be chosen and measured. As outlined previously, the list of Indoor Air Quality 

quantitative parameters that are to be used in the proposed methodology are from professional 

organizations with recognized and relevant expertise, including ANSI/ASHRAE (Standard 55 

(2013b), Standard 62.1 (2013a), Best Practices for Design (2009)), Alberta Infrastructure (Indoor 

air Quality: Mould Indoor Environments Risk Assessment and Management Program Handbook 
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(2006)) and Alberta Health Services (Environmental Public Health Indoor Air Quality Manual 

(2012)). The American Society of Heating, Refrigerating and Air-Conditioning has recognized 

expertise in the design and functioning of the air handling and related systems of the ventilation 

and thermal controls of the building, while Alberta Infrastructure and Alberta Health Services are 

experts as to which physical, chemical and biological agents may be present in the built 

environment, and what levels of these agents should be present in an healthy and comfortable 

environment.  Furthermore, Alberta Infrastructure and those private and public parties they 

interact with, have the necessary quantitative expertise to purchase and use the equipment 

necessary to make the cited IAQ measurements.  

Although there is at present no recognized qualitative standard or methodology to conduct 

proactive Indoor Air Quality inspection, the present methodology is based both on field 

experiences of the Building Environment Unit, as well as, from the previously cited articles.  

Furthermore, the IAQ Assessor is to self-check for validity and reliability throughout the 

methodology to ensure the necessary conditions exist, so that the defined measurements are 

correctly measured.     If, as required, the assessor has expertise in both quantitative and 

qualitative research as it applies to testing in built environments, they will be aware of the need 

for continual validation and consistency.   In addition, even though the testing is cross-sectional, 

and occurring on only one day, implying the quantitative results may be biased to the Indoor Air 

Quality on that day, the qualitative input acts as a form of ‘data mining’ providing a means to 

‘look into the IAQ history of the building.’  As such, since most of the information from the 

occupants will be from their long-term exposure to conditions within the building, this 

methodology helps the assessor to optimize their historical understanding of the building’s IAQ, 

and therefore, increases the validity of the method.     
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Generalizability is also another aspect of academic rigour, and one often overlooked by 

qualitative researchers.  Because the present methodology collects data from individuals, it 

appears difficult to argue the information gained can be generalized to other people with their 

own unique standards. Morse (1999) however did not view inherent variability as a liability.  

Instead, diversity is desired; samples in relatively small samples sizes should be selected 

purposefully so they can contribute toward the emerging theory. Ideally, each sample should be a 

composite of the many other characteristics within the population. In other words, the researcher 

is supposed to challenge previous theories with new samples to see if they fit, or if the theory 

needs to be adjusted. As such, the paradigm is shifted from proving the theory is correct, to 

testing if it is incorrect. It is the specific selection of these samples that ensures the theory is 

comprehensive, complete, saturated, and accounts for negative cases. If carefully selected, 

knowledge gained from these samples should be valid for all likely scenarios that may be 

identified in the larger population.   

To examine this closer, a hypothetical example is considered. In a particular building there is a 

strong association between occupants complaining of dryness (i.e. low relative humidity) 

(quantitative) and the occupants’ perception of experiencing sore throats (qualitative). This 

information and not the fact certain individuals had the perceptions is what is relevant.  As such, 

it is not the individual, but the aggregated experiences that are generalizable.  Once this 

information is put into the report, it will be recommended the relative humidity throughout the 

building be increased to an acceptable range, with the expectation that such an adjustment would 

have a positive effect not only for those who voiced these concerns, but for others within the 

building who were not interviewed but may also had similar symptoms.      
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For the proposed methodology, the primary strength and weakness is the ability of the assessor to 

fulfil their assigned tasks.  Even if the data that is chosen to be collected and the standards by 

which they are compared against, are a valid reflection of the building’s Indoor Air Quality, and 

the method is, in theory, reliable (consistent), so much of the success of the assessment lies 

squarely on the assessor.  The assessor is asked to have both quantitative skills: observant, 

factual and precise; as well as, qualitative skills: creativity, sensitivity, flexibility and 

adaptability. Such divergent skills sets may be very difficult to find in a single assessor.  If this is 

not possible, or even likely, it reduces the probability that Verification will occur.  

To improve validity and reliability of the assessor, and thereby improve the overall assessment of 

the indoor air quality, it could be suggested more than one (1) person should perform the testing.  

Given the experience of the Building Environment Unit with employing only one (1) person to 

conduct the BOMA IAQ Assessment, the aforementioned methodology is a very long and 

exacting process.  It involves and requires the assessor to often conduct the assessment for more 

than eight (8) hours in a row (approximately from 8:00 am to 4:30 pm).  As such, it appears that 

having two (2) or even three (3) assessors present at the same time will greatly reduce the time 

and efforts of the individual assessor.    

If there is only one (1) assessor, they are being tasked to not only take quantitative 

measurements, but to also to interview the occupants and look for aspects of the environment 

that may be related to the findings. If, on the other hand, one person took the physical 

measurements (quantitative) and another interviewed the occupants (qualitative), it is possible, 

and as long as each assessor does not cross over into the other’s scope of duty, this would 

increase the consistency of each type of testing. The choice of the testing spots would then fall 

upon the person who is assigned to interview the occupants to decide the location and number of 
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non-random test locations, and then, either with the second assessor, or by themselves, to follow 

the random spot testing protocols to choice the other locations.  Although two (2) assessors could 

improve the assessment’s validity and reliability, and some organizations may be able to provide 

an extra person, at present, it is unknown if the Built Environmental Unit of Alberta 

Infrastructure can provide the additional assessors.   

Even if the optimal level of assessors may not be available to maximize the performance of the 

assessments, the process of engaging the occupants has a number of positive attributes. Based on 

the researcher’s experience in Building Environment Unit during initial BOMA IAQ 

Assessments, it became evident that by involving the occupants in the testing, not only made the 

assessment more comprehensive, the occupants’ involvement seemed to improve their 

understanding/appreciation of the building’s capacity to meet their expectations.  For example, if 

the occupants wanted it hotter, but the temperature in their area was within the acceptable 

temperature range of 20 – 24 degrees C, many occupants seemed to accept the heating system 

could only provide temperatures within this range.  

Furthermore, by directly interacting with occupants, one could better understand the framework 

of their concerns and expectations.  Often, when occupants were forthcoming about their 

perception of unacceptable Indoor Air Quality, they readily displayed behaviours which implied 

they were either experiencing discomfort or anxiety. Such anxiety was often compounded 

because it appeared the occupants did not know how to report the information.  This observation 

is particularly helpful for the purposes of the assessment because it speaks directly to whether the 

building operator has a means of being aware of and then addressing the occupant’s IAQ 

complaints, a question that was stated in the Building Owners and Managers Association of 

Canada (BOMA), June 2009 document.    



83 
 

Furthermore, as it was experienced by this researcher, that even if there were IAQ parameter(s) 

that did not meet a standard, careful disclosure of information to the occupant by stating the 

information in its proper context, drew minimal occupant overreactions.  If an overreaction 

occurred, the BEU Researcher gave further explanation. Any unresolved overreactions the BEU 

were aware of were reported to the Alberta Infrastructure Properties Division contact. When 

there was an apparent deficiency in the IAQ and if the BEU Researcher/Assessor was given the 

authority to discuss the information with the occupants, the researcher would say to the 

occupants the measurements would be noted in the report and corrective actions would be 

recommended to the building operator.  To many of the building occupants this response 

appeared to be sufficient.  In addition, and to build trust, the BEU Researchers would also 

mention to the occupants that if any of the IAQ test equipment readings indicated there were 

dangerous levels of contaminants in the building, they would immediately inform them and 

contact the building operator. Either way, by engaging the occupants and showing them genuine 

concern and respect, the occupants often felt heard and understood which appeared to reduce 

their anxiety.  

By talking to occupants about their IAQ concerns in an open, non-judgmental fashion, this 

methodology allowed the BEU Researcher/Assessor to show empathy.  This allowed the 

occupants not only to be honest about their perceptions, but also more accepting of the 

information they were given.  By providing a process to validate that they had these perceptions, 

it began to reduce their anxiety. The message the BEU Researcher/Assessor attempted to give to 

the occupants was:  ‘We hear you have this perception, and to you it is correct.  We will not 

judge it.  We will write it down and then we will perform the necessary IAQ measurements so 

we may better understand your perceptions and try to confirm the correlation.’  
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The BEU Researchers also believed the methodology helped the occupants feel empowered in 

respect to their Indoor Air Quality concerns. Instead of endorsing the mindset that the quality of 

the indoor air was too difficult for the occupants to understand or unrelated to their health and 

comfort, the viewpoint of the methodology is inclusive, and not condescending or authoritarian. 

The Constructivist-Pragmatic Philosophy requires open, respectful exchanges of information and 

in the formation of what is acceptable. And by directly involving the occupants in the discussion 

of what may be the cause(s) of the IAQ perception, not only could the occupants begin to see 

they had an important role in its monitoring, but as valued members of the discussion, be 

objectively informed that Alberta Infrastructure had limited resources to operate and manage 

GOA Buildings. From there, occupants could begin to relate or at least understand the difficulties 

the building management had in maintaining the building, and perhaps appreciate that it was 

necessary to work with the operators to resolve the concerns.  The BEU always had in mind the 

idea of trying to move both the operator and the occupants away from the ‘us’ and ‘them’  

mindset that can often complicate communications.  

In light of this information and arguments formed upon it, it is now possible to re-visit American 

Standard of Heating Refrigeration and Air Conditioning Engineers definition of acceptable 

Indoor Air Quality.   As stated within the American Society of Heating, Refrigerating and Air-

Conditioning Engineers (ASHRAE) Standard 55 (2013b) and Standard 62.1 (2013a), the 

purpose/scope of these documents is to specify the ventilation or heating systems parameters of a 

building so both the ‘thermal comfort’ or the level of ‘contaminants’ will be suitable for 80% of 

the occupants.  At the time this information was previously given, it was asked what is to be 

done about the other 20% of the people who are not satisfied.   Two (2) possible responses are 

offered to this question: (1) as outlined in the previous paragraph involves engaging the 
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occupants, taking the necessary measurements to quantify the concern, followed by discussing 

the results with the building operator and the occupants.  Then, within the limitations of the 

building’s mechanical systems to achieve favourable conditions, recommend possible ways to 

amend the environmental conditions.  (2) Or, as given by the second option, ignore such 

concerns.  

The question then becomes what could happen if the Indoor Air Quality concerns of the 

occupants are ignored, or turned into a ‘problem’ of those who expressed them?  While some 

occupants may accept the building operator’s willingness to take no further action, or perhaps 

understand the implication posed by most environmental conditions (excluding high level of 

carbon monoxide) is actually not ‘scientifically’ significant, there will be occupants who may 

feel very concerned IAQ issues are not being addressed by the building operator.  Boxer’s (1990) 

work appears to describe what may happen as a consequence of not adequately respecting and 

engaging the occupants.  Boxer (1990) discusses a phenomenon referred to as Mass Psychogenic 

Illness (MPI), in which there is the rapid spread of symptoms whose basis lies in psychological 

factors.   The ‘outbreak’ begins with one (1) or several workers becoming ill, most of which 

attribute their symptoms to a physical cause in the work environment.  As the word of the 

occurrence spreads throughout the building, so does the anxiety build up, resulting in other 

workers becoming ill with numerous symptoms and complaints.   

The reason this may be pertinent to IAQ is, as Boxer (1990) suggested, there is a strong link 

between MPI and those symptoms reported by occupants during a Sick Building Syndrome 

investigation.   Although the proposed cross-sectional, convergent-parallel, mixed-method study 

design is proactive, and would not be used in response in a facility with complaint-driven, Sick 

Build Syndrome, such a situation may have arisen because of the building operator or associated 
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staff not initially engaging the occupants. For example, even if the occupants may not openly 

disagree with operator’s inability to engage them in some way, to at least discuss why their 

perceived Indoor Air Quality concerns may or may not be a health issue, it is possible for the 

occupants’ internal anxiety to cause a small issue that could be rationally approached, to one 

requiring more resources to rectify, and possibly leading to future tension between the occupants 

and building operator.  

Furthermore, as observed by this researcher, some of the stakeholders expressed concerns during 

the initial phases of BOMA IAQ Assessments, including the building operator and Alberta 

Infrastructure Staff, either directly or indirectly, about involving the building occupants in the 

assessments.  To them, occupant’s input was irrelevant, and including it or asking for it or 

responding to it, would cause problems.  Some building operators indicated to BEU Researchers 

that by discussing IAQ results with the occupants or even having the occupants present during 

testing was provocative and would unnecessarily alarm the occupants.  For the latter concern, 

this implied the assessor would give information to the occupants about conditions of the 

building that was incorrect. However, since the information the assessor would have would be 

from either the instruments, which are assumed to be calibrated and correct, or from specific 

occupants being interviewed, which they already know, it could be inferred the operator is 

actually saying something else.  It could be hypothesized that perhaps the operator is implying 

that they should decide if and when the occupants have this information and in what form. 

Regardless of whether the operator’s request goes against the Government of Alberta mandates, 

or OHS practices, by not treating the occupants with respect and responding to the occupant’s 

direct requests for information at the time of the inspection, can quickly disengage the building’s 

occupants.   
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Or, it is hypothesized that perhaps the building operators or equivalent managers were of the 

opinion the standard of the assessment was only quantitative; and did not include qualitative 

data.  By taking the former view, the occupant’s perceptions/standards are not considered to be 

relevant.  This last comment allows the researcher to offer another example of dissimilar 

objectives creating divergent expectations, one that is fundamental to the Building Operator’s 

Managers Association BESt certification process.  At present, there are four (4) levels of BOMA 

BESt Certification (2014), and depending on how many points a building earns in the various 

categories, the higher the level it will achieve.  The highest level, Certification Level Four 

requires an overall building score of 90% or more.   With the score being an overall average, it 

means that even if the building fails in one of the smaller areas, of which IAQ falls within, the 

building may still achieve a high overall score.  And even more potentially adverse, is the 

reliance of the BOMA system for the operators to manage themselves, undermining the ability of 

an auditing system to have any form of meaningful objectivity.  From this, it is clear that there 

are two (2) different and potentially conflicting expectations of the BOMA IAQ Assessment; the 

first is for optimizing the ‘health’ and ‘comfort’ of the occupants, while the other is for obtaining 

the highest BOMA Certification Standard.  

5.1.1. Overview of the Strengths of the Methodology 

This list of strengths is offered with the proviso that the necessary resources, including personnel 

and equipment are available to fully implement the methodology: 

1. Valid – The methodology produces a more comprehensive picture of the IAQ in the 

building, not only on the day of the testing, but throughout the year.  
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2. Reliable – The methodology is designed to provide a method to consistently 

monitor/observe quantitative and qualitative data in GOA buildings it is applied to.   

3. Generalizability - The measurements and the subsequent associations arrived at from 

conducting the IAQ Assessment at one (1) particular GOA buildings can be applied 

to other GOA buildings.   

4. Efficient – Cross-sectional, mixed-method study design allows for testing to be 

completed in one (1) day.  

5. By including input from the occupants, which may include their present and past 

experiences, there is less variance in the results, in comparison to quantitative data 

that is only acquired on the day of the assessment.  

6. The assessment may include information from Absent Workers, whose absenteeism 

could be IAQ related.  

7. Increased engagement/communication with occupants.   

8. Empower the occupants to better understand what may or may not be the cause of 

their perceptions, and their responsibilities in reporting their concerns.   

9. Decrease the occupants’ IAQ anxiety by discussing IAQ conditions in their area in a 

rational, empathic and professional manner.  

10. Less ‘interpretative noise’ than other qualitative methods. 

5.1.2. Overview of the Weaknesses of the Methodology                                                                                          

This list of weaknesses is offered with the proviso that the necessary resources, including 

personnel and equipment are available, but are operating under duress or suboptimal conditions:  
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1. Reliance on Expertise - Assessment Staff requires expertise in quantitative and 

qualitative research.  If the assessment is performed by only one (1) assessor, the 

necessary level of individual expertise increases.     

2. Physically and psychologically intensive.    

3. Assessor’s viewpoint may be deductive and not inductive.  This occurs if the 

assessor does not listen or appreciate the individual occupants’ unique perceptions.  

4. Selection/Interview Bias: 

i. Healthy Worker – If information concerning absent workers is not collected, 

then only healthy workers could be present at the time of the inspection.  Those 

occupants with long-term IAQ issues may be home on the day of the inspection, 

thereby affecting the results.     

ii. Seasonal: Testing during a certain time of year may cause the building to exhibit 

some issues, but not others.  For example, a weak heating system would not be 

evident in the summer.  

iii. Testing Locations: Difficult to mix the opposing needs of quantitative (all 

locations have an equal chance of being picked) with qualitative (locations 

chosen where occupants have IAQ concerns) Data.   

iv. Assessor may allow one (1) standard to produce a preformed opinion and bias 

their ability to measure the other group of measurements.  

5. Confounding Factors:  

i. Occupant Stress: Occupant workload or other life factors could increase their 

tendency for them to be sensitive to the IAQ of a building.   Although the 

assessor is not an authority in what may or may not cause an occupant stress, 
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the assessor should note this information, where it is apparent to them, if they 

believe the occupants may be affected by such a factor, which could alter the 

occupants’ perception of how the IAQ is affecting them.     

ii. Occupant Health Issues: Occupants’ general health (i.e. flu season) could be the 

reason for IAQ complaint and not the building’s IAQ.   

iii. Assessor Stress: Assessor’s workload or other life factors could increase their 

tendency to perceive a building as being the cause of IAQ concerns voiced by 

the occupants.  Although the assessor may not be able to control these emotions 

and/or thoughts, they need to be aware of them, and note them in the final 

report.  

iv. Other elements in the internal or external environment which may be affecting 

the occupant’s perception of a building’s Indoor Air Quality and not observed 

and noted in the report.   

6. Indoor Air Quality Testing Equipment 

i. Not calibrated. 

ii. Inadequate to take the required measurements.  The ambient levels of the 

parameters are below the detection limit of the equipment.  

iii. The equipment is faulty, may produce false-positive or false-negative readings.    

7. Occupants may not communicate their IAQ concerns to the assessor: 

i. Too busy. 

ii. Environmental conditions.  

iii. Language barriers. 

iv. Intimidated by other occupants or the building operator.   



91 
 

v. Apathy of occupants or building operator. 

vi. Short-term illness.   

8. External Interference – Since the Building Environment Unit is not independent of 

other parts of the government, other stakeholders with more influence over the 

process can subvert the methodology: 

i. Building Operator/Alberta Infrastructure Staff may manipulate the process.  

They can ask the assessor not to discuss the findings with the occupants.  

ii. Building Operator may not consider or undertake any of the recommendations.  

9. Upset/ Alarm Occupants 

i. At the time of the assessment, the quantitative readings may upset the 

occupants.  

ii. If, after the testing the occupants ask for the results and are informed by the 

assessor that the information cannot be immediately shared with them, this may 

cause the occupants to become anxious due to either believing the results are 

being withheld because they are ‘bad’ or the assessor has other reasons for not 

sharing them.  

5. Lack of follow-up of findings and recommendations.   

6. Findings may upset Building Operator:  Data either from occupants or from 

measuring the building and its systems may imply that the building operator is not 

performing their work correctly which may cause conflict with the occupants of the 

building or the operator’s supervisors.    

7. Mechanical system failures on the day of the assessment, not representative of the 

normal functioning.  
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5.2. Recommendations  

Based on this researcher’s experiences, there were three (3) distinct phases the Building 

Environment Unit of Alberta Infrastructure experienced while formulating a proactive method 

for assessing Indoor Air Quality in Government of Alberta Buildings for BOMA.  In Phase I, 

when the BEU first began to conduct inspections proactively, a number of quantitative 

parameters were defined and used to measure the IAQ (Appendix A) during either the morning 

or afternoon.  The occupants were seldom asked about their perceptions of the building’s Indoor 

Air Quality.  

With time and upon considering the misunderstandings of the initial assumptions
8
, the BEU 

shifted into Phase II. In Phase II, it was understood by the majority of the BEU members that 

since the initial assessments did not associate specific areas of the building with specific 

occupants’ symptoms that may be related to IAQ, and may affect the occupants’ perception of 

the building’s indoor air quality, the BEU began to engage the occupants with more open-ended 

questions. The assessments also began to measure more quantitative variables, including 

pressurization between areas (Appendix C and D).  Assessing also occurred throughout the 

workday because the BEU came to realize IAQ testing in the morning and afternoon was a better 

means of measuring how a building’s mechanical systems adapted to changes in external 

(weather) and internal (number of occupants, changes in activities) conditions.  

Phase III involves the present methodology proposed by this researcher, and how best to 

progress with lessons learned during the testing period. It should be noted that while most of 

what is described in this thesis has taken place during PHASE II, some of it has not.  One of the 

                                                           
8
 As discussed in Section 1.2.1, Background  



93 
 

key aspects not performed during PHASE II was ensuring that the number random and non-

random spot testing locations were equal.  As indicated in the methodology proposed here, 

during the walk-through, the test locations are to be chosen based on a number of random and 

non-random parameters, including the occupants’ IAQ concerns.   

The primary recommendation of this thesis is to field test the effectiveness of the proposed cross-

sectional, convergent-parallel, mixed-method study design for the Assessment of Indoor Air 

Quality (IAQ) in Alberta Government Buildings. This should be done to compare the current 

Occupant-Centred Methodology with the more Building-Centred design previously employed by 

the BEU at the beginning of the initial field work during PHASE I. This would be done primarily 

to determine how well each method is able to detect variables not meeting the quantitative 

standards, as well as, measure the occupant’s perception of the how well each IAQ Assessment 

Methodology is able to represent their own IAQ concerns.  Furthermore, the two (2) 

methodologies can be compared in how well they are able to help the assessor become aware of 

their own bias and other confounding factors which may affect the results.  And lastly, the two 

(2) methodologies can be compared in terms of validity, reliability, and generalizability.  

Another recommendation, perhaps undertaken if the previous results have sufficient academic 

rigor, is to consider the possibly of having this methodology performed by an independent third 

party.  One of the initial arguments given by the BEU for supporting this thesis and the 

associated research was to produce a standard format for performing BOMA IAQ Assessments, a 

format that could not only be used by the Building Environment Unit of Alberta Infrastructure, 

but also as a set of instructions for the private sector. Since the Building Environment Unit has a 

limited number of staff, if the private sector was able to perform this labour intensive work, it 

would free members of the Building Environment Unit Staff to conduct other important work.   
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In addition, through carrying out this type of work, and understanding the importance of 

engaging the building occupants, it may be possible for private sector companies to change their 

own perspective on how to conduct IAQ Inspections/Investigations, either reactive or proactive.  

It is the experience of this researcher that a number of companies rely too heavily on limited 

quantitative data to arrive at their conclusions.    

For each specific building assessed either by the Government of Alberta Staff or by the private 

sector, the outcome of such research could be used to construct qualitative theories for 

Government of Alberta Buildings in general.   Although the information for each site is 

inherently unique and cannot be generalized to all government buildings the possibility exists 

that the overall lessons and general concerns discovered can be applied to other buildings in 

similar areas or with similar purposes. By employing the features inherent in Grounded Theory 

to construct theory based on the analysis of accrued data from multiple buildings tested during 

PHASE III BOMA IAQ Assessments, it may be possible to list which quantitative and 

qualitative measures and/or descriptors have the strongest associations with each other; which 

quantitative measures most readily do not meet the external (objective) standards; and which 

quantitative measures are most readily associated with the perception (internal standard) of 

unacceptable IAQ.  

The strongest recommendation of this researcher is for everybody involved in BOMA IAQ 

Assessments to have similar expectations of the process. As discussed within the literature 

review (field experience), some occupants informed the BEU Research Group that they believed 

the building operator may request a BOMA IAQ Assessment with the intent of not following the 

recommendations.  Although it is not possible, nor appropriate to speculate on the motivations of 

a building operator, Siegrist and Cvetkovich (2000) discovered people without the necessary 
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experience or technical knowledge to assess complex hazards, often base their perception of how 

hazardous an item is on how much they trust those who manage such items.   Therefore, if a 

number of building’s occupants do not trust the building operator based on previous experiences, 

and are also aware the building operator is not required to consider or follow the 

recommendations of the BOMA IAQ Assessment, this may lead the occupants to speculate that 

the IAQ is poorer than it actually is and increase the level of anxiety in these occupants.  

If this is the case and the BEU does not currently have any means to ensure all building operators 

adhere to the same standard, perhaps it could be recommended that different types of BOMA 

IAQ Assessments should be performed based on the explicit directions of those who request the 

assessments. It could be suggested that when the Building Environment Unit is contacted in the 

future by a building operator or Alberta Infrastructure Staff to conduct a BOMA IAQ 

Assessment, the person requesting the assessment clearly states in writing what type of 

assessment they wish to have performed.   Therefore, whether the client requests a ‘building’ or 

‘occupant-centered’ IAQ Assessment, the intended standard by which the empirical data is 

judged against would be clearly identified in the Final Report.    

Such clarification of the type of assessment required could possibly improve the efficiency of 

BOMA IAQ Assessments.  By the requester clarifying up front what type of assessment they 

require, it would allow the Building Environment Unit and other third party consultants to better 

allocate their resources.  Conducting an occupant-centered assessment in GOA buildings where 

the requester only wanted a building-centered assessment is inefficient. And in situations where a 

building-centered assessment is being conducted, such clarification may also result in the 

occupants of the building asking the requester why a less comprehensive BOMA Indoor Air 

Quality Assessment was being conducted in their building.  
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Appendix U: 

Government of Alberta, August 2009, Employment and Immigration, Indoor Air Quality 

Toolkit, Sample Health Survey 
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Appendix V:  

Government of Alberta, August 2009, Employment and Immigration, Indoor Air Quality 

Toolkit, Assessment and Resolution Flow Chart 
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Appendix W:  

Government of Alberta, June 2006 (Revised June 2007), Alberta Infrastructure, Appendix 1: 

IAQ Response Process and Walk-Through Checklist 
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Appendix X:  

Creswell, J. W. and Clark, V.L.P., 2011, Flowchart of the Basic Procedures in Implementing 

Convergent Design, Figure 3.3 
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Appendix Y: 

Government of Canada, 2013, Canadian Centre for Occupational Health and Safety, OSH 

Answers Fact Sheets, Carbon Monoxide 
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Appendix Z:       

Overview of Proposed BOMA IAQ Assessment Methodology 

Pre-Assessment:  

1) The Building Environment Unit (BEU) of the Government of Alberta (GOA), or a non-

government organization with the necessary training and resources to conduct the 

assessment, receives an application from a Building Operator, Facilities Manager or 

similar person with the necessary authority, to conduct a BOMA IAQ Assessment in a 

GOA building.  

2) Staff (Assessors) is assigned to conduct the assessment and are given the necessary 

building contact information to schedule an assessment.    

3) Once the date and time of the assessment is set with the onsite operator, the assessors will 

contact the building operator to ask them if there have been any recent IAQ issues in the 

building.  In addition, the assessor would ask the building operator to contact the building 

occupants to make them aware of the assessment so that if they have any IAQ concerns 

these can be brought to the operator’s and assessor’s attention before and during the 

testing.   Furthermore, the building operator will be asked to indicate on floor plans of the 

building which spaces are occupied.  Once the assessor receives them, the floor plans will 

be overlaid with the 6.7 m
2 

grid pattern and random test spots will be chosen.  

4) The assessor reviews the most recent BLIMS/ReCAP report for the building.  

5) The assessor determines the random spot testing locations on a Floor Plan of the building.  

6) Two (2) to three (3) days prior to the assessment has been scheduled, the assessor 

contacts the building operator to confirm the assessment.  
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Assessment: 

1) In the morning of the date of the assessment the assessor meets the building operator at 

the building to begin the assessment.  

2) The assessment begins by the assessor reviewing the assessment process with the 

building operator and asking if the AHU and associated systems are operating within 

design specifications.    

3) Prior to inspecting the AHU together, the building operator and assessor are to walk 

through all occupied areas of the building so that the assessor is introduced to the 

building occupants.  This is done not only so that the occupants know who the assessor is, 

the occupants can also discuss any preliminary IAQ concerns with the building operator 

and/or assessor. 

4) The building operator and the assessor then start to inspect all of the AHUs, including: 

the perceived air quality next to the air intakes; if and how much the air intake dampers 

are open;  condition of the pre/post filter chambers and condition of the pre/post air filters 

and related equipment.     

5) Once the AHU inspections are complete, the assessor will walk back through all occupied 

areas to choose the appropriate number of non-random and random test locations.  The 

location and number of non-random Spot Testing Locations will depend on information 

from the occupants and the observations of the assessor.  The location and the number of 

Random Spot Testing Locations will depend on the number of non-random locations.  

6) Assessor will take quantitative and qualitative measurements in the non-random and 

random Spot Test Locations:  
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6a)  Quantitative parameters will be measured with IAQ equipment, including but not 

limited to the use of Direct-Reading Methods and sorbent tubes, specifically 

designed to record the IAQ parameters outlined in this methodology.  To further 

reduce bias, the assessor will constantly and consistently follow the manufacturer’s 

directions/instructions on the operation of the IAQ equipment.   In addition, the 

NIOSH General Considerations for Sampling Airborne contaminants (NIOSH, 

1998); OSHA (United States Department of Labour, 2015a) Sampling and Analytic 

Methods for Specific Chemicals and OSHA (United States Department of Labour, 

2015b) Analytical Methods Manual, Indoor Air Quality Investigation should also be 

referred to.  All IAQ testing equipment is to be regularly calibrated and properly 

maintained.  The quantitative measurements will include:  Comfort Parameters 

(Temperature, Relative Humidity, Carbon  Dioxide and Carbon Monoxide);  Dust 

(Ambient, Entrained Carpet and Entrained Chair and Work surface Dust);  Supply 

Airflow and Air Pressurization;  Total Volatile Organic Compounds;  Formaldehyde 

and  noting any associated  observations related to these parameters.   

6b) Qualitative observations will include interviewing the occupants to record their 

personal observations on their perception of the IAQ of their work area. The 

comments will be written down and reviewed with the occupants so that they are 

accurate and precise.    

Post-Assessment: 

1) On the day of the inspection, during and after the assessment, onsite verbal accounts will 

be given to the building operator, Alberta Infrastructure Facility Manager or Operations 

supervisor.   
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2) Limited overview of the IAQ results may be given to the occupants depending on explicit 

instructions from the building operator or Alberta Infrastructure Staff. 

3) Within a month of the BOMA IAQ Assessment, a written report will be issued to the 

building operator and Alberta Infrastructure Staff.  

 

 


