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Abstract. Coaches are considered to be one of the safest modes of transport for
children in the UK. In the last 10 years alone, 1191 children were injured in 371
coach crashes. Though the government has strict regulations to maintain road
worthiness of the coaches, operator non-compliance was the major reason for
these accidents. In last year alone, 137 coach operator licenses have been
revoked due to operator non-compliance in the UK. Currently, there is no
process to reliably mitigate the safety risks of children travelling by coaches.
This has created a requirement to validate all the coach operators before using
their coaches for school trips. This paper proposes a novel safety model for
validation of coach operators prior to commencement of coach journeys.
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1 Introduction

Safety in transport is concerned with the protection of life by regulating, managing and
developing technology for all forms of transport. People use transport for day-to-day
activities such as school, work and business movements or for social and leisure pur-
poses. Safety in school transport systems is critical as it involves children, who are the
most vulnerable users [1]. Every year, schools in England alone makes more than
48000+ local journeys [2] and they depend on coach operators for most of their national
and international journeys [3]. Coach journeys are considered to be one of the safest
modes of transport, in comparison with other modes of transport but, it has a higher
percentage of casualties per accident [4, 5]. According to national accident statistics of
Great Britain (GB), between 2005 and 2015, 1191 children were injured in 371 coach
crashes [6]. Contributory factors for these accidents were driver errors and technical
faults in vehicles caused by operator non-compliance [7]. Even having strict regulations
on operator’s compliance with government guidelines, in 2016 alone, 137 coach
operators’ licenses have been revoked in GB due to operator’s noncompliance [8]. This
indicates that the existing regulations have not been properly implemented by coach
operators. This indicates that there is a need for validation of coach operators, drivers
and vehicles before they commence any journey. There are only limited studies
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available in the literature that analyse the safety of school transport through coaches in
the UK. Also, there is no specific safety model available to improve the safety of
children travelling by coaches. In this paper, we propose a novel, safety model for
validation of UK coach operators. The model has been developed as a response to
government accident statistics [6], traffic commissioner reports [8] and a qualitative
survey conducted in the UK. The model collects data relating to vehicles, drivers and
coach operators and calculates safety scores based on the operator’s compliance to the
UK government’s safety guidelines. These safety scores are then used to rank coach
operators from the most to the least safe. The scores will guide schools in their selection
of coach operators. The remainder of this paper is organized as follows. An overview of
the existing technologies and relevant models are discussed in Sect. 2. The analysis of a
qualitative survey is presented in Sect. 3. Significant issues and requirements have been
identified which are discussed in the Sect. 4. Section 5 describes the proposed model
and Sect. 6 provides discussions on its evaluation. Finally, conclusions and future work
are outlined in Sect. 7.

2 Literature Review

Recent fatal accidents involving school children in the UK have alarmed safety pro-
fessionals and the UK government [9–11]. Reducing coach accidents through policy
updates [12] has been one of the most important goals of the UK government for a long
time, as it involves a high number of fatalities per accident. This concern is even more
important in school transport, which is more critical than other types of transport, as it
involves school children, who are the most vulnerable users. Recent advances in school
transport systems has given birth to intelligent school transport systems (ISTS) which
attempts to tackle issues faced in school transport which may be classified in to three
major categories; school bus routing, vehicle & driver monitoring and children mon-
itoring [13]. However, there are limited studies addressing the validation of coach
operator compliance [14]. In 2014, revised home to school travel and transport guid-
ance was released by the UK government for local authorities, parents and other
interested parties [12]. No criterion for selecting coach operators for school trips was
included in the guidance. There are 217 county councils in the UK (England – 152,
Scotland – 32, Wales – 22 and Northern Ireland – 11). County councils follow the
national transport guidelines for home to school travel. However, some county councils
have amended the national guidelines and created an enhanced version [14]. In addi-
tion, Northamptonshire county council has compiled a checklist for coach operators,
wherein they require the operators to confirm compliance by signing and passing it on
to the school’s Headmaster before the journey [15]. The checklist helps operators to
reiterate whether the coach and driver(s) are fit for purpose. To reduce accidents due to
operators’ non-safety compliance, and to help the operators to improve their safety
levels, the Volvo vehicle manufacturing company has implemented a scientific
approach for their coaches and trucks. The system monitors the four main requirements
of the Driver and Vehicle Licensing Agency (DVLA) that include road worthiness,
traffic enforcement, monitoring and safety [16]. Volvo has also implemented real-time
on-board fault diagnostic systems, active truck load monitoring systems and Volvo’s

184 M. Ramachandran et al.



Dynafleet online on some of the products to keep their coaches safe, legal and in
control. The system also includes a service point online to keep the data associated with
the Driver Vehicle and Standards Agency (DVSA) compliant. However, there is still a
knowledge gap with schools in respect of the operators’ safety compliance which can
be used prior to booking a coach. There is no specific safety model available to guide
and ensure the safety of children travelling in coaches in the UK [13]. Therefore, a
novel safety transport model which validates the coach operators and guides the
schools to select the safest operator while booking the journey is proposed. The
development of the model was guided by the analysis of the coach based school
accidents records from the STATS19 database [6], the traffic commissioners’ reports
[8] and a survey which was conducted utilising relevant authorities, practitioners and
users.

3 The Survey

A qualitative survey was conducted in Luton Borough Council (in the East of Eng-
land), which had more coach accidents and operator licenses revoked compared to most
of the other regions. The survey was conducted for a period of 6 months, between
March 2016 and September 2016. A total of 42 experienced stakeholders (coach
operators, coach drivers, parents, school headmasters, road-safety analysts and council
transport officers) were selected for in-depth qualitative interviews. The thematic
analysis method proposed by Braun and Clark [17, 18] was used to analyse the tran-
scripts. The results showed two major themes, safety issues and requirements of the
stakeholders, for coach based school transport as shown in Tables 1 and 2.

Table 1. Top 10 safety issues identified.

No. Safety issues

1 Unaware of driver and vehicle
condition

2 Children behaviour at (bus stop,
inside bus)

3 Time delays by parents-drivers
(lateness)

4 Inexperienced driver (driver error)
5 Driver got disturbed by pupils in

bus
6 Vehicle out of control (vehicle

error)
7 Driver fatigue
8 Other vehicles behaviour around

the bus (External factors)
9 21 h double team journey
10 Driving hours (real rest time)

Table 2. Top 10 requirements identified.

No. Requirements

1 Bus escorts
2 Vehicle tracking
3 Information about driver’s and

vehicle’s status
4 Supervise students at the bus stops
5 CCTV cameras
6 Schools need to check the vehicle’s

and driver’s documents for safety
reasons

7 Requirement for driver – passenger
education

8 Avoid narrow roads and sharp bends
9 Use routes with brighter bus stops
10 Bus drivers prefer motorways
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4 Significant Issues and Requirements

In an attempt to reduce accidents for children travelling by coaches, the UK govern-
ment guidelines [12, 22–32, 33, 34] were considered. The requirement for coach
operators to maintain the safety of their fleet in the UK was also used as an important
issue for consideration. The following table shows the importance of the issues and
requirements over others (Table 3).

Table 3. Significant issues and requirements.

No. Issues/Requirements How the proposed model going to solve it?

1 Unaware of driver and vehicle
condition

The model will bridge the gap between the
stakeholders by presenting the vehicle and
driver safety scores to the customers
(schools/parents) when they try to book a
coach with the coach operator

2 Inexperienced driver (driver error) Safety score for each driver is calculated
based on the driver experience and points
on his/her license + other factors (DBS,
Health records, Driving hour violations
etc.). So the accidents occurring due to
driver error [7] can be reduced by selecting
the right driver

3 Vehicle out of control (vehicle error) Safety score for each vehicle is calculated
based on various vehicle related attributes
which includes, vehicle accident history,
daily walk around checks, 6/8/12 weekly
safety checks, yearly MOT, valid Insurance
etc. Accidents occurring due to vehicle error
[7] can be reduced by selecting the right
vehicle

4 Driver Fatigue One of the attributes for calculating the
driver safety score is the driver’s driving
hour violation through the analysis of
Tachograph history. Using the driver who
has low violation in driving hours may
possibly reduce accidents occurring due to
driver fatigue [19] caused by irregular rest

5 Information about driver and vehicle
status

Similar to Issue No. 1, Parents and Schools
requested to check the driver’s and
vehicle’s status before the journey to
validate them (i.e.) to make sure they are
safe for the journey

6 Schools need to check the vehicle’s
and the driver’s documents for safety
reasons

Similar to Issue No. 1. Parents requested the
schools to check the driver’s and vehicle’s
documents for a safe journey. Both, point 5
and 6 can be rectified through this model
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5 Cloud Based Coach Operator Validator Model

Before the model is discussed in detail, it is important to understand how the quotation
process works. For the purpose of this paper, quotation is the process for obtaining
prices from coach operators for a particular school journey between two points. Usually
a Headmaster or an event coordinator in a school carries out a safety assessment for a
school trip and then selects an appropriate coach operator to provide the service. There
are many coach operators in the UK who provide coach services for school trips. To
select a coach operator, a Headmaster/event coordinator (users) normally provides
details of a school journey to several coach operators (brokers) to obtain quotations.
A quotation normally provides a list of vehicles with corresponding prices for the
journey. The prices vary depending on the type of coach and number of passengers. If
the user is happy with the quotation, a booking is made for the coach. Figure 1 shows
the existing quotation process where no validation of coach operators involved.

We propose a model to introduce a coach journey validator that connects with the
existing quotation system as shown in Fig. 2. The model can also act as a stand-alone
system for validation of a coach operator without the quotation engine. The proposed
model consists of 5 steps: data acquisition, data verification, data weight assignment,
safety score calculation and quote engine connection. Basically, the model collects a

Fig. 1. Existing quotation process.

Fig. 2. Proposed quotation process.
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coach operator’s data relating to vehicles and drivers and produces a safety score for
each journey. Weighting parameters are used, based on the UK government’s guide-
lines and regulations for coach operators [20–32] to determine the safety level. Figure 3
shows the process decomposition of the model for creation of the journey validator.

Data Acquisition: Coach Operator’s data in respect of vehicles and drivers are obtained
through a data acquisition process. The key step in this model is the data acquisition
phase in which, the attributes and parameters are determined according to the standards
set by Driver Vehicle and Standards Agency (DVSA), in addition to following the
guidelines for coach operators in the UK [22–32, 33, 34]. First, detailed information
such as, Traffic Operator Compliance Risk (OCR) scores, Roadworthiness OCR scores,
Combined OCR scores, operator license validity etc., are collected. Information about
the fleet such as the number of vehicles in the fleet, safety checks, the compulsory tests
set by the Ministry of Transport (MOT), insurance validity, vehicle accident history
etc., are collected. Data related to drivers working for the operator, including the
number of drivers, their experience, points on their licenses, DBS checks, etc. are also
collected.

Fig. 3. Coach operator validator model process decomposition.
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Data Verification: Subsequent to obtaining the data from the operator, it is verified
using authorised government databases. First the operator’s data is retrieved from the
DVSA database and compared with the information obtained from the operator. If they
match, then the operator’s data is verified. Similarly, vehicles and drivers’ data are
retrieved from the operator and compared with the information on the DVLA databases
for verification.

Data Weight Assignment: Once the coach operator’s data is verified, it is divided into
three parts: operator’s attributes, vehicle’s attributes and driver’s attributes. Subse-
quently, weighting factors are assigned to the attributes using the UK Government’s
scoring systems to calculate the safety scores data. High risk attributes have higher
weighting factor whereas the medium and minimal risk attributes are given lower
weighting factors. (Example: OCR score attribute can have a weighting factor distri-
bution of 3 to 1 based on the OCR score i.e., Green −3, Amber −2 and Red −1).

Safety Score Calculation: Once the weighting factors are assigned, individual safety
scores for an operator, their vehicles and their drivers are calculated. Details of safety
score calculations are discussed in [32].

Quote Engine Connection: Once details of a school trip are provided to the quote
engine of a coach operator, a list of vehicles along with their safety scores and quo-
tations for each vehicle are displayed. More details be found in [32].

6 Testing the Model

The model was tested in-house and by a number of practitioners. During in-house
testing, data was fed into the model to check accuracy of performance. Corrections
were made during this initial test and the model was refined further. Real time data was
obtained from two coach operators in Luton in the UK who are registered with Luton
Borough Council, who also contributed to the testing process and used to test the
model. More details may be found in [32]. Feedback received from the coach operators,
who were involved during the testing process, was also incorporated within the model.

Results confirmed that the model works well and safety scores calculated for typical
journeys were accurate, when compared with scores obtained from authorised UK
Government sources. The real-time test has so far confirmed the capability of the
model, which may be used for wider applications, possibly globally after some mod-
ifications to it.

To further confirm it is fit for purpose and its capability, the model will be evaluated
shortly by a larger number of transport companies within the Luton Borough County
and across the UK.
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7 Conclusion and Future Work

Safety of school transport is a critical issue which should be addressed effectively.
Safety in coach-based school transport in GB is a less investigated area compared to
other modes of school transport. Coach operator’s non-compliance is a major issue in
the coach industry. This requires immediate attention before more children lives are put
at risk. This paper presents a novel safety transport model for validation of
operators/coaches for school journeys in the UK. The results of a qualitative survey
conducted for school coach journeys in the UK were presented and significant issues
and the requirements were identified and discussed. A model is proposed for validating
operators/coaches for school trips prior to their bookings. Testing of the model using
real data from two coach operators in Luton confirmed its capability. The model may
be deployed for wider applications across the UK to reduce the number of accidents
due to operators’ non-compliance. By providing safety scores, the model can inform
users (schools and parents) of suitable operators, vehicles and drivers for school
journeys. The model will be evaluated by the participation of a large number of
transport companies within the Luton Borough County and across the UK.

There is potential to expand the model further. Features such as vehicle monitoring
and driver monitoring, etc., can be integrated in this model.
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