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ABSTRACT 

Organizations are hierarchical in nature.  Specifically, in-
dividuals in the workplace are entrenched in work groups, 
which are entrenched in departments, which are entrenched in 
organizations, which are in turn entrenched in the larger en-
vironment.  Hence, hierarchical linear modeling (HLM) is a 
statistical technique available to researchers that is ideally 
suited for the study of such cross-level issues.  The purpose of 
this article is to provide market researchers with an overview 
and detailed description of HLM as well as a practical illus-
tration of its usage. 

The long-term aim of the Americans with Disabilities Act 
(ADA) is for publicly available services along a public street 
to be accessible to people with disabilities via a continuous, 
unobstructed pedestrian circulation network.  Many countries 
believe in the underlying concept of the ADA and have im-
plemented relevant laws.  This study assumes that government 
policies will affect the “barrier-free sidewalk” environment, 
where government policies are at the organization level and 
the accessibility of sidewalks is at the individual level.  As a 
result, a related law will not influence the in situ performance 
of sidewalks, and only the management of sidewalk plans and 
budgeting will have mediational effects.  This means that laws 
have a long-term effect and the sidewalk accessibility assess-
ment process will be modified.  Those interested in the study 
of teams and cross-level research questions should find HLM 
advantageous in their research because of its ability to simul-
taneously investigate relationships within a particular hierar-
chy level, as well as relationships between or across hierar-
chical levels. 

I. INTRODUCTION 

Sidewalks are part of the infrastructure of a country.  For 
pavements, many studies have functioned as a kind of evalua-
tion method for different purposes.  For example, the pave-
ment condition index is used to understand the condition of the 
pavement surface, and green road rating indicators are used to 
assess a road’s potential for achieving sustainable develop-
ment (Park et al., 2007; Lee et al., 2009; Juan et al., 2010; 
Muench et al., 2010).  Disability is generally defined as a sub-
stantial limitation in daily life activities and is commonly 
measured in terms of the difficulty of performing basic activi-
ties (e.g., eating, bathing, dressing, walking) or more complex 
instrumental activities (e.g., shopping, managing finances). 

The Americans with Disabilities Act of 1990 embodies 
civil rights legislation that extends to individuals with dis-
abilities (Accommodations, 2005).  Its implications are far- 
reaching: protection is provided in the areas of employment, 
public accommodation, state and local government services, 
transportation, and telecommunications.  The ADA consists of 
five titles.  Title II ensures that individuals with disabilities are 
included in public programs and services.  Following the ADA 
concept, the Access Board published the ADA Accessibility 
Guidelines (ADAAG).  The requirements outlined in these 
Guidelines are applicable to sidewalks, curb ramps, driveway 
crossings, street crossings, locations where two sidewalks  
meet, and so forth (O’Leary et al., 1996; Architectural, 1998; 
Kockelman et al., 2000, 2001). 

In Japan, the principal standard for a barrier-free environ-
ment was established in 1983 (Tokuda, 2001).  At the same 
time, the Ministry of Construction developed guidelines for 
laying paving block paths for the visually impaired.  In 2000,  
a new law was introduced, commonly referred to as the  
“barrier-free law”, to facilitate the unhindered movement of 
the aged and disabled on public transport. 

In Taiwan, there are over one million physically and men-
tally disabled people (4.65% of the total population).  The 
government modified the “Physically and Mentally Disabled 
Citizens Protection Act” to become the “People with Dis-
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abilities Rights Protection Act”, which aims to protect the 
legal rights and interests of people with disabilities and pro-
vide them with the equal opportunity to participate fairly in 
social, political, economic, and cultural activities while in-
creasing the independence and convenience of their lives (Chou 
and Schalock, 2009).  Under this Act, the government has the 
responsibility to establish a barrier-free environment, and as 
such, sidewalks, urban roads and buildings should be devel-
oped so as to implement a barrier-free environment to promote 
human rights.  A 2011 investigative report of the living con-
ditions and needs of people with disabilities noted that the 
most common way of moving is walking (36.24%), thus a 
sidewalk barrier-free environment is very important.  Tokuda 
(2001) investigated the specific barriers encountered and 
found that they include vehicles parked on sidewalks or tex-
tured paving blocks for the visually impaired, bicycles ridden 
on sidewalks, bicycles left on the sidewalk, uneven sidewalks, 
obstacles on sidewalks, undulating sidewalks, steep slopes, 
barging pedestrians, textured paving blocks that have been 
improperly laid, buttons on traffic lights for persons with 
disabilities that have been set up in inappropriate locations, etc.  
As such, the question of how to implement a barrier-free en-
vironment for sidewalks is of great importance. 

According to the protection law for physically and mentally 
disabled people, the Taiwanese government is required to pro-
vide urban roads and sidewalks so as to create a barrier-free 
environment.  There are 16 categories of officially registered 
disabilities with different physical and mental conditions fo-
cusing on different demands.  For example, people with visual 
impairments stress the importance of consistency in the design 
because accessible information embedded in the environment 
is most useful “when used at consistent locations so that the 
traveler can rely on their existence” and find them reliable 
(Bentzen, 2007); but wheelchair users need smooth longitu-
dinal slopes.  According to the ADAAG, the counter slope to a 
curb ramp should not exceed 5% (Architectural and Board, 
1998).  The present study analyzes the relationship between 
the classified disabilities and the creation of barrier-free side-
walks. 

The paper is divided into four main sections.  The first sec-
tion introduces hierarchical linear models and their application.  
The second section describes the data obtained from sidewalk 
evaluations.  The next section applies HLM to sidewalk data 
and discusses the influence of disability organizations.  Finally, 
the conclusion is presented. 

II. METHOD 

1. Hierarchical Linear Modeling 

Hierarchical linear modeling (HLM), also known as mul-
tilevel linear modeling, mixed effects modeling, and random- 
effects modeling, is a compelling portrait of experimental data 
analysis methods.  HLM is a multilevel modeling framework 
for analyzing data that can be collected and ordered hierar-
chically (Raudenbush, 2004).  For data to be used with HLM  

it must be nested.  Such nested data must include at least two 
nested levels, where entities at a lower level (Level 1) are 
nested within (i.e., make up) entities at a higher level (Level 2).  
Real-life examples could include employees nested within 
workgroups, children nested within schools, or people nested 
within societies.  In all of these cases, entities at Level 1 (em-
ployees, children, and people) make up or are nested within 
entities at Level 2 (workgroups, schools, and societies) 
(Raudenbush et al., 1995; Juan et al., 2010).  Applying tradi-
tional statistical analysis to data with a nested structure has 
several problems, such as aggregation bias, error in the esti-
mated accuracy, and the unit problem (Hofmann, 1997; Lee, 
2000). 

HLM, however, offers several important advantages over 
the traditional univariate and multivariate repeated measures 
analyses.  Specifically, it allows for the handling of missing 
data, non-fixed time intervals (Raudenbush and Bryk, 2002) 
and unequal error variance of within-subject consecutive 
measures.  Recently, HLM has been used repeatedly to model 
the randomized trials of interventions (Mittelman et al., 2004; 
O’Connel et al., 2004).  Because HLM does not assume equal 
error variances across serial observations and considers the 
influence of random effects such as subject-specific time in-
tervals between measurements, it potentially allows for more 
accurate regression modeling of the experimental longitudinal 
data.  Furthermore, HLM can simultaneously evaluate multi-
ple evolving response variables (e.g., changes in the volume 
and cognition), allowing for the investigation of potential 
correlations between change trajectories (Laird and Ware, 
1982; Shah et al., 1997; Thiébaut et al., 2002). 

Multilevel models provide a powerful means to model data 
simultaneously at the levels of the moment and the individual, 
to estimate variation at each of these levels and to see how 
known variables predict the variation at these different levels 
(Snijders and Bosker, 1993; Singer and Willett, 2003; Gold-
stein, 2004; Hox, 2010).  They also offer an improvement over 
repeated-measures ANOVA models that have been used in the 
past to model repeated cortisol measures because they do not 
require that the data be completely balanced (i.e., that each 
individual has the same number of observations), that the 
observations be regularly spaced in time or that all the ob-
servations be present (Goldstein, 2004). 

HLM has been widely used in the literature (Miller and 
Murdock, 2007).  Kirschbaum and others have used latent 
state-trait models to assess the trait levels of cortisol (Axelson 
et al., 1999; Handy and Clifton, 2000).  Jones and Jørgensen 
used multilevel models to analyze the predictors of outcome 
for over 16,000 fatally and seriously injured casualties in-
volved in accidents between 1985 and 1996 in Norway (Jones 
and Jørgensen, 2003).  The analysis presented found a statis-
tically significant residual variation in casualty outcomes 
between separate accidents and different geographical loca-
tions.  The benefits of using multilevel models to analyze 
accident data have been discussed, along with the limitations 
of traditional regression modeling approaches.  Ker and Lee 
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proposed and demonstrated use of the original AASHO road 
test flexible pavement data with linear mixed-effects (LME) 
models (Ker and Lee, 2011).  The prediction line of the 
within-group predictions (subject) followed the observed 
values more closely than that of the population predictions 
(fixed), indicating that the proposed LME model provides a 
better explanation of the data. 

2. HLM Model 

HLM can be understood by thinking of the analysis as be-
ing conducted in two steps.  In the first step, analyses are 
conducted separately for every expert group (or some other 
unit) in the system using individual-level data.  For example, 
sidewalk evaluation scores (the outcome measure of interest) 
could be regressed on a set of individual-level predictor vari-
ables, such as accessibility, safety and convenience.  In this 
case, the regression model for each expert group l would be 
expressed as follows: 

0 1 2( _ ) ( ) ( )ij ij ijroad socre Accessiblity Safety      

3 ( )ij ijConvenience    (1) 

where (road_score)ij, (Accessiblity)ij, (Safety)ij and (Conven-
ience)ij are the scores on these variables for the ith road in the jth 
group.  The analysis yields j separate sets of the regression 
parameters 0, 1, 2, and 3, one set for each expert group.  
The model can be constructed such that 0 indicates the level 
of performance for each group after adjustment for accessi-
bility, safety, and convenience, and 1, 2, and 3 indicate the 
extent of inequalities between students with differing acces-
sibility, safety, and convenience. 

In the second step, the regression parameters from the first 
step of the analyses (i.e., levels of performance and extent of 
inequalities) become the outcome variables of interest.  These 
are regressed on the group-level data describing the feeling 
from the barriers-free policy.  For example, one could specify a 
regression of the adjusted levels of performance on the average 
score of a related law and a measure of managing sidewalks: 

 0 00 01 02( ) ( )j group groupAccessible Safety       

03 01( )groupConvenience U   (2) 

The analyses at this level yield estimates of the magnitude 
of the impact of the policy variable.  In this example, the es-
timate of the parameter 01 indicates the expected gain (or loss) 
in accessible scores for an average reduction in the groups of 
one site.  The estimate for 02 indicates the average effect on 
the safety of the groups.  The estimate for 03 indicates the 
average effect on the convenience of the groups.  The statis-
tical and computing techniques on which HLM is based in-
corporate into a single model the regression analyses speci-
fied in both steps.  The model estimates the parameters of  
this model using iterative procedures (Raudenbush and Bryk, 

1986; Goldstein, 2011). 
Thus, the basic idea underlying HLM is that there are 

separate analyses for each unit in a hierarchical structure.  The 
simple two-level model described here can be applied to ad-
dress a range of questions that policy makers might pose.  
There are more complex hierarchical linear models; indeed, 
the statistical analyses specified at each level are not limited to 
linear regressions, and the models can include three- or even 
four-level models (Guo and Hussey, 1999). 

A key statistic when considering the relative proportion of 
within- and between-individual variation is the expected cor-
relation among measurements from the same individual.  This 
statistic is often referred to as the intra-class (or intra-unit, in-
tra-individual) correlation coefficient (ICC).  Because the ICC 
assesses the degree of correlation within individuals, it can 
inversely indicate the degree of difference between individuals.  
For any sample, the ICC is easily calculated with estimates from 
the multilevel models of both the between-individual variance 
and the within-individual variance.  Specifically: 

 
2

2 2
ICC


 




 (3) 

where  2 is a commonly used symbol for the between- 
individual variance and  2 for the within-individual variance 
(Singer, 1998; Snijder and Bosker, 2011).  If the ICC is 0.30 
for the site performance measurements taken of a set of indi-
viduals groups, we would expect the correlation between any 
pair of measurements of the same individual to be approxi-
mately 0.30. 

This ICC statistic has several other useful interpretations.  
For example, it indicates the proportion of the total variance 
( 2 +  2) attributable to between individual differences ( 2).   
A final interpretation of the ICC is as the reliability statistic in 
classical measurement theory (Snijders and Bosker, 2011). 

The ICC ranges from 0 to 1.0 and describes the proportion 
of the total variance that depends upon group membership.  
This is different from commonly reported estimates of inter- 
and intra-assay reliability typically using coefficients of varia-
tion (CV), which measure the reliability of momentary cortisol 
measurements.  Rather, the ICC indicates the degree to which 
momentary cortisol measurements are stable within individu-
als at different times.  Thus, it generally indicates lower reli-
ability than that described by intra- and inter-assay reliability 
statistics.  In addition because the coefficients of variation 
measure random variation, high CVs indicate low reliability 
whereas high ICCs, which measure ‘true’ variation, indicate 
high reliability. 

III. DATA DESCRIPTION  

1. Components of the Sidewalk Evaluation 

According to the law, the Ministry of the Interior is required 
to promote a barrier-free environment.  It presides over urban 
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roads and monitors the performance of local governments in 
their implementation of policies.  To provide a safe and com-
fortable barrier-free sidewalk, it established a “sidewalk ac-
cessibility assessment process for urban roads” to evaluate 
local government performance in the provision of barrier-free 
sidewalks in 2008.  The assessment process is divided into  
two parts: (1) policy support and (2) site performance, which 
are described in detail below: 

A. Policy Support 
To understand how well the local government carries out its 

responsibilities with regard to the law and construction, their 
respective implementation percentages need to be considered.  
Based on the physically and mentally disabled Rights Protec-
tion Law, the central government needs to develop manage-
ment laws and rules for a barrier-free environment, and the 
local government needs to establish related laws (e.g., dis-
ability facilities, motorcycle parking on sidewalks, overall 
improvement and construction plans).  It should also be noted 
that because sidewalks are ancillary facilities next to buildings 
or roads, surveying the sidewalk’s location and quantity is 
very important. 

B. In situ performance  
Axelson et al. developed an assessment process to evaluate 

sidewalk accessibility (Axelson et al., 1999).  It was a means 
of collecting objective information about the sidewalk features 
such as the grade and cross slope that impact pedestrian access.  
The data found that the ADA had taken forward strides in 
improvements in access across all aspects for people with 
disabilities.  The Texas Department of Transportation also 
developed a formulation for measuring the accessibility of a 
sidewalk.  The impedance factor was divided into four attrib-
utes that a traveler may take into consideration when evalu-
ating travel choices.  The first attribute describes safety-related 
qualities affecting impedance.  Personal safety is most closely 
related to walk and transit modes.  The second attribute is 
convenience that related directly to the conceptual definition 
of accessibility.  It is a measure of ease to pursue an activity.  
Comfort and aesthetics are two areas that may enhance from 
the characteristics of the other categorics.  The World Bank 
attempted to devise a type of reliability index to rank cities 
across the world based on the safety, security, and convenience 
of their pedestrian environments.  It defined safety and secu-
rity by the number of pedestrians that fell victim to crime 
along the walking path.  Convenience was defined by the 
number of paths that were blocked with temporary or perma-
nent obstructions. 

In accordance with lectures (Axelson et al., 1999; Kocklman 
et al., 2001), sidewalk in situ performance in Taiwan is made 
up of three components.  The first of the components is ac-
cessibility, which refers to the availability of disability fa-
cilities or non-blocked sidewalks.  The second component is 
safety, which refers to pedestrian protection and the main-
tenance of sidewalks.  The third component is convenience, 
which refers to tree shadows and the cleanliness of walking 
paths. 

Individual perception
(Accessibility, Safety, Convenience)

Organization Cognitive
(Accessibility, Safety, Convenience)

Situ Performance

H3 H2

H1

Group Level/Level 2

Individual Level/Level 1

 
Fig. 1.  Conceptual framework. 

 

2. Differences in Social Welfare Groups 

Clarke et al. have used data from the Chicago Community 
Adult Health Study (2001-2003) to confirm the effect of the 
built environment characteristics on mobility disabilities 
(Clarke et al., 2011).  The authors found using multinomial 
logistic regression that adults with only a mild physical im-
pairment, or none at all, were not affected by the outdoor 
environment.  Hwang collected 600 samples, which included 
the visually impaired, orientation Training Groups, an archi-
tectural design group and competent authorities, and found 
that different groups demanded different barrier-free envi-
ronments.  These different demands should be considered 
when attempting to create a barrier-free environment (Hwang, 
2010). 

IV. RESULTS 

The two-level hierarchical linear model as described pre-
viously was estimated using HLM 6.08 software.  Level 1 was 
a measurement model of the variation within each sidewalk 
responding to items and captured item inconsistency, which is 
the variation around the individual’s “true score” or true per-
ception of the sidewalk; Level 2 of the model captured the 
variation among the respondents within the group around the 
group’s ‘true score’ or, in other words, individual variations in 
perceptions of the group (see Fig. 1). 

Three group constructs were included in the model: acces-
sibility (four items), safety (four items), and convenience (two 
items).  Additionally, organizational cognitive (two items: 
disability and expert) was established on Level 2 to discuss 
organizational cognitive influence.  Consequently, the Level 1 
file contained 1521 observations (227 sidewalks), and Level 2 
had 12 cases (organizational cognitive).  Dummy coding was 
used to label each item to show which construct it belonged to.  
The analysis was multivariate, and all environment constructs 
were the outcome variables.  All scale measures were on a 100 
point rating scale anchored from “poor” to “excellent”.  They 
were treated as intervals, which is common in the literature.  
Assuming reasonably normal distributions, the HLM analyses 
should not be affected (Raudenbush and Bryk, 2002).  Spe-
cifically, they assessed the following hypotheses: 

 
Hypothesis 1: Individual effort is positively related to 

sidewalk performance. 



312 Journal of Marine Science and Technology, Vol. 23, No. 3 (2015 ) 

 

Hypothesis 2: Cognitive of the disability organization is 
positively related to sidewalk performance above and beyond 
individual effort. 

Hypothesis 3: Cognitive of the disability organization 
moderates the effort and sidewalk performance relationship. 

1. Testing Random Effects 

Certain prerequisites must be satisfied to conduct cross- 
level analyses.  First, there must be systematic within- and 
between-group variances in the dependent variable.  This 
condition is necessary because the dependent variable (side-
walk performance) is hypothesized to be significantly related 
to both an individual level variable (individual effort) and 
group level variable (team cohesiveness).  This is assessed in 
HLM using a one-way analysis of variance. 

Unless there is significant between-group variance in the 
dependent variable, team cohesiveness would not explain a 
significant amount of such variance.  A null model with no 
independent variables at Level 1 or Level 2 estimates the 
following equations: 

0Level -1: ( _ )ij j ijroad score r   (4) 

0 00 0Level - 2 : j j     (5) 

where  
road_score = performance of the sidewalk 
0j = mean performance of the sidewalk for group j  
00 = grand mean performance of the sidewalk  
rij =  2 = within-group variance in the performance of the 

sidewalk  
0j = 00 = between-group variance in the performance of 

the sidewalk 
 
The Level 1 equation does not include an independent 

variable; therefore, the regression equation includes only an 
intercept estimate.  The Level 2 model regresses each group’s 
mean dependent variable onto a constant.  In other words,  0j 
is regressed onto a unit vector, which results in a 00 parameter 
equal to the grand mean of the dependent variable (i.e., the 
mean of the group means,  0j). 

The one-way ANOVA provides information regarding the 
amount of variance in the dependent variable that is within and 
between groups.  Since there is no significance test for within 
group variance, the HLM program produces a chi-square 
statistic to test the significance of the between-group variance.  
A significant chi-square for the dependent variable shows that 
the between-group variance is significantly different from zero, 
indicating that the intercept term varies across groups. 

In addition, using the information estimated in the null 
model, an intra-class correlation coefficient (ICC) that repre-
sents the percent of the total variance in the dependent variable 
that is between groups can be computed (Raudenbush and 
Bryk, 1986).  The ICC indicates the amount of variance that 

could potentially be explained by the Level 2 predictor, team 

cohesiveness.  The following equation is used: 
2

2 2
ICC


 




, 

resulting in ICC = 0.23. 

2. Random Coefficient Regression Model 

Next, researchers can assess whether there is a significant 
between-group variance in the intercepts and slopes using a 
random-coefficient regression model.  To find support for Hy-
pothesis 2, there must be significant variance in the intercepts 
across groups, and for Hypothesis 3 to be supported, there 
must be significant variance in the slopes across groups.  This 
model tests the significance of Hypothesis 1.  The random- 
coefficient regression model estimates the following equa-
tions: 

0 1Level -1: ( _ ) ( )ij j j ijroad score Accessibility    

2 3( ) ( )j ij j ij ijSafety Convenience r     (6) 

0 00 0Level - 2 : j j      (7) 

1 10 1j j      (8) 

2 20 2j j      (9) 

3 30 3j j      (10) 

where 
road_socre = performance of the sidewalk 
Accessibility = accessibility of the sidewalk 
Safety = safety of the sidewalk 
Convenience = convenience of the sidewalk 
0j = mean performance of the sidewalk for group j  
1j = grand mean accessibility effort for group j 
2j = grand mean safety effort for group j 
3j = grand mean convenience effort for group j  
00 = mean of the intercepts across groups 
10 = mean of the slopes across groups  
20 = mean of the slopes across groups  
30 = mean of the slopes across groups 
rij =  2 = Level 1 residual variance  
0j = 00 = variance in the intercepts  
1j = 11 = variance in the slopes  
2j = 22 = variance in the slopes  
3j = 33 = variance in the slopes  
 
The Level 2 regression equation is equal to an intercept 

term and a residual because there are no Level 2 predictors of 
 0j,  1j,  2j, or  3j.  The 00 to 30 parameters denote the Level 1 
coefficients averaged across groups (i.e., they are the pooled 
 0j and  1j parameters).  Because  1j to  3j are regressed onto 
constants, the variance of the Level 2 residual terms (i.e., 0j  
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to 3j) represents the between-group variance in the Level-1 
parameters. 

A t-test was used to test the significance of 10 to 10.This 
provides evidence of whether the pooled Level-1 slopes be-
tween the independent variable and the dependent variable 
differ from zero. 

Thus, this test assesses whether, on average, the relation-
ship between the independent variable (individual effort) and 
the dependent variable (sidewalk performance) is significant 
or whether Hypothesis 1 is supported.  Hypothesis 1 was sup-
ported by the data (t = 3.687, p  0.01). 

To test the cross level hypotheses, the HLM procedure 
states that there must be significant variance across groups  
in the Level-1 intercepts ( 0j).  The intercept terms represent 
the between-group variance in the dependent variable after 
controlling for the independent variable.  Chi-square tests for 
the estimates of the intercept (00) and slopes (11, 22, 33) are 
performed to confirm that the variance in the intercepts and 
slopes for the dependent variable across groups is significant.  
If there is not significant between group variance, then a group 
effect would not exist.  The simulated data indicated that there 
was significant between group variance (2 = 75.34, p < .001). 

With information provided from the null and random- 
coefficients regression models, researchers can calculate R2 
for the relationship between individual effort and the per-
formance of a sidewalk.  This R2 is the percentage of the in-
dividual variance in sidewalk performance that is explained by 
individual effort.  R2 is calculated using the following equa-
tion: 
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3. Intercepts-as-Outcomes Model 

After establishing that there is significant variance across 
groups in the Level-1 intercepts, then the cross level hy-
pothesis (Hypothesis 2) can be directly tested.  It was tested 
using the following equations: 

0 1Level -1: ( _ ) ( )ij j j ijroad score Accessibility    

2 3( ) ( )j ij j ij ijSafety Convenience r     (11) 

0 00 01Level - 2 : ( )j groupAccessibility     

02 03 0( ) ( )group group jSafety Convenience      

  (12) 

1 10 1j j      (13) 

2 20 2j j      (14) 

3 30 3j j      (15) 

where 
(Accessibility)group = accessibility of the sidewalk by groups 
(Safety)group = safety of the sidewalk by groups 
(Convenience)group = convenience of the sidewalk by groups 
01 = Level 2 slope of the accessibility  
02 = Level 2 slope of the safety 
03 = Level 2 slope of the convenience  
 
A t-test was performed to test the significance of 0j.  The 

results show whether the group level variable (team cohe-
siveness) has a significant effect on the dependent variable 
(sidewalk performance).  The results from the data support 
Hypothesis 2 (t = 2.423, p < 0 .01). 

Using information from the HLM intercepts-as-outcomes 
analyses, an overall R2 for the respective Level 2 equations  
can be computed.  Given the R2 value, one can determine what 
the independent variables’ variance is between groups and, 
subsequently, how much of the total variance can be attributed 
to team cohesiveness.  The R2 equation is: 
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The intercepts-as-outcomes model also produces a chi- 
square test that indicates whether, after including team cohe-
siveness, there still remains significant variance in the inter-
cept term across groups that could be explained by additional 
group level variables.  A significant condition must exist to 
test for a moderator.  The data indicated that a moderator could 
be tested for (t = 70.68, p < .01). 

4. Slopes-as-Outcomes Model 

Finally, after establishing that significant group variance in 
the slopes was present in the random coefficient regression 
model, the researcher can then examine whether the variance 
in the slope across groups is significantly related to the group 
level independent variable (team cohesiveness).  This is a direct 
test for the cross-level moderator (Hypothesis 3).  The slopes- 
as-outcomes model is employed for this step as follows: 

0 1Level -1: ( _ ) ( )ij j j ijroad score Accessibility    

2 3( ) ( )j ij j ij ijSafety Convenience r     (16) 

0 00 01Level - 2 : ( )j groupAccessibility     

02 03 0( ) ( )group group jSafety Convenience      

  (17) 

1 10 11 12( ) ( )j group groupAccessibility Safety       

13 1( )group jConvenience    (18) 
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2 20 21 22( ) ( )j group groupAccessibility Safety       

23 2( )group jConvenience    (19) 

3 30 31 32( ) ( )j group groupAccessibility Safety       

33 3( )group jConvenience    (20) 

where 
11 = Level 2 slope of the accessibility  
12 = Level 2 slope of the safety  
13 = Level 2 slope of the convenience 
21 = Level 2 slope of the accessibility  
22 = Level 2 slope of the safety  
23 = Level 2 slope of the convenience  
31 = Level 2 slope of the accessibility  
32 = Level 2 slope of the safety  
33 = Level 2 slope of the convenience 
 
The t-test associated with 11 tests Hypothesis 3.  Hy-

pothesis 3 is supported by the simulated data (t = 2.118, p < 
0.01).  The information provided in the HLM output for the 
intercepts-as-outcomes and slopes-as-outcomes models can be 
used to calculate R2 for the moderator and team cohesiveness.  
The R2 value indicates the percentage of variance in the rela-
tionship between the individual effort and sidewalk perform-
ance that is accounted for by team cohesiveness.  The R2 
equation is: 

11 ( - - ) 00 ( - - )2

00 ( - - )

intercepts as outcome slope as outcome

intercepts as outcome

R
 



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
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V. CONCLUSION 

Multilevel approaches provide the flexibility to model varia-
tion in the sidewalk performance at multiple levels under a 
variety of study designs.  By partitioning the variation, mul-
tilevel models can examine the degree to which fixed effects, 
such as accessibility, safety, and convenience, explain vari-
ance in each of these different levels, which is a significant 
improvement over crude assessments of the total explained 
variance.  In preserving information about the precision of 
person-level estimates, they also permit the detection of as-
sociations that might be missed by simply analyzing crude 
aggregates.  In null model, the Cognitive of the disability 
organization has significant effect in sidewalk performance 
because ICC is greater than 0.138.  Accessibility, safety and 
convenience has directly effect to situ-performance in random 
coefficient regression model.  The influence of slope of ac-
cessibility, safety and convenience is non-significant. 

REFERENCES 

Accommodations, R. (2005). Americans with Disabilities Act (ADA). Royal 
College of Art. 

Architectural and Transportation Barriers Compliance Board (1998). Ameri-
cans with Disabilities Act: Accessibility guidelines for buildings and fa-
cilities (ADAAG). US Access Board. 

Axelson, P. W., K. M. Wong and J. B. Kirschbaum (1999). Development of an 
assessment process to evaluate sidewalk accessibility. Transportation 
Research Record: Journal of the Transportation Research Board 1671(1), 
5-10. 

Bentzen, B. L. (2007). Making the environment accessible to pedestrians who 
are visually impaired: policy research. Blindness and Brain Plasticity in 
Navigation and Object Perception, 313-333. 

Chou, Y. C. and R. Schalock (2009). Survey outcomes and cross national 
comparisons of quality of life with respect to people with intellectual 
disabilities in Taiwan. Journal of Policy and Practice in Intellectual Dis-
abilities 6(1), 7-10. 

Clarke, P. J., J. A. Ailshire, E. R. Nieuwenhuijsen and M. W. de Kleijn-de 
Vrankrijker (2011). Participation among adults with disability: The role 
of the urban environment. Social Science & Medicine 72(10), 1674-1684. 

Goldstein, H. (2004). International comparisons of student attainment: some 
issues arising from the PISA study. Assessment in Education: principles, 
policy and practice 11(3), 319-330. 

Goldstein, H. (2011). Multilevel statistical models. Wiley. Chichester, U. K. 
Guo, S. and D. Hussey (1999). Analyzing longitudinal rating data: A three- 

level hierarchical linear model. Social Work Research 23(4), 258-269. 
Handy, S. L. and K. Clifton (2000). Evaluating neighborhood accessibility: 

issues and methods using geographic information systems. Southwest 
Region University Transportation Center. Texas. 

Hofmann, D. A. (1997). An overview of the logic and rationale of hierarchical 
linear models. Journal of management 23(6), 723-744. 

Hox, J. (2010). Multilevel Analysis: Techniques and applications, Routledge. 
New York. 

Hwang, Y. R. (2010). The construction of accessible environment for the 
visually impaired in the building. Journal of Architecture 74, 127-154. (in 
Chinese) 

Jones, A. P. and S. H. Jørgensen (2003). The use of multilevel models for the 
prediction of road accident outcomes. Accident Analysis and Prevention 
35(1), 59-69. 

Juan, Y. K., P. Gao and J. Wang (2010). A hybrid decision support system for 
sustainable office building renovation and energy performance improve-
ment. Energy and Buildings 42(3), 290-297. 

Ker, H. W. and Y. H. Lee (2011). Preliminary analysis of flexible pavement 
performance data using linear mixed effects models Electrical Engi-
neering and Applied Computing. Springer, 351-363. 

Kockelman, K., Y. Zhao and C. Blanchard-Zimmerman (2001). Meeting the 
intent of ADA in sidewalk cross-slope design. Journal of Rehabilitation 
Research and Development 38(1), 101-110. 

Kockelman, K., Y. Zhao, L. Heard, D. Taylor and B. Taylor (2000). The nature 
of ADA’s sidewalk cross-slopes requirements: a review of the literature. 
Transportation Research Record 1705, 53-60. 

Laird, N. M. and J. H. Ware (1982). Random-effects models for longitudinal 
data. Biometrics 38, 963-974. 

Lee, J. S., Y. C. Suh, S. A. Kwon, G. Y. Kim and K. S. Lim (2009). Development 
of pavement condition index for Korean asphalt national highway and 
decision criteria for resurfacing. International Journal of Pavement Re-
search and Technology 2(3), 106-114. 

Lee, V. E. (2000). Using hierarchical linear modeling to study social contexts: 
The case of school effects. Educational Psychologist 35(2), 125-141. 

Miller, A. D. and T. B. Murdock (2007). Modeling latent true scores to de-
termine the utility of aggregate student perceptions as classroom indica-
tors in HLM: The case of classroom goal structures. Contemporary 
Educational Psychology 32(1), 83-104. 

Mittelman, M. S., D. L. Roth, D. W. Coon and W. E. Haley (2004). Sustained 
benefit of supportive intervention for depressive symptoms in caregivers 



 C. T. Hung: The Application of HLM for Sidewalk Evaluation 315 

 

of patients with Alzheimer’s disease. American Journal of Psychiatry 
161(5), 850-856. 

Muench, S. T., J. Anderson and T. Bevan (2010). Greenroads: A sustainability 
rating system for roadways. International Journal of Pavement Research 
and Technology 3(5), 270-279. 

O’Connell, A. A. and D. B. McCoach (2004). Applications of hierarchical 
linear models for evaluations of health interventions: demystifying the 
methods and interpretations of multilevel models. Evaluation and the 
Health Professions 27(2), 119-151. 

O’Leary, A. A., P. B. Lockwood and R. V. Taylor (1996). Evaluation of de-
tectable warning surfaces for sidewalk curb ramps. Transportation Re-
search Record: Journal of the Transportation Research Board 1538(1), 
47-53. 

Park, K., N. E. Thomas and K. Wayne Lee (2007). Applicability of the inter-
national roughness index as a predictor of asphalt pavement condition 1. 
Journal of Transportation Engineering 133(12), 706-709. 

Raudenbush, S. W. (2004). HLM 6: Hierarchical linear and nonlinear mod-
eling. Scientific Software International. Inc. Linconwood, IL. 

Raudenbush, S. W. and A. S. Bryk (1986). A hierarchical model for studying 
school effects. Sociology of education 59, 1-17. 

Raudenbush, S. W. and A. S. Bryk (2002). Hierarchical linear models: appli-
cations and data analysis methods (2nd Ed.). Sage Publications. Thou-
sand Oaks, CA. 

Raudenbush, S. W., R. T. Brennan and R. C. Barnett (1995). A multivariate 
hierarchical model for studying psychological change within married 
couples. Journal of Family Psychology 9(2), 161-174.  

Shah, A., N. Laird and D. Schoenfeld (1997). A random-effects model for 
multiple characteristics with possibly missing data. Journal of the 
American Statistical Association 92(438), 775-779. 

Singer, J. D. (1998). Using SAS PROC MIXED to fit multilevel models, 
hierarchical models, and individual growth models. Journal of educa-
tional and behavioral statistics 23(4), 323-355. 

Singer, J. D. and J. B. Willett (2003). Applied longitudinal data analysis: 
Modeling change and event occurrence. Oxford university press. New 
York. 

Snijders, T. A. and R. J. Bosker (1993). Standard errors and sample sizes for 
two-level research. Journal of Educational and Behavioral Statistics 18(3), 
237-259. 

Snijders, T. A. and R. J. Bosker (2011). Multilevel analysis: An introduction  
to basic and advanced multilevel modeling: Sage Publications. Thousand 
Oaks, CA. 

Thiébaut, R., H. Jacqmin-Gadda, G. Chêne, C. Leport and D. Commenges 
(2002). Bivariate linear mixed models using SAS proc MIXED. Com-
puter Methods and Programs in Biomedicine 69(3), 249-256. 

Tokuda, K. (2001). Road transport barriers encountered by people with travel 
difficulties in Japan. IATSS research 25(1), 12-22. 

 


	THE APPLICATION OF HIERARCHICAL LINEAR MODELING FOR BARRIER-FREE SIDEWALK EVALUATION WITH THE BASIS OF DISABILITY ORGANIZATION COGNITIVE
	Recommended Citation

	untitled

