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Abstract
This paper describes an indicator to evaluate students´ accessibility from rural to urban areas, identifying the most relevant attributes that interfere in the accessibility: children walking distances, travel time in the vehicle and characteristics of the roads.  For the formulation of the indicator, a multi-criteria evaluation method was used.  A panel of 120 professionals, from the education and transportation areas, evaluated the importance of the accessibility attributes and the highest acceptable walking distance and travel time in the vehicles.  An example of the use of the indicator in the city of São Carlos, SP, Brazil is provided.  The analyses show that boarding places farther from rural schools do not have, as a rule, lower levels of accessibility.

1. Introduction
The dynamic process of urban sprawl has caused many problems related to the socio-spatial configuration of the cities, which resulted in what is called “spatial segregation”.  Segregation is the process according to which different classes or social segments tend to concentrate more and more in different regions or areas in the city.  However, this segregation happens not only in urban areas but also in the rural environment.
The rural area in Brazil may be characterized as a segregated space due to its isolation and the irregular or inexistent supply of public transportation.  Many inhabitants of rural areas in Brazil lack adequate and affordable access to transport infrastructure and services.  In addition, the low economic standard of the population and the poor condition of the infrastructure and collective equipments provided by the government in these areas are factors that aggravate the social and spatial segregation of the rural population, specially the school-age children.
Considering the dispersion of rural properties, it is not easy to attain a situation where all students have the same level of accessibility to the schools.  Nevertheless, the analysis of the accessibility level is a question that has to be faced by planners of rural school transportation systems in order that all children have the same educational opportunities and equity of school access.  The accessibility indicator described in this paper may be used to assess the merit of different route systems and transportation networks in attaining these goals.
2. Rural school transportation in Brazil
Brazil is one the largest countries in the world, with an area of 8500 km2 and a population of around 170 million.  In 2000, 20% of the population (32 million) lived in rural areas.
In what concerns rural transport in Brazil, “education” appears as the main motive of travel (46% of all trips), followed by “work”, with 38% of the trips (GEIPOT, 1995).  The reason for this high percentage of trips to school is that since the beginning of the 1990s, the rural schools, which existed in the country, are being gradually deactivated.  Nowadays, only a handful of counties still have this kind of schools and the children are forced to travel daily to the schools in the closest urban area.
The Brazilian law demands that all rural children have to be transported to the nearest city or town to attend school.  Rural school transportation is supplied by the government and is free of charge for the children.  The last school census (for the year 2005) showed that 4.7 million children use the rural school transportation program (INEP, 2006).  Buses and vans are the vehicles most frequently employed, but also boats, trucks and animal drawn carts are used in some regions.
The planning of transport supply has to consider several constraints: (a) pick-up and delivery time, considering the comfort and safety of small children, (b) total travel time in the vehicle, (c) walking distance, considering the age of the children, type of terrain and environmental conditions (potential dangers), (d) vehicle capacity, (e) safety, especially driver training, vehicle speed and road conditions, (f) school hours and escorted attendance while waiting in school (Vasconcellos, 1997).
The itineraries of the vehicles are fixed annually according to the children’s place of residence and trying to limit the walking distance from the residence to the bus stop to 3km (Vasconcellos, 1997).  The tradition of school planning in Brazil also recommends that the maximum duration of the trip to the school be 45 minutes (Arantes, 1986).  However, these values are not always respected and the students often face longer travel times by badly kept roads and vehicles (Sanches e Ferreira, 2003).  In Brazil, like in many other developing countries, rural transport infrastructure (the local roads, tracks, footpaths, and bridges used to access farms) is often in poor condition for some or all of the year.

In this context, the main objective of the research described in the paper was to establish an indicator to evaluate students´ accessibility from rural to urban areas, to be used in the process of school transportation planning.  The specific objectives were: (a) to identify the main factors that interfere in the accessibility to schools, (b) to define the maximum admissible distance to be covered on foot from the residence to the bus stop and the maximum admissible travel time for elementary school children who live in the rural area and attend urban schools, and (3) to propose an accessibility indicator that incorporates the main attributes that interfere in the accessibility to schools.
3. Methodology
Accessibility indicators have been applied for many years in transportation studies to model the location of activities, to estimate modal choice and to evaluate the level of service of systems (Sanches, 1996, Sanches e Ferreira, 2003; Odoki et al., 2001; Bhat et al., 2001; Nutley, 2003).  Each indicator has a different form and considers different attributes related to travel time, cost, distance, quality of service, etc.
Thus, the method chosen for the definition of the indicator was the Multi-criteria evaluation.  This method of analysis permits the evaluation and combination of several criteria (attributes), and is adequate for analyzing the accessibility to some region or area, besides being easily integrated to a GIS environment.  The steps of the method are described synthetically in the following paragraphs.

a) Definition of attributes (comprises the identification of the attributes that are required for the evaluation of accessibility).

The choice of attributes was based on a bibliographic review, considering specifically the conditions of movement of students to schools.  Three attributes were chosen and applied in the subsequent steps of the method: travel time in the vehicle, walking distance and the characteristics of the roads – pavement condition (Lebo and Schellin, 2001).
b) Determination of the attributes importance (consists in assigning a weight to each attribute in order to quantify the relative importance of each one in the global accessibility index).

The weights were obtained by means of a survey among professionals.
c) Normalization of the attributes values (conversion of the values to compatible unities, that is, to a 0-1 interval).
This step employed fuzzy functions that can represent mathematically vague and imprecise relationships (Al-Najjar e Alsyouf, 2003).  A pertinence function was defined for each of the attributes in order to represent the results of the data collection.
d) Combination of the attributes (consists in the aggregation of the attributes in a single value, in order to obtain the accessibility index).
A Weighted Linear Combination was used, as shown in Equation (1).
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Where:

Aj = accessibility level of students who live in property j
pi = weight of attribute i (obtained by a survey with professionals)

xij = normalized values of attribute i for the students who live in property j
n = number of attributes
3.1 Determination of the attributes weights
After the three attributes for the characterization of level of accessibility were defined, a survey was carried out with 120 professionals (70 from the education area of knowledge and 50 from the transportation area of knowledge) in order to obtain the relative weights of the attributes (Fig. 1).  The method employed was the Constant-sum Paired-comparison of the attributes.  It is interesting to notice that all the attributes attained similar importance values.

3.2 Maximum admissible travel time and walking distance

The professionals were also asked about the maximum admissible travel time in the vehicle and walking distance from the residence to the bus stop.  The results are shown in Table 1.
The greater part of the respondents considered 500m to be the maximum admissible walking distance.  This value is lower than the one found in the literature (3km), which is considered too high for school-age children.  In what concerns the travel time, the majority of the respondents chose 30 minutes as the maximum time, which is also lower then the value found in the literature (45 minutes).

3.3 Normalization of the attributes

A pertinence function was defined for each of the attributes, depending on the nature of the attribute.  By definition, the pertinence value equal to 1 corresponded to the best accessibility situation and the value of 0 corresponded to the worst situation.
The functions for the normalization of the walking distance and travel time in the vehicle were defined based on the data collection results about the maximum admissible values for the attributes (Fig. 2 and 3).
Thus:
If d ≤ 500                 ( (d = 1

If 500 < d < 1500    ( (d = 1.4 – 0,0008d

If 1.500 ≤ d ≤ 2000 ( (d = 0.2
If 2.000 < d < 2500 ( (d = 1 – 0,0004d
If d ≥ 2500              ( (d = 0

Where d is the walking distance (in meters) and (d is the normalized distance value.
Thus:
If t ≤ 30         ( (t = 1

If 30 < t < 90 ( (t = 1.5 - t/60

If t ≥ 90         ( (t = 0

Where t is the travel time (in minutes) and (t is the normalized time value.
Notice that both the distance and the travel time pertinence-curves are decreasing functions (the longer the walking distance and the travel time, the lower the accessibility level).
Fig. 4 shows the pertinence function for the pavement condition.  It is an arbitrary curve that corresponds to an increasing evaluation from 0 to 10 (minimum and maximum scores for the roads pavement).  The condition of the road segments were evaluated by the researcher according to the Highway Performance Monitoring System (HPMS) methodology (FHWA, 2005).  In this case, the pertinence curve is an increasing function (the higher the evaluation the higher the accessibility level).
Thus, ( = p/10, where p is the pavement condition and (p is the normalized condition value.

3.4 Combination of the attributes
For the aggregation of the attributes in a single value, in order to obtain the accessibility index a Weighted Linear Combination was used (Equation 2)
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Where:
Aj = Accessibility level for the students who live in property j

μtj = normalized value for the travel time of the students who live in property j

μdj = normalized value for the walking distance of the students who live in property j

μpj = normalized value for the pavement condition for the students who live in property j

4 Case study
In order to verify the applicability of the accessibility index, a case study was developed using data from the Rural School Transportation System in the city of São Carlos, SP, Brazil.  The city of São Carlos has a population of 200 thousand inhabitants (5% living in the rural area).  Around 2000 rural students are transported daily to urban schools in three periods (morning, afternoon and evening).  The demand for one school and one period were chosen for this case study, as shown in Table 2.
A GPS was used for the collection of data about itineraries of the routes and the location of stops.  The walking distance from the students´ residences to the bus stops was evaluated based on the time it took the child to get to the stop, considering the walking speed of 3.6 km/h.

For the computation of the travel time along each route segment (between two consecutive stops), the embarkation time (approximately 5 seconds for each student) was not considered because it was not significant.

The pavement condition (in a scale from 0 to 10) was evaluated for each route segment.  If the segment included paved and unpaved sections, the evaluation was weighted by the respective lengths for the final score.

The software TransCAD (Caliper, 1996) was used for the estimation of the accessibility level of each property and for the graphical representation of the results (Fig. 5).  The numbers that appear in the figure indicate the codes for the bus stops, according to the route they belong.  Thus, stops 101, 102, … belong to route 1, 201, 202, … belong to route 2 and so on.

The following scale was adopted for the accessibility index (Aj):
           Aj ≤ 0.60: Low
0.60 < Aj ≤ 0.80: Regular

0.80 < Aj ≤ 1.00: High
As can be seen in the figure, most stops have a good level of accessibility.  Nevertheless, these stops are not, necessarily, the ones closest to the school.  There are some distant stops with good accessibility levels (like stops 403 and 408).  These stops belong to a route that presented good levels in all its stops because the itinerary is mostly along a good paved road.  

One may conclude that stops farther from the schools do not have, as a rule, low levels of accessibility.

There are only a few stops with bad accessibility (numbers 102, 103, 201, 301, 701 and 702).  These stops are the first pick-up points in their routes but are not the farthest from the school.  An analysis of the evaluation for these stops show that the low scores were due to the long walking distances (for stops 102 and 103 it was above 2km) and long travel time.

The accessibility level, as defined in this research, is not solely distance-related.  In addition, the quality of the pavement plays an important role in the evaluation.  In order to estimate the influence of the pavement quality on the accessibility, a sensitivity analysis was made, altering the score attained by this attribute.
For this analysis, route 7 was chosen because it was considered the worst (pavement evaluation scored between 2 and 3, in a scale of 0 to 10).  If an improvement was made and the pavement evaluation upgraded to 7, the accessibility levels would be the ones shown in Table 3.  The travel time in this new situation was estimated considering that the average bus speed would increase from 20 km/h (present average speed in the route) to 50 km/h (average speed in other routes with pavement evaluation equal to 7).
As can be seen in Table 3, the accessibility levels increased noticeably because of the pavement improvement.  The two stops with low accessibility were upgraded to regular, the number regular stops reduced from 5 to 4 and the number of high accessibility stops increased from 5 to 8.  These results show that pavement condition affects significantly the accessibility levels and quality of rural school transportation.

Similar results might be obtained for the other routes.  Improving pavement condition is, therefore, an important strategy for improving the access to schools in rural areas.

5. Conclusions
The accessibility index proposed in this paper is an instrument that can be used to evaluate the quality of the transportation service and to support the rural school transportation planning.

The utilization of a multi-criteria evaluation index that includes other attributes besides distance showed that pick-up points farther from the school do not have, as a rule, low accessibility levels.  The transportation service supplied by the public administration to the students who live in the rural area may be of good quality even though the schools are far from the students´ residence.  The main requisite for this is that roads are well kept and the children walking distances are not very great.
Each route has its own characteristics in relation to the attributes considered in the study.  Stops located farthest from the school will not show low levels of accessibility if students walking distances are not very great (shorter then 500m) and the pavement condition along the roads is good.

Education is a fundamental right of all children and rural school transportation has to be planned in order to offer good accessibility conditions to every student.
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Table 1
Maximum admissible travel time and walking distance

	Walking distance (m)
	Number of responses (%)
	
	Travel time in the vehicle (min)
	Number of responses (%)

	less then 500
	55 (46%)
	
	less then 30
	58 (48%)

	less then 1000
	42 (35%)
	
	less then 45
	36 (30%)

	less then 1500
	11 (9%)
	
	less then 60
	20 (17%)

	less then 2000
	10 (8 %)
	
	less then 90
	6 (5%)

	less then 2500
	2 (2%)
	
	
	


Table 2

General information about the routes for one school in the afternoon period

	Routes
	Length (km)
	Number to students
	Number of stop (properties)

	1
	34,5
	31
	17

	2
	39,5
	23
	9

	3
	43,8
	47
	28

	4
	41,5
	27
	13

	5
	33,3
	60
	18

	6
	36,1
	45
	22

	7
	49,4
	24
	12

	TOTAL
	278,1
	257
	119


Table 3

Simulation for route 7 – improving pavement condition

	Accessibility level
	Number of pick-up points

	
	Present situation
	Simulation

	Low
	2
	0

	Regular
	5
	4

	High
	5
	8


Captions to illustrations

Fig. 1. Attributes weights

Fig. 2. Normalization of the walking distance

Fig. 3. Normalization of the travel time in the vehicle

Fig. 4. Normalization of the pavement condition

Fig. 5. Accessibility levels
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