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a b s t r a c t

In this paper, objective environmental measurements and subjective questionnaire surveys are con-
ducted in 8 major Chinese airport terminals to investigate Indoor environment quality (IEQ) and explore
the relationship between individual IEQ factors and overall satisfaction. The objective measurements
show that the qualification rate of indoor thermal environment is above 70%, according to Chinese
thermal standard; the average CO2 concentration is controlled between 350 PPM and 700 PPM; the
average value of natural light illuminance ranges from 300 lx to 500 lx; and the noise intensity stays at a
high level, whose average value is between 55 dB(A) and 70 dB(A). The analysis of subjective surveys
finds the majority of passengers are just satisfied with IEQ in the airport terminals. It is also found that
the subjective satisfactory level is highly correlated with the objective environmental measurement.
Based on Kano's model, the impacts of individual IEQ factors on overall satisfaction are analyzed. The
results indicate ‘Thermal Comfort’ and ‘Space Layout’ are Basic Factors, which have prominently
negative influences on passengers' overall satisfaction when they are underperformed. Conversely,
‘Service Facility’ is Bonus Factor, which means a greater positive effect on overall satisfaction if it per-
forms well. In addition, ‘Acoustic Quality’, ‘Air Quality’ and ‘Lighting’ are Proportional Factors, whose
impact on overall satisfaction is in linear proportion to its performance.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Air transportation and airport terminal construction are devel-
oping fast all over the world [1e3]. In China, the amount of air
passengers rises from 268 million in 2010 to 392million in 2014 [4]
and airport construction is intensive and ongoing, with the plan of
224 civil airports completed and operated by 2020 [5]. With the
rapid growth of aviation, the Indoor Environmental Quality (IEQ) in
airport terminal becomes an inevitable issue and it is important for
the well-being of millions of air passengers.

1.1. IEQ investigation of airport terminals

A great quantity of researches focusing on the IEQ issue in
airport terminals have been conducted. These studies investigated
either the overall indoor environment or one certain aspect of IEQ,
such as thermal comfort, air quality, lighting and acoustic

environment. The common-used methods included environmental
parameters monitoring, subjective questionnaire survey and the
combination of both objective and subjective methods.

The comprehensive studies and analyses of overall indoor
environment in airport terminals are not very common. The
outstanding examples are researches done by Balaras et al. [6]
Wang et al. [7]. Balaras et al. [6] collected three Hellenic airports'
IEQ information through long-term objective measurements and
subjective surveys. Wang et al. [7] also applied the similar methods
to the investigation of IEQ in eight major Chinese airport terminals.
Both researches have performed detailed questionnaire analysis to
find people's response to overall satisfaction and specific IEQ fac-
tors, including thermal comfort, air quality, visual conditions and
acoustical comfort. Furthermore, data from long-term instrumental
measurements was used to assess the actual IEQ of airport terminal
buildings and compared with the result of subjective
questionnaires.

However, many researchers have investigated one certain
aspect of IEQ in airport terminals, including indoor thermal envi-
ronment [8e13], indoor air quality [14e16] and etc. Due to the
limited space, the studies on thermal environment are just shown
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below. Kotopouleas et al. [8e10] conducted thermal comfort
studies at three airport terminals in the UK through seasonal field
surveys. This work demonstrated and quantified the thermal
comfort and thermal preference of two groups of people at termi-
nals (passengers and staff). Ramis et al. [11] measured indoor
thermal environment of three international airports in Brazil and
compared thermal comfort between different ventilation system
types: Air-Conditioned and Naturally Ventilated. It was found that
indoor temperature was below the standards of thermal comfort in
the zones using artificial air conditioning, which caused thermal
discomfort. While, the level of thermal comfort was adequate in
naturally ventilated areas. Zhao et al. [12] and Liu et al. [13] eval-
uated the indoor thermal environment of certain airport terminal
in China and both of them focused on the performance of air con-
ditioning system and vertical temperature distributions.

Although the previous researches explored the real condition of
IEQ in airport terminals, few of them have shed light on the nature
of the relationship between individual IEQ factors and passengers'
overall satisfaction: Do various IEQ factors impact passengers'
overall satisfaction in the same way? How to prioritize and cate-
gorize diverse IEQ factors in terms of the influence on overall
satisfactory level?

1.2. Analysis methods and models

In order to explore how IEQ factors affect occupant satisfaction,
some common analysis methods and models have been applied in
previous studies. Many researches [17e23] conducted post-
occupancy evaluation (POE) field studies and illustrated the real
conditions of IEQ and occupant satisfaction in the investigated
buildings. Furthermore, they compared IEQ and occupant satisfac-
tion between different buildings through statistical analysis.
Although these studies generally demonstrated a tendency that
better IEQ can obtain better occupant satisfaction, they cannot tell
us the quantitative relationship between IEQ factors and satisfac-
tion. Some researchers [24e31] studied IEQ and occupant satis-
faction in a deeper way, they used regression analysis to illustrate
the quantitative correlation between IEQ and satisfaction. For
example, Wong and Mui et al. [27e31] proposed an empirical
expression between overall satisfaction of an office environment
and IEQ factors, including thermal comfort, air quality, aural envi-
ronment and illumination level, based on the multivariate-logistic
regression. However, the empirical expression cannot explain
why IEQ factors influence overall satisfaction in this way and the
survey samplewas not large enough to support the reliability of the
model.

Therefore, there was lack of a convictive model with a strong
explanatory power to study IEQ factors and occupant satisfaction.
Kim and de Dear [32,33] made the first attempt to explore this
challenging problem and introduced Kano's model [34] from the
discipline of marketing research to the field of building environ-
ment. In their researches, Kano's model was tested suitably to study

the relationship between individual IEQ factors and occupants'
overall satisfaction.

According to Kano's model, three types of IEQ factors were
defined and classified as below:

(1) Basic Factors: Excellent performance of them doesn't
necessarily bring about increment in overall satisfaction but
they generate overall dissatisfaction if not fulfilled.

(2) Bonus Factors: Inferior quality of these factors has little
negative influence on occupants' dissatisfaction. However,
they have a significantly positive effect on overall satisfaction
when they are well-performed.

(3) Proportional Factors: The changes of these factors have a
proportional effect on occupants' overall satisfaction level.

Through the analysis of occupant survey samples from CBE's
database [35], 15 IEQ factors have been labelled respectively as
Basic, Bonus or Proportional Factors. Kim and de Dear's researches
are pioneering and well-grounded. However, there are two main
limitations of the studies: (1) The analysis was just based on the
subjective survey data. There were no instrumental measurements
of objective environmental parameters to support the survey data,
so the reliability of results can be doubted; (2) The type of buildings
in the database was almost confined to office building. Given the
hypothesis that peoples' responses to IEQ factors may be different
in different buildings, it remains unknownwhether the findings are
appropriate for other building types, such as airport terminal
building discussed in this paper. Therefore, much room is left for
further study.

1.3. Objectives

This paper has twomain objectives: one is to is to investigate the
real IEQ conditions in Chinese airport terminals through objective
measurement and subjective survey; the other is to explore how
individual IEQ factors affect passengers' overall satisfaction in
airport terminals, based on Kano's model.

2. Objective measurement and subjective survey of IEQ

2.1. Overview

This study selects 8 airport terminals from different climate
zones in China to investigate IEQ. The information of these airport
terminals is shown as Table 1 and Fig. 1. Both objective environ-
mental measurement and subjective questionnaire survey of IEQ
are carried out and the study is from July, 2014 to December 2015,
covering summer, winter and transition seasons.

2.2. Objective environmental measurement

Objective environmental measurements are carried out in

Table 1
Information of airport terminals surveyed in this paper.

Airport terminal Climate zone Floor area (thousand m2) Passengers in 2014 (million)

T-A Severe Cold 67 12.2
T-B Cold 1000 50.0
T-C Hot Summer-Cold Winter 510 38.0
T-D Hot Summer-Cold Winter 150 17.3
T-E Hot Summer-Cold Winter 180 26.4
T-F Hot Summer-Warm Winter 451 36.3
T-G Hot Summer-Warm Winter 370 54.8
T-H Mild 548 32.2
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