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ABSTRACT
Over 20,000 people are killed due to road traffic crashes in Bangladesh annually. The country has over
100 road traffic deaths per 10,000 motor vehicles, one of the highest rates in the world. 70% of crash
fatalities occur in rural areas. In 2014, Safe Crossings (Netherlands) and CIPRB (Bangladesh) received
permission from the government of Bangladesh to design and implement an integrated speed
management program to prevent road traffic injuries at three locations on a national highway that passes
through villages. The study goal was to understand and quantify the improvement in road safety as a
result of small-scale infrastructural adaptations combined with active community involvement and road
user education. We had a specific interest in the effects on VRUs. Prior to installing the interventions,
the three intervention locations combined had, on average, per year: 110 serious accidents, 12 deaths,
and 240 injured people. Pedestrians accounted for 63% of all fatalities in the Before Period.
In an ideal world one would like to use accident statistics as the ultimate measure of road safety.
In reality, this was not possible as the accident statistics were neither sufficiently accurate nor complete.
Hence we had to design an alternative monitoring & evaluation approach. The basic research design is
a Before and After study using three methods: i) speed measurement (also in control locations), ii) an
accident recording system using local record keepers that we set up ourselves, and iii) conflict
observation using the DOCTOR method with video recording.
Implementation of all infrastructural interventions was completed in April 2015. The integrated speed
management for three locations in Bangladesh has resulted a reduction in road traffic injuries and
fatalities of around 60%. The net speed effect is a reduction on average of 13,3 km/h (or 20% in relative
terms), suggesting a reduction in the number of people killed of 59% using Nilsson’s power law. Our
accident recording system shows a 66% reduction in the number of serious accidents (significant at p <
0.01), a 73% reduction in the number of injured people (significant at p < 0.01), and a 67% reduction in
the number of road traffic deaths (significant at p < 0.10). Analysis of the conflict data revealed a 54%
reduction in relative terms (52% reduction when taking the traffic volumes into account) in the number
of serious conflicts. In addition, no conflicts of the highest severity category occurred in the after period.
An additional advantage of the integrated speed management program is that it can be implemented
relatively quickly (in 6 to 12 months) and the cost-effectiveness is very high. Our calculation suggests
a ‘cost per DALY saved’ of below USD 100. We would like to suggest three specific areas of future
research based on this study: i) traffic calming in city environments in LMICs, ii) interventions to further
reduce the speed of fast-moving traffic in general and buses in particular and iii) investigating the
potential of an integrated speed management program in a large number of locations in LMICs with the
joint aim of significantly improving road safety and generating valuable road safety data on (cost-)
effectiveness and implementation challenges and solutions.
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1. INTRODUCTION
1.1 Road safety challenges in Bangladesh
Over 20,000 people are killed due to road traffic crashes in Bangladesh annually (WHO, 2015). The
country has over 100 road traffic deaths per 10,000 motor vehicles, one of the highest rates in the world.
As in several other Low and Middle Income Countries (LMICs), the official road crash statistics are
incomplete and biased (WHO, 2012). In sharp contrast to the WHO numbers, the Bangladesh Road
Traffic Authority reports around 2,000 fatal accidents per year, of which 32% are pedestrians (BRTA,
2012). Hoque (2013) on the other hand asserts that vulnerable road users (VRUs) account for over 50%
of road traffic casualties. In addition, Hoque (2013) reports that 70% of crash fatalities occur in rural
areas and that key risk factors include high speed of motorized traffic, the mix of fast and slow traffic,
and the presence of a high number of vulnerable road users.

1.2 Speed management in LMICs
This study is one of the first to consider small-scale measures for speed management on a highway that
passes through villages in a LMIC. In high-income countries, traffic-calming measures that reduce
vehicle speeds in areas with concentrated numbers of pedestrians and cyclists are proven to be effective
in reducing road traffic injuries (WHO, 2015). Especially VRUs can survive a crash with motorized
traffic more likely when the impact speed is reduced (Rósen et al., 2011).
The Cochrane review in 2007 (Perel et al., 2007) found no road safety trials in LMICs on traffic calming
by infrastructural measures, either in cities or outside cities. Since then, a few studies have been
published. Afukaar (2008) evaluated traffic calming interventions at 8 black spots along truck roads in
Ghana that pass through settlement areas. He concludes that traffic calming is an effective measure for
most of the treated black spots. We must note however that only four of his black spots yielded results
that were positive (i.e., a reduction in road crashes) as well as statistically significant. Hydén and
Svensson (2009) did a before-study on the possibilities of traffic calming in an urban setting in Jaipur
(India). They conclude that there is urgent need for traffic-calming measures in Jaipur and presumably
in many other Indian cities. In addition, the authors recommend introducing standardized traffic-calming
measures that ensure low speeds and organize traffic at intersections in cities.

2. THE INTEGRATED SPEED MANAGEMENT PROGRAM
2.1 Introduction Safe Crossings and CIPRB
In 2014, Safe Crossings (Netherlands) and CIPRB (Bangladesh) received permission from the
government of Bangladesh, as the first NGOs ever, to design and implement an integrated speed
management program to prevent road traffic injuries at three dangerous locations on a national highway
that passes through villages. The study goal was to understand and quantify the improvement in road
safety as a result of an integrated speed management program.

2.2 Intervention locations
We selected three sites for the field study in Bangladesh: Nilkuthi, Namapara, and Kunderpara.
All three sites are located on the N2 highway between Dhaka and Sylhet. The selection of the
intervention locations happened in the following way. We (Safe Crossings and CIPRB) had heard from
people in Bangladesh and also read in an article in the newspaper the Guardian (Kelly, 2012) that the
N2 highway had a poor reputation in terms of road safety. In the first months of 2014 we went on a trip
by car on the highway, starting in Dhaka. At that time, we did not possess any quantitative information
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on the number and severity of road crashes at any of the intervention locations. During this trip we
stopped at sites where there was an absence of road safety measures, a village with a school nearby, and
a presence of a main ‘conflict zone’ between motorized traffic and VRUs that is limited in space. Since
we did not possess any quantitative information on the number of road crashes prior to selecting the
intervention locations, there is no risk of ‘regression to the mean’.
The traffic count (see paragraph 3.2) showed that around 2,000 pedestrians and 4,000 motorized vehicles
pass through each of these locations daily. Figures 1 and 2 show typical road scenes at the intervention
and control locations, highlighting the mix of fast and slow traffic, the pedestrians waiting for an
opportunity to cross the road, and the regular overtaking by buses and other fast-moving motorized
traffic.

Figure 1 and 2: Typical road scenes at the intervention locations (N2 highway, Bangladesh)
A typical feature of the traffic on the N2 highway is the combination of various types of motorized and
non-motorized traffic. We identified the following categories of road users: Buses, Trucks, Cars and
Minibuses, three-wheel auto-rickshaws called CNGs (named after the fuel they are using: Compressed
Natural Gas), Motorbikes, Other Light Motorized Vehicles, Rickshaws and Bicycles, and Pedestrians.

2.3 Infrastructural measures
The infrastructural measures for speed management were designed following Dutch road design
guidelines, applied to the specific situation of the locations in Bangladesh, and have been validated by
road safety experts in Bangladesh. Figure 3 shows the measures for Nilkuthi, one of the 3 intervention
locations. The measures in all three intervention locations are similar and include: speed humps that
reduce speed of motorized traffic to an expected 50 km/h, lateral rumble strips, one or two pedestrian
crossings, signs and lining, and a bus bay on both sides of the road.
The first signs warning motorized traffic of the crossing were placed 200m from the centre of the
crossing. Each speed hump was located 60m from the centre of the crossing. Thus the distance between
the two speed humps is 120m. We used the Dutch design guidelines (CROW, 2014) corresponding to a
‘before speed’ of 80 km/hr. and a desired ‘after speed’ of 50 km/hr. for the speed humps for Nilkuthi
and Namapara. This resulted in a speed hump with sinus-shaped form of 2,40m in length to get on the
hump, a hump height of 0,08m, a hump length of 7,00m, and again the sinus-shaped form of 2,40m in
length to get off the hump. Based on initial post-intervention speed measurements at Nilkuthi (which
showed an average bus speed exceeding 50 km/hr.), we decided to reduce the length of the sinus-shaped
form (to get on and off the speed hump) to 1,80m in Kunderpara.
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Figure 3: Overview of infrastructural measures at Nilkuthi
The infrastructural interventions at the 3 pilot locations were completed in the months of January – April
2015. Nilkuthi was completed on January 10th, Namapara on March 29th, and Kunderpara on April 8th.

2.4 Educational interventions
As part of the baseline analysis in 2014 we identified the main categories of VRUs that are at risk on
three selected crossings based on interviews with teachers at the local schools, being school children
(age 6-9), school children (age 10-16), CNG drivers and pedestrians. In addition, we identified through
video recording and personal observation, the main causes for (near) accidents and the main types of
unsafe behaviour. We then translated these findings into the key messages for safe behaviour that formed
the basis for all road safety training, including how to the cross the highway, playing at safe distances
from the highway and being visible while walking along the highway (at a safe distance from the
highway).
School children between the age of 6 and 9 received practical training to learn about the selected key
messages for safe behaviour. For school children aged 10 to 16, classroom sessions were organized to
discuss road safety and safe behaviour. A video show about road safety supported these sessions. In the
CNG training program we alerted the CNG drivers, typically 10 to 12 per session, to the high risk of
getting involved in a road crash and the dire consequences of a road crash. Subsequently we presented
and discussed video footage, recorded at the three intervention locations during the baseline, of near
accidents that involved CNG drivers. We then discussed the root causes of these near accidents and what
behavioural changes CNG drivers should make to stay safe.
For pedestrians a general awareness campaign was set up including video shows and the distribution of
leaflets with 6 selected key messages around road safety. In addition to the education program for VRUs,
several information sessions and workshops were organized to look after the safety of both road workers
and road users during the implementation of the infrastructural interventions.
For bus drivers an awareness campaign was set up using leaflets that were distributed at rest places for
bus drivers. The first leaflet was handed prior to the installation of the speed humps and included
information on the planned road works for the speed humps. The second leaflet which included
guidelines on the appropriate speed at the intervention locations was handed out after the speed humps
had been installed.
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2.5 Active community involvement
To ensure a long-term impact of the program, a key component of the program was to actively involve
the communities living around the location as well as to liaise closely with local, regional and national
governmental bodies.
Regular meetings between the project team and the local, regional and national governmental bodies
were held to create ownership and ensure a smooth handover of the infrastructural part after
implementation. In each project location a Road Safety Committee was set up which convened twice a
month during the implementation. This committee consisted of the key stakeholders of the community
(e.g., the head teacher, imam, chairman of local government, the local record keepers, etc.). During these
sessions Safe Crossings and CIPRB provided an update on the program, explained what the next steps
were, and asked actively for the feedback of the Road Safety Committee. The members of the Committee
had the opportunity to share and discuss their concerns as well as offer suggestions for further
improvement. In addition, it was discussed and evaluated what the committee members should do to
promote road safety and ensure safe behaviour within their communities.

3. MONITORING & EVALUATION METHODOLOGY
3.1 Introduction
In an ideal world one would like to use accident statistics as the ultimate measure of road safety.
In reality, this is often not possible as the accident statistics are not sufficiently accurate or complete,
and as a (too) long time period is needed to get sufficient evaluation data. In Bangladesh, as in several
other LMICs, the official road crash statistics are incomplete and biased (WHO, 2012).
Hence we had to design an alternative monitoring & evaluation approach. The basic research design is
a Before and After study using three methods: i) speed measurement, ii) an accident recording system
using local record keepers that we set up ourselves, and iii) conflict observation using the DOCTOR
method with video recording.
We selected speed measurements as the interventions are aimed at reducing the speed of high-speed
motorized traffic and one can expect a positive effect of lower speeds on road safety (see Nilsson (1982)
and Rosen (2011)). In the case of speed measurements we compare the observed changes in speed of
motorized traffic in the three intervention locations with the observed changes in speed of motorized
traffic in two control locations.
In addition we performed a Before and After traffic count at two of the three intervention locations,
Nilkuthi and Kunderpara.

3.2 Traffic volumes
We performed a traffic count at the two intervention locations for the same time periods for which the
DOCTOR conflict technique was applied (see paragraph 3.5). Human observers counted the traffic from
the video recordings on a 15-minute basis. A distinction was made between the following categories of
road users: buses, trucks, passenger cars/microbuses, CNGs, motorbikes, rickshaws/bicyclists, light
motorized vehicles, and pedestrians (adults-children).
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3.3 Travelling speeds
We have held speed measurements using a laser gun before and after we implemented the interventions
in the three intervention locations and in two control locations. The measurements were un-obtrusive;
the road users were not aware of the human observers measuring their speed.
For the speed measurements, we selected the same time intervals in the Before and After period. Only
‘free-riding’ vehicles were recorded. All speed measurements were made during good weather with a
dry road and good visibility. We recorded approximately the same number of vehicles going to Dhaka
as going to Sylhet (i.e., away from Dhaka). The same laser gun was used in all speed measurements.
Figure 4 shows the location of the intervention and control locations (indicated by ‘c’). We chose control
locations on the same highway as the intervention locations to ensure similar traffic characteristics at
the intervention and control locations. Akin to the intervention locations, we had no previous
quantitative information on the number or severity of road crashes. Similarly, the selected control
locations were characterized by an absence of road safety measures, a village with a school nearby, and
a presence of a main ‘conflict zone’ between motorized traffic and VRUs that is limited in space.
The distances shown in Figure 4 indicate the distance from Dhaka. The traffic characteristics (traffic
volume, road user mix, and road crash risks) similar in all locations. At the time of selecting the control
locations, we believed that the control locations were located sufficiently far from the intervention
locations to not be affected by the speed program in the intervention locations.
Kunderpara

Nilkuthi

Namapara

(61km)

(80km)

(82km)

Dhaka

Gashirdia (c)

Gabtoli (c)

(0km)

(57km)

(68km)

Figure 4: Overview of intervention and control locations with distances from Dhaka
We performed the baseline speed measurement in April 2014 and the post-intervention measurements
in November 2015. Based on the baseline measurements, we selected the following pairs of interventionand control locations for speed measurement comparison: i) Kunderpara and Gashirdia, ii) Namapara
and Mahmudabad, and iii) Nilkuthi and Gabtoli bus-stand. After the baseline, we inspected each of the
control locations a number of times. However, after implementation of the infrastructural interventions
we had to conclude that the Mahmudabad control location was located too closely (i.e., less than 150
meters) to the first signs of the nearest intervention location and we therefore could assume that the road
crash pattern at Mahmudabad is influenced by the intervention program at Namapara. We therefore
decided to remove Mahmudabad from the set of control locations.

3.4 Road accidents
We created our own accident recording system with trained local record keepers. Following an initial
test in Nilkuthi, we expanded the accident recording system to the other two intervention locations. The
record keepers use a standard form to record the accidents. Only accidents that result in injury or death
are recorded. Thus, accidents with only material damage are not recorded. The accident data are updated
daily by the record keepers. For each of the three intervention locations we have an accident database
for the period June 1st 2013 – January 31st 2016. We distinguish three periods:
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-

Before period: June 1st 2013 – December 31st 2014 (19 months)
Installation of speed hump period: January 1st 2015 – April 30th 2015 (4 months)
After period: May 1st 2015 – January 31st 2016 (9 months)

Using the accident database we can compare – in the Before and After period - the combined (i.e., for
the three intervention locations combined) i) the number of accidents per month, ii) the number of
injured people per month, and iii) the number of fatalities per month. We decided to exclude the months
in which the speed humps were installed from the comparison as the installation of the speed humps
itself and the corresponding road works will have affected the road traffic pattern and the road crash
pattern.

3.5 Conflict observation (DOCTOR) using video recordings
The conflict observation study methodology enabled us to get a sufficiently large data set in a relatively
short period of time and also allowed us to observe and analyse the behaviour of traffic users in a
systematic manner. For this purpose we used the DOCTOR technique developed by the SWOV and
TNO in the Netherlands (Kraay, van der Horst & Oppe, 1986; 2013). The DOCTOR technique is a
standardized evaluation method that identifies a critical situation if the available space for manoeuvring
is less than is needed for a normal reaction. The severity of a conflict is then scored on a scale from 1 to
5, taking into account (1) the probability of a collision, and (2) the extent of the consequences if a
collision had occurred. Originally, the DOCTOR method was based upon judgments of traffic conflicts
by human observers in the field. Later on, the DOCTOR method was applied by making the judgments
from video recordings afterwards (van der Horst et al., 2007), the latter enabling repeated looks at an
event, scoring certain aspects of an encounter separately, and identifying what actually happened. This
study is this first application of the DOCTOR method in a LMIC.
At each intervention location video recordings have been made for about one week (24h/day) in the
Before and After period. Figure 5 gives an example of these videos in the before and after situation at
Nilkuthi, one of the three intervention locations. Table I gives the time periods during which the on-site
video recordings were made. The video recordings were stored on hard disk of an on-site PC-based
system. The video images were stored as separate MPEG-4 files for each 15 minutes in a time-directory
structure (location, date, hour). Each image had a resolution of 768x288 pixels.
Before

After

Figure 5: Video images of the Nilkuthi intervention location before and after
the infrastructural interventions (speed hump is located 60m from pedestrian crossing)
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Location

Before

After

Nilkuthi

March 5 – 15, 2014

November 5 – 12, 2015

Kunderpara

March 25 – April 3, 2014

October 27 – November 4,2015

Namapara

March 16-24, 2014

November 13 – 20, 2015

Table I: Time periods of video recordings at the intervention locations before and after
the infrastructural intervention.

4. RESULTS
4.1 Traffic volumes
We conducted traffic counts for the same time periods (4.5 hours in total per location) as we selected
for the conflict observations. Table II shows the traffic count data for Nilkuthi and Kunderpara in the
Before and After period. The relative share of buses is similar for both locations. Kunderpara has a
considerably higher share of pedestrians (around 40%) than Nilkuthi (around 25%). We note that there
are no known seasonal patterns in road crashes in Bangladesh other than the large traffic flows (with
corresponding higher road crash risk) that occur as part of the EID festivities. The EID festivities
happened in late October in 2013, early October in 2014, and late September in 2015.
Nilkuthi
Bus
Truck
Pick-up/Mini-truck
/tractor
Car/Microbus
CNG
Motor Bike
Rickshaw/bicycle/other
small vehicles
Pedestrian
Combined

Before (4.5 hours)
458
7,6%
328
5,4%

After (4.5 hours)
488
8,7%
380
6,8%

289
591
2257
293

4,8%
9,8%
37,4%
4,9%

391
655
1502
278

7,0%
11,7%
26,8%
5,0%

102
64
-755
-15

320
1495
6031

5,3%
24,8%

523
1389
5606

9,3%
24,8%

203
-106
-425

Kunderpara
Before (4.5 hours)
After (4.5 hours)
Bus
455
7,9%
517
9,2%
Truck
428
7,5%
385
6,8%
Pick up/Mini truck
/tractor
153
2,7%
426
7,5%
Car/Microbus
713
12,5%
727
12,9%
CNG
798
13,9%
490
8,7%
Motor Bike
294
5,1%
349
6,2%
Rickshaw/bicycle/other
small vehicles
645
11,3%
379
6,7%
Pedestrian
2238
39,1%
2372
42,0%
Combined
5724
5645
Table II: Traffic count data Kunderpara and Nilkuthi (Before and After) – 4.5 hours
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Difference
30
52

Difference
62
-43
273
14
-308
55
-266
134
-79

4.2 Travelling speeds
Figure 6 shows that for all intervention locations the speed in the After Period is significantly lower for
all type of road users (bus, car, truck) with maximum difference shifts that range from 0.51 till 0.79
(Kolmogorov-Smirnov tests, p<0.000).

Figure 6: Cumulative distributions of speed (km/h) for the three intervention locations Before and After
by type of road user (bus, truck and car) - after3 relates to speed measurements November 2015
Figure 7 reveals that the speed curves at the control locations differ a little between before and after for
some type of road users. At Gashirdia the speed of buses in the After period is somewhat lower than in
the Before period (max. diff.= 0.202, Kolmogorov-Smirnov test p<0.05). The speed curves of trucks
and cars do not differ significantly at the p<0.05 level (max. diff. = 0.104 and 0.156, respectively). At
Gabtoli bus stand both buses and trucks have a somewhat lower speed in the after-period (max. diff. =
0.235 and 0.240, respectively, Kolmogorov-Smirnov tests p < 0.025). The speed of cars does not differ
significantly (max. diff.= 0.127, n.s.). An inspection of the road surface condition indicated that the road
surface had deteriorated over time, and most likely may be a contributing cause of the speed reduction
at Gabtoli bus stand.

9(21)

Gashirdia

Gabtoli bus stand

Figure 7: Cumulative distributions of speed (km/h) for the two control locations Before and After by
type of road user (Bus, Truck and Car) - After3 relates to speed measurements November 2015
Tables III to V show the speed data for the pair Kunderpara and Gashirdia and Tables VI to VIII show
the speed data for the pair Nilkuthi and Gabtoli bus stand. Table IX shows the speed data for the
Namapara intervention. Data shown is average speed in km/h.
Kunderpara

Before

After

Reduction percentage

Bus

72,3

58,5

13,7

Truck

53,2

39,3

13,9

Car

75,7

54,6

21,1

Combined
(unweight average)

67,1

50,8

16,2

Baseline

Nov-15

Delta

Bus

75,6

71,5

4,1

Truck

51,3

50,2

1,1

Car

76,1

75,1

1,1

Combined
(unweight average)

67,7

65,6

2,1

Table III: Kunderpara: before and after speed data
Gashirdia

Table IV: Gashirdia: before and after speed data
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Kunderpara (net impact)

Net reduction (km/hr.)

% Reduction vs. baseline

Bus

9,7

13%

Truck

12,8

24%

Car

20,0

26%

Combined
(unweight average)

14,2

21%

Table V: Net speed reduction in Kunderpara (after correction for effect in Gashirdia)
Nilkuthi

Baseline

Nov-15

Delta

Bus

68,7

54,6

14,0

Truck

53,8

40,3

13,5

Car

75,3

55,3

20,0

Combined
(unweight average)

65,9

50,1

15,9

Baseline

Nov-15

Delta

Bus

70,1

65,7

4,4

Truck

52,9

48,6

4,3

Car

73,5

72,0

1,5

Combined
(unweight average)

65,5

62,1

3,4

Table VI: Nilkuthi: before and after speed data
Gabtoli bus stand

Table VII: Gabtoli bus stand: before and after speed data
Nilkuthi (net impact)

Net reduction (km/hr.)

% Reduction vs. baseline

Bus

9,6

14%

Truck

9,2

17%

Car

18,5

25%

Combined
(unweight average)

12,4

19%

Table VIII: Net speed reduction in Nilkuthi (after correction for effect in Gabtoli bus stand)
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Namapara

Baseline

Nov-15

Delta

Bus

68,7

54,6

14,0

Truck

53,8

40,3

13,5

Car

75,3

55,3

20,0

Combined
(unweight average)

65,9

50,1

15,9

Table IX: Namapara: before and after speed data
Nilsson (1982) quantified the relationship between speed and injury severity on the basis of kinetic laws.
For fatal accidents, the effect of a change in average speed can be expressed by the formula:
IC2 = IC1 (v2/v1)4
With IC2 being the number of injury crashes after the change in speed, IC1 the initial number of injury
crashes, v2 the average speed afterwards and v1 the initial average speed. Elvik (2009) refined this
relationship and made a distinction between urban roads and rural roads. For rural roads, which are
under consideration in this study, the best-estimate exponent for fatal accidents is 4,1 (versus 4,0 in
Nillson’s original formula). Table X shows the estimated reduction in fatalities using Nilsson’s and
Elvik’s formula’s. For the two locations combined, the average estimated reduction in fatalities in 59%
using Nilsson’s formula and 60% using Elvik’s formula.
Estimated reduction in
fatalities

Nilsson’s formula

Elvik’s formula

Kunderpara

61%

62%

Nilkuthi

57%

58%

Average for 2 locations

59%

60%

Table X: Estimated reduction in fatalities using Nilsson’s (1982) and Elvik’s (2009) formulas

4.3 Road accidents
As mentioned in paragraph 3.4 the Before period ranges from June 1st 2013 to December 31st 2014 (19
months) and the After period from May 1st 2015 to January 31st 2016 (9 months). Table XI shows the
total number of accidents, injuries, and fatalities in the Before and After periods. The numbers shown
are the combined totals for the 3 intervention locations.
Total for period (3 locations
combined)

Before (19 months)

After (9 months)

Number of accidents

175

28

Number of injuries

377

48

Number of fatalities

19

3

Table XI: Number of accidents, injuries, and fatalities in Before and After period
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Table XII shows the fatalities in the Before period in all three intervention locations, categorized by type
of road crash. Pedestrians account for 63% of all fatalities (12 out of 19) and motorbikes for 16% (3 out
of 19). What Table XII also reveals is that pedestrian fatalities in the Before-period resulted from a
number of different crash-types (bus, truck, minibus, car, and motorbike) of which bus-pedestrian
crashes accounted for relative most fatalities. Pedestrians accounted for 21% of all injuries in the Before
period.
Road user 1

Road user 2

Number of deaths

Share of total

Bus

Truck

1

5,3 %

Bus

CNG

2

10,5 %

Bus

Motorbike

2

10,5 %

Bus

Pedestrian

4

21,1 %

Truck

CNG

1

5,3 %

Truck

Pedestrian

3

15,8%

Minibus

Pedestrian

1

5,3%

Car

Pedestrian

2

10,5 %

Motorbike

Motorbike

1

5,3%

Motorbike

Pedestrian

2

10,5 %

19

100,0 %

Total of fatalities

Table XII: Overview of fatalities in the Before-period in the intervention locations by type of road crash
(June 2013 – December 2014)
Since the completion of the speed hump, there have been 3 fatalities in the intervention locations. All
three fatalities resulted from a bus-passenger crash. In the first fatality (August 2015), an adult man
jumped off a bus that was still driving and his clothes got caught under the wheels of the bus. In the
second fatality (October 2015), a bus hit young boy who was crossing the highway. In the third fatality,
a bus hit an adult who was crossing the highway (November 2015).
Figure 8, 9, and 10 show the monthly totals for the number of accidents, the number of injuries, and the
number of fatalities respectively. We have excluded the numbers for the months during which the speed
humps were installed (Jan 2015 – April 2015).
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jun-13
jul-13
aug-13
sep-13
okt-13
nov-13
dec-13
jan-14
feb-14
mrt-14
apr-14
mei-14
jun-14
jul-14
aug-14
sep-14
okt-14
nov-14
dec-14
jan-15
feb-15
mrt-15
apr-15
mei-15
jun-15
jul-15
aug-15
sep-15
okt-15
nov-15
dec-15
jan-16
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Figure 8: Total number of accidents per month in the Before and After period
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Figure 9: Total number of injuries per month in the Before and After period
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Figure 10: Total number of fatalities per month in the Before and After period
Table XIII compares the average numbers per month for the Before and After period. The Table shows
an average reduction in the number of accidents of 66%, in the number of people killed of 67% and in
the number of injuries of 73%. The T-test shows that the results for the reduction in number of accidents
and in the number of injuries are significant at p < 0.01. The result for the reduction in the number of
fatalities is only significant at p < 0.10.
Nr of accidents
per month
9,2
5,3

Nr of people killed
per month
1,0
1,3

Nr of people injured
per month
19,8
12,0

After interventions
Standard deviation

3,1
1,6

0,3
0,5

5,3
3,0

Reduction (absolute)
Reduction %

6,1
66%

0,7
67%

14,5
73%

Before interventions
Standard deviation

T value (26 degrees of
freedom)
3,34
1,53
3,55
Level of significance
p< 0.01
p < 0.10
p < 0.01
Table XIII: Accident statistics for the three intervention locations combined (before – after comparison)
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For pedestrians, comparison between Before and After period reveals a reduction in the average number
of accidents of 65% while the average number of pedestrian injuries declined by 81%.
The average number of fatalities declined by 47%, caused by the bus-passenger crashes in the After
Period. We note that if the man jumping off the bus (fatal accident in August 2015) had not done that –
jumping off is an event which one cannot really prevent through speed management – the reduction in
fatalities would have been 65%, much more in line with the other numbers.

4.4 Conflict observation (DOCTOR) using video recordings
As standard practice, the DOCTOR method requires a total conflict observation period of 18 hours.
Thus we started by selecting 18 hours of video recordings at Nilkuthi for scoring conflicts in the Before
period, spread over 3 days (Monday, Wednesday, Friday (day off in Bangladesh)), 6 hours per day, 810, 10-12 and 16-18h. As we analysed these videos it became clear that slight conflicts according to the
DOCTOR technique (severity category 1-2) are considered as more or less normal behaviour in the
Bangladesh setting. Therefore, we decided to focus our analysis on the severe conflicts (severity
category 3-5) only.
Following this analysis we found out that the number of serious conflicts was relatively high (i.e., 202
serious conflicts for 18 hours of observation), and it was considered sufficient and time wise more
efficient to reduce the number of hours to be analysed with a factor of four, and limit the analysis to 4.5
hours in total per location and per period (Before and After). The 4.5h periods were selected without
prior knowledge of the number of conflicts.
Table XIV gives an overview of the quarter of hours that were included in the analysis for this paper.
For Namapara we do not have the conflicts available yet. Van der Horst et al (2016) describe the number
and distribution of serious conflicts in Namapara and provide additional information on the Before and
After conflicts in Nilkuthi and Kunderpara.

Location

Nilkuthi

Before

After

Date 2014 Time

Date 2015

Time

March 10

Nov. 9

8:00-8:15; 9:1 5-9:30;

March 12

March 14
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8:00-10:00
10:00-12:00

10:30-10:45; 11:45-12:00

16:00-18:00

16:15-16:30; 17:00-17:15

8:00-10:00

Nov. 11

8:15-8:30; 9:30-9:45;

10:00-12:00

10:45-11:00; 11:30-11:45

16:00-18:00

16:30-16:45; 17:00-17:15

8:00-10:00

Nov. 6

8:30-8:45; 9:45-10:00;

10:00-12:00

11:00-11:15; 11:45-12:00

16:00-18:00

16:45-17:00; 17:15-17:30

Kunderpara

March 31

March 26

March 28

8:00-8:15; 9:1 5-9:30;

Nov. 2

8:00-8:15; 9:1 5-9:30;

10:30-10:45; 11:45-12:00

10:30-10:45; 11:45-12:00

16:15-16:30; 17:30-17:45

16:15-16:30; 17:00-17:15

8:15-8:30; 9:30-9:45;

Oct. 28

8:15-8:30; 9:30-9:45;

10:45-11:00; 11:30-11:45

10:45-11:00; 11:30-11:45

16:30-16:45; 17:45-18:00

16:30-16:45; 17:15-17:30

8:30-8:45; 9:45-10:00;
11:00-11:15; 11:45-12:00
16:45-17:00; 17:45-18:00

Oct. 30

8:30-8:45; 9:45-10:00;
11:00-11:15; 11:45-12:00
16:45-17:00; 17:15-17:30

Table XIV: DOCTOR observation periods from video for the two intervention locations in the Before
and After period.

4.4.1 Nilkuthi Before – After
The 4.5h period analyses revealed that the number of serious conflicts was reduced from 56 in the Before
period to 38 in the After period (Figure 11). This reduction in serious conflicts (18 or 32%) is significant
at the p<0.05 level (Poisson distributed variables). When we take the road user volumes into account by
the number of conflicts/volume, then we see a reduction in conflict risks of 28% (38/5.606 After versus
56/6.031 Before).
In addition, Figure 11 indicates a shift to the left in conflict severity, implying that the conflicts in the
After period are less severe than in the Before period with no conflicts of the highest level 5 anymore.
Conflicts with severity 5 represented 12,5% of serious conflicts in the Before period.

Figure 11: Nilkuthi - total number of serious conflicts Before and After (per severity)
Figure 12 shows the relative involvement in serious conflicts by type of road user. It appears that buses
(road user type 1) represent the largest proportion involvement (34% Before, 30% After), followed by
CNGs (road user type 4) and cars (road user type 3). Pedestrians are represented in 6% and 8% of serious
conflicts in the Before and After period, respectively.
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Figure 12: Nilkuthi Before versus After: relative involvement (%) in serious conflicts by type of road
user (1 = Bus, 2 = Truck, 3 = Car/microbus, 4 = CNG, 5 = Motor bike, 6 = Rickshaw/bicycle, 7 =
Pedestrian, 8 = Light motorized vehicle, 9 = Other).

4.4.2 Kunderpara Before – After
In Kunderpara the number of serious conflicts was reduced from 73 to 22 in the After period (Figure
13), a larger reduction than in Nilkuthi. This reduction in conflicts (51 or 70%) is significant at the
p<0.01 level (Poisson distributed variables). When we take the road user volumes into account by the
number of conflicts/volume, we see a reduction in conflict risks of 67% (22/5.645 After versus 73/5.724
Before).
Like in Nilkuthi, Figure 13 shows a shift to the left in conflict severity, implying that the conflicts in the
After period are less severe than in the Before period with no conflicts in the most severe category
anymore. This effect in Kunderpara was also stronger than in Nilkuthi.

Figure 13: Kunderpara - total number of serious conflicts Before and After (per severity)
Figure 14 shows the relative involvement in serious conflicts by type of road user. Buses (road user type
1) represent the largest proportion involvement in the After period (40.5% versus 25% in the Before
period), followed by cars/microbuses (road user type 3) with around 25%. CNGs (road user type 4) have
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a lower share in serious conflicts than in Nilkuthi. Pedestrians are represented in 6.5% and 12% of the
serious conflicts in the Before and After period, respectively.

Figure 14: Kunderpara Before versus After: relative involvement (%) in serious conflicts by type of road
user (1 = Bus, 2 = Truck, 3 = Car/microbus, 4 = CNG, 5 = Motor bike, 6 = Rickshaw/bicycle, 7 =
Pedestrian, 8 = Light motorized vehicle, 9 = Other).

4.4.3 Summary results DOCTOR
For the 2 locations together, the total number of serious conflicts (only DOCTOR scores 3, 4, and 5)
was significantly reduced from 65 serious conflicts per location in a 4.5 hour period before to 30 serious
conflicts in the after period, on average (Poisson distributed variable, p < 0.01), or a 54% reduction in
relative terms (52% reduction when taking the traffic volumes into account). Besides, no conflicts of the
highest severity category occurred in the after period.

5. CONCLUSIONS
The integrated program of speed reducing measures on a highway that passes through villages in
Bangladesh combined with active community involvement and road user education has shown a
reduction in travelling speeds in the villages and, most probably, as a result a reduction in road traffic
fatalities and injuries of around 60%.
Speed reduction of high-speed motorized traffic is the main cause of the observed reduction in accidents,
injuries, and fatalities. A large benefit of the community program has been the general acceptance of the
small-scale infrastructural measures.
Obtaining reliable data on road traffic injuries and risk factors in LMICs is a complex undertaking while
at the same time it is essential to implement effective road safety programs. The selected combination
of three monitoring and evaluation methodologies may well be useful in a large number of different
settings in LMICs, enabling the collection of complete and reliable road crash data at relatively low cost,
without being dependent on incomplete and biased accident data records. The use of local accident
record keepers has been both effective and efficient in terms of data gathering.
In addition, the use of local record keepers has enhanced the acceptance by the local community of the
integrated speed management program. In our next studies we will also use record keepers in control
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locations. Speed measurement using a laser gun at intervention and control locations provided valuable
data that could be made available in a relatively short period of time.
This study is this first application of the DOCTOR method in a LMIC. We can confirm that the
DOCTOR approach is also suitable for low- and middle-income countries, especially in combination
with speed measurements. Video analysis is valuable for analysing conflicts and accidents in LMICs.
Video recordings give the possibility to observe the situation multiple times (which is not possible as
human observer) and furthermore we found that it is very difficult as a human observer to observe and
assess near accidents in chaotic traffic situations (poor visibility, different near accidents at the same
time). In addition, we found that the video analysis is valuable for training purposes.
As there are thousands of locations in LMICs with similar characteristics to the selected locations in
Bangladesh, this program may well offer road safety improvements of a similar range of magnitude
elsewhere. We would like to suggest that speed management interventions are not only used to improve
existing dangerous roads in LMICs, but also are included in an integral way in the design of new
infrastructure. An additional advantage of the integrated speed management program is that it can be
implemented relatively quickly (in 6 to 12 months) and that the cost-effectiveness is very high. Our
calculations suggest a ‘cost per DALY saved’ of below USD 100.
We would like to suggest three specific areas of future research based on this study. Firstly, we would
like to investigate traffic calming in city environments in LMICs. As discussed in paragraph 1.2, few
road safety trials involving traffic calming by infrastructural measures have been held in LMICs, either
in cities or outside cities. With the increasing numbers of people living in, and moving to and from cities,
finding and evaluating effective road safety solutions for LMIC cities is becoming ever more important.
Secondly, we would like to investigate interventions to further reduce the speed of fast-moving traffic
in general and buses in particular. Buses account for a high share of the harm that this inflicted on
vulnerable road users. Finally, we would like to investigate the potential of an integrated speed
management program in a large number of locations in LMICs with the joint aim of significantly
improving road safety and generating valuable road safety data on (cost-) effectiveness and
implementation challenges and solutions.
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