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Abstract 

Walking accounts for the dominant share over other modes of transport in Ethiopia. In the course of walking from place to place 

in built-up areas, pedestrians cross road-traffic streams that pose a risk of road crash fatalities and injuries. Pedestrian’s crossing 

behavior and the risk of pedestrian crashes vary with various factors including pedestrians’ physical and mental states, safety 

awareness, and socioeconomic characteristics as well as the adequacy of road crossing facilities. The aim of this research is to 

investigate and model the gap acceptance behavior of pedestrians at road mid-block crossings in Bahir Dar City. A field survey 

was carried out at four road mid-block pedestrian crossing locations on different streets of Bahir Dar city. Pedestrian crossings 

were videotaped in real traffic conditions and variables of pedestrian characteristics and their road crossing behaviors, vehicular 

and roadway characteristics were extracted using playback technique with AVS Video Editor Software and analyzed using SPSS-

20. The statistical analysis of the combined data resulted in critical (50th percentile) and 85th percentile accepted gaps of 5.0 

seconds and 7.2 seconds to cross at road mid-blocks, respectively. Multiple linear regression (MLR) and binary logistic regression 

(BLR) analyses showed pedestrian road crossing behavior as the main factor for both pedestrian gap acceptance and crossing 

decision compared to driver, roadway, and vehicular characteristics. 
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1. Introduction 

Walking is the dominant mode of personal mobility in low- 

and middle-income countries, as is the case in Bahir Dar City. 

Despite high pedestrian traffic volumes, road-crossing facili-

ties are not adequately available for pedestrians to cross traffic 

streams safely. This forces pedestrians to cross traffic at road 

mid-blocks and intersections randomly, which negatively im-

pacts the safety of pedestrians in the city. It is worth mention-

ing a recent study conducted in Bahir Dar city [1] in which 

pedestrian road fatalities were found to constitute 89% of all 

road crash deaths. This aligns with broader national safety 

concerns about high-risk pedestrian safety variables in similar 

metropolitan corridors assessed using ordinal logistic regres-

sion techniques [14]. 

This paper presents a study conducted on pedestrians' gap 

acceptance behavior when crossing at road mid-blocks. Mod-

els were developed for minimum accepted pedestrian gaps and 
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crossing decisions with selected variables such as pedestrian 

characteristics and their road crossing behaviors, driver and 

traffic characteristics, and roadway features. Pedestrian gap 

acceptance behavior is closely related to the road crash risk-

taking behavior of individuals. The findings of this investiga-

tion are thus highly beneficial to policymakers, transport plan-

ners, and traffic engineers in the provision of pedestrian facil-

ities as part of road infrastructure. 

2. Literature Review 

Ethiopia is one of the low and middle-income countries 

where built-up areas are dominated by a high volume of pe-

destrians crossing erratically at road mid-blocks even where 

traffic is speeding, which poses a high risk of pedestrian road 

crashes [2]. In Ethiopian cities like Dukem, Shanko et al. 

showed that pedestrian gap acceptability in mixed traffic en-

vironments is still quite vulnerable to diverse vehicle splits 

and unexpected traffic dynamics [15]. Pedestrian safety at 

mid-block crossings depends on pedestrians’ road crossing be-

havior, roadway, and traffic characteristics. Researchers have 

shown how pedestrian road crossing behavior at road mid-

blocks follows the gap acceptance theory [3, 4]. 

Normally, pedestrians tend to cross a street following a zig-

zag path (rolling) to use smaller gaps instead of waiting for 

larger gaps [4, 5]. A study in Egypt investigated mean ac-

cepted gap sizes for street crossings with and without rolling 

and found them to be 2.76 s and 5.22 s, respectively [6]. Schol-

ars in India have also investigated the rolling behavior of 

crossing pedestrians in gap acceptance [4, 7, 8]. Kadali et al. 

[8] found mean accepted gaps of 3.05 s and 5.38 s for cross-

ings with and without rolling, respectively. The effect of walk-

ing speed was also studied by Brewer et al. [5] and Kadali and 

Vedagiri [4]. Alver and Katanalp [16] successfully established 

integrated analytical frameworks that use hierarchical or fuzzy 

logic approaches to describe spatial gap measures at semi-con-

trolled crossing layouts in order to handle these behavioral un-

certainties more thoroughly. Moreover, Kadali and Vedagiri [4] 

found that pedestrian-accepted gap sizes increased with pe-

destrian platoon size. Alajnaf et al. [3] also investigated the 

effect of long waiting times, which often lead pedestrians to 

make a wrong judgment to arbitrarily accept smaller gaps. 

Studies have shown the effect of vehicle speed on the size 

of gap acceptance [6, 9, 10]. Yannis et al. [11] indicated that 

pedestrians accept larger gaps when facing larger vehicles. 

Furthermore, Kadali and Vedagiri [4] found a significant ef-

fect of vehicle type on gap acceptance on two-lane and four-

lane divided roads as compared to six-lane divided roads. Sun 

et al. [12] found a significant reduction of pedestrian gap size 

with the increase in driver yield behavior at crosswalk loca-

tions. Additionally, recent international research in urban net-

works in low- and middle-income countries (LMICs) has 

shown that inconsistent vehicle yielding behavior places the 

full risk calculation load on crossing pedestrians, compelling 

them to reduce their temporal clearing thresholds [17, 18]. On 

the other hand, the effect of zebra crossings on gap acceptance 

under mixed traffic conditions is less [4]. Marked crosswalks 

were associated with a higher pedestrian crash rate compared 

to unmarked crosswalks [9]. Conversely, the advantage of a 

median on gap acceptance was indicated in another study 

since medians provide a secure crossing in two stages [4]. 

3. Materials and Methods 

This study was conducted on four arterial road mid-block 

pedestrian crossing locations in Bahir Dar city. The sites were 

selected on unobstructed road sections considering the nature 

of frontage land uses, pedestrian and traffic volumes far from 

road intersections and access roads, as summarized in Table 1. 

The selected road sections are two-way dual carriageways 

with uniform roadway widths and median openings. 

Table 1. Land use, traffic, and roadway characteristics of study sites. 

Selected Site Land Use 

Presence of 

Crosswalk 

Marking 

Road Cross-section Width (meter) 
Traffic 

Volume 

Pedestrian 

Volume 
Left Median Right 

Kuchit Market Center Market Center Yes 10.4 2.55 10.5 1,091 797 

Zenbaba Pension Mixed Use Yes 10.3 2.5 10.3 1,532 251 

Martyrs’ memorial monument Offices & Services No 10.3 1.9 10.3 1,208 108 

Habesha guest house Residential Yes 10.3 1.9 10.3 1,240 84 

 

The site characteristics and road geometry data were col-

lected from the four road mid-blocks through field observa-

tions and measurements as appropriate. Video recording was 

conducted using high-resolution cameras for recording both 

vehicular and pedestrian flows during 07:00–10:00 and 
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15:30–18:30. Using the AVS Video Editor software, all re-

quired data was extracted using a playback technique with mi-

crosecond accuracy. Table 2 shows gaps extracted from the 

video records. The total number of accepted (including lags) 

vehicular gaps extracted from the video was 726. The largest 

rejected gaps were also recorded for binary logistic regression. 

Table 2. Gaps extracted from video records. 

Study Site Duration Total number of gaps accepted Total number of largest gaps rejected 

Kuchit Market Centre 30 minutes 324 307 

Zenbaba Pension 1 hour 176 160 

Martyrs Memorial Monument 1 hour 69 48 

Habesha Guest House 2 hours 157 114 

 

Pedestrian characteristics (sex, age, etc.), pedestrian cross-

ing behaviors (rolling, skew crossing, cellphone usage, cross-

ing speed, platoon size, etc.), vehicular characteristics (vehicle 

type, travel lane, speed, etc.), roadway characteristics (travel 

lane, adjacent land use, waiting place, etc.), and driver give-

way behaviors were extracted from the video recordings. The 

operating speeds of vehicles were calculated between two 

points indicated prior to videography with a distance ranging 

from 20.0 to 30.0 meters. In general, more than 27 explanatory 

variables were extracted from the video, which are related to 

pedestrian, driver, roadway, and vehicular characteristics. 

Pedestrian road crossing behavior at mid-blocks was inves-

tigated using two types of models. The first model is a multi-

ple linear regression (MLR) technique which was used to re-

late the minimum accepted gaps with pedestrian characteris-

tics and their crossing behaviors, driver, vehicular, and road-

way characteristics as follows: 

𝐿𝑜𝑔 − 𝐺𝑎𝑝 = 𝛽0 + 𝛽1𝑋1 + 𝛽2𝑋2+. . . . . . . . . . . . +𝛽𝑛𝑋𝑛 (1) 

Where Log-Gap = logarithm of accepted gaps; X1-n = ex-

planatory variables; β1-n = estimated parameters; β0 = con-

stant. 

The second model is a binary logistic regression (BLR) 

used to predict the probability of a pedestrian deciding to cross 

or reject based on a linear combination function (utility func-

tion) expressed as: 

𝑈𝑖 = 𝛼𝑖 + 𝛽𝑖1𝑋1 + 𝛽𝑖2𝑋2 +⋯+ 𝛽𝑖𝑛𝑋𝑛      (2) 

Where Ui = the utility of choosing alternative i; i = the al-

ternative (accept/reject); n = number of independent variables; 

αi = constant; βi-n = coefficients. 

The utility of alternative ‘i’ was transformed into a proba-

bility to predict whether a particular available gap was chosen 

or not. The probability of a pedestrian to cross a street can be 

given as: 

𝑝(𝑖) = (𝑒
𝑢𝑖

𝑒𝑢𝑖 + 1⁄ ) ∗ 100           (3) 

Where Ui: the utility of choosing alternative ‘i’; P (i): the 

probability of choosing alternative ‘i’; where i =1 for the ac-

cepted gap, and i = 0 for the rejected gap. 

4. Results and Discussion 

The cumulative percentage of pedestrians accepting or re-

jecting gaps was plotted in accordance with Raff’s definition 

of determining critical gaps at which 50% of the waiting pe-

destrians accepted the available gap for crossing at the differ-

ent study sites. Accordingly, the average and 85th-percentile 

crossing speeds and pedestrian gap acceptances found at each 

site are as summarized in Table 3. 

Table 3. Pedestrian crossing speed and gap acceptance for each study site. 

Study site 

Crossing Speed in m/s Gap Acceptance (sec) 

Average 85th-percentile Critical gap (50%) 85%-percentile 

Martyrs Memorial Monument 1.35 1.58 6.80 7.60 

Habesha Guest House 1.59 2.00 6.50 9.10 

Kuchit Market Center 1.57 1.98 4.40 6.40 
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Study site 

Crossing Speed in m/s Gap Acceptance (sec) 

Average 85th-percentile Critical gap (50%) 85%-percentile 

Zenbaba Pension 1.40 1.73 4.80 6.50 

Combined data 1.51 1.87 4.97 7.20 

 

Figure 1 shows the effect of zebra crossings on pedestrian 

gap acceptance. A one-way analysis of variance was con-

ducted; however, the mean gap acceptance at marked and un-

marked crossings was not found to be significantly different. 

This result is a reflection of drivers’ failure to yield to pedes-

trians at a marked zebra crossing in accordance with the traffic 

regulations in Bahir Dar city. 

 
Figure 1. Effect of marked crossing on the probability of gap acceptance. 

The distribution, skewness, and kurtosis of the continuous 

data were checked. There were no irregularities or extreme 

outliers found in the dataset. The selected variables were also 

normally distributed. The Variance Inflation Factors (VIFs) 

showed the nonexistence of collinearity between variables. 

Furthermore, linearity was tested using a scatter plot of the 

dependent and independent variables. Following the data scru-

tiny, regression analyses were made using BLR and MLR 

methods to investigate pedestrian crossing decisions and min-

imum accepted gaps, respectively. MLR model was developed 

for each site as well as for all the sites using combined data 

with stepwise regression using the Statistical Package for the 

Social Sciences (SPSS, version 20). The significant variables 

were established at 95% confidence level for models for both 

individual sites and combined data. According to the results of 

the analyses, pedestrians’ safety margin, crossing speed, roll-

ing behavior, type of gap, and vehicular arrival rate were 

found to be the most important factors that significantly influ-

ence the minimum gap acceptance. 

Table 4. Pedestrian gap acceptance models at individual sites. 

Location MLR model equation R-square 

Martyrs Memorial Monument Log-gap = 1.254 + 0.03*SM-0.212*PCS + 0.107*TOG-0.412*VAR-0.033*Rbeh 0.915 
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Location MLR model equation R-square 

Habesha Guest House 
Log-Gap = 0.988 + 0.026*SM-0.089*PCS + 0.161*TOG-0.747*VAR + 0.039*Rbeh + 

0.038*PWP + 0.002*WT 
0.942 

Kuchit Market Center 

Log-gap = 0.8 + 0.037*SM-0.607*VAR + 0.111*Rbeh-0.102*PCS + 0.007*WT + 

0.138*TOG + 0.053*PWP-0.035*NODC + 0.034*VTL + 0.047*PScc + 0.016*PPS + 

0.023*PCD 

0.802 

Zenbaba Pension 
Log-gap = 1.306 + 0.034*SM-0.617*VAR + 0.008*WT-0.298*NOBC-0.112*PCS-

0.086*SOC + 0.051*Rbeh + 0.026*VD 
0.894 

 

Table 4 presents the summary of the MLR models for each 

site. The Martyrs Memorial Monument model has a fewer ex-

planatory variables while the Kuchit Market Center site model 

has a more explanatory variables. Kuchit Market has a higher 

number of pedestrians where many try to cross the road using 

different crossing gestures due to slower vehicle speed. The 

Martyr’s Memorial site, on the other hand, has higher vehicle 

arrival rate and traffic speed which prevented pedestrians from 

accepting smaller gap sizes. 

The MLR model developed for the combined data is: 

Log − gap = 1.274 + 0.03 ∗ SM − 0.78 ∗ VAR + 0.006 ∗ WT − 0.106 ∗ PCS + 0.052 ∗ Rbeh + 0.126 ∗ TOG + 0.042 ∗

PWP + 0.023 ∗ VTL + 0.001 ∗ VS − 0.131 ∗ DYB − 0.036 ∗ SOC − 0.1 ∗ PCT − 0.097 ∗ PPcc − 0.089 ∗ NOBC   (4) 

Where Log-gap = Logarithm of pedestrian accepted gap 

size; SM = Safety margin (sec.); PCS = Pedestrian crossing 

speed (m/s); TOG = Type of gap; VAR = Vehicular arrival rate 

(Vehicle/ second); Rbeh = Rolling behavior; PWP = pedes-

trian waiting place; WT = waiting time (sec.); NODC = num-

ber of Observations of the incoming vehicles; NOBC = num-

ber of Observation of the incoming vehicles before starting to 

cross; VTL = vehicular travel lane; PScc = pedestrian speed 

change condition; PPcc = pedestrian path change condition; 

PPS = Pedestrian platoon size; SOC = Stage of crossing; VD 

= Vehicular direction; DYB = driver yield behavior; PCT = 

Pedestrian crossing tactics; VS = Vehicle speed at crosswalk 

locations (km/hr). 

The estimated coefficient β represents the change in the out-

put variable (gap acceptance) due to unit change in the input. 

The sign of beta (β) indicates an increase or decrease in ac-

cepted gap size with a change in independent variables. The 

standardized beta describes the elasticity of each of the varia-

bles. For example, an increase of 1% in safety margin results 

in an increase of 58.5% of the traffic gap accepted. In addition, 

a 1% increase in vehicle arrival rate results in a decrease in 

traffic gap acceptance by 41.1%. A homoscedasticity test was 

also performed to ensure the normality of error in terms of the 

accepted gap parameter. Furthermore, the scatter plot was 

used to show a linear relationship between the logarithm of 

pedestrian gap acceptance with the selected 27 explanatory 

variables. The model was validated using 20% of the data 

which resulted in an R-square of 0.887 that indicated a very 

good fit. 

As indicated above, the binary logit regression (BLR) 

model was used to describe pedestrians’ decision to cross a 

street. Both accepted and the largest of the rejected gaps were 

used in the development of the model. The merit of the devel-

oped BLR model was also checked using Hosmer - Lemeshow 

test where the Nagelkerke R Square value of 0.681 provided 

an indication of the amount of variation in the dependent var-

iable explained by the model. In the formulated BLR model, 

the probability (P) of a pedestrian deciding to cross the road at 

mid-block locations is expressed as: 

𝑝 = 𝑒𝑈/(𝑒𝑈 + 1); 

𝑈 = −1.667 + 0.988 ∗ 𝐺𝑎𝑝 − 0.178 ∗ 𝑉𝑇 − 0.022 ∗ 𝑉𝑆 − 0.565 ∗ 𝑉𝐷 − 1.444 ∗ 𝑉𝑇𝐿 + 0.297 ∗ 𝐴𝑔𝑒 − 0.072 ∗ 𝑊𝑇 −

1.621 ∗ 𝑃𝑊𝑃 + 0.706 ∗ 𝐶𝑅𝐼                                      (5) 

Where U = the utility function of choosing to cross the 

road at mid-block crosswalks; CRI = Pedestrian crossing in-

itiation; PWP = pedestrian waiting place; WT = waiting time 

(sec.); VTL = vehicular travel lane; VD = Vehicular direction; 

VS = Vehicular speed (km/hr); VT = Vehicle type; Age = Age 

of pedestrian; Gap = time difference between following ve-

hicles. 

Further analysis resulted in a Pearson correlation of 0.582 

which indicates the moderate capability of the model in pre-

dicting pedestrians’ decision to cross a street. Among others, 

pedestrians’ waiting place and time, vehicle type and speed, 

and age of pedestrians were the factors found significantly af-

fecting pedestrian decision to accept the available gaps. Sen-

sitivity analysis of the significant variables shows that pedes-

trians accept smaller gaps in front of small vehicles such as 

motorcycles, three-wheelers, and vehicles moving at lower 

speeds. 
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5. Conclusion 

The study provided comprehensive results highlighting im-

portant variables related to pedestrians’, drivers’, roadway, 

and traffic characteristics that affect pedestrian road crossing 

behavior. The study revealed critical and 85th percentile ac-

cepted gap sizes of 4.97 s and 7.2 s, respectively. Furthermore, 

the study indicated that zebra marked crossings in Bahir Dar 

city have no significant effect on gap acceptance. Pedestrian’s 

gap acceptance was, however, different at different sites in 

which the critical and the 85th percentile accepted gaps for 

Zenbaba Pension and Kuchit Market Center sites were 4.8 and 

4.4, and 6.5 and 6.4 s, respectively which are comparable to 

the values found in USA and India [5, 13]. These findings are 

substantially supported by recent research on uncontrolled ur-

ban crossings, which revealed that crucial gaps regularly sta-

bilize between 4.0 and 5.5 seconds depending on oncoming 

vehicle velocity [15, 18]. On the other hand, the critical and 

85th percentile accepted gaps at Martyr’s Memorial Monu-

ment and Habesha Guest House sites were 6.8 and 6.5, and 7.6 

and 9.1 s, respectively, which are higher than those found in 

other studies. Among other site conditions, these high ac-

cepted gaps could be attributed to the high traffic speed (40 

km/h) at these sites compared to the traffic speed at Zenbaba 

Pension (30 km/h) and Kuchit Market Center (24 km/h). 

Both the MLR and BLR analyses indicated that multiple 

variables are significantly influencing pedestrians’ gap ac-

ceptance and crossing decision, respectively. In the ML re-

gression analysis using the combined data, 14 explanatory var-

iables out of the 27 considered were found significant with the 

model’s R square value of 0. 85. Pedestrian crossing speed, 

rolling behavior and platoon size, driver yielding behavior, 

and vehicular speed were among the variables found signifi-

cant in the analysis. In the BL regression analysis using the 

combined data, 9 explanatory variables out of the 19 consid-

ered were found significant with the model’s R square value 

of 0.681. Age of pedestrian, waiting time, vehicle types, and 

vehicular speed were some of the variables found significant. 

Abbreviations 

BLR Binary Logistic Regression 

CRI Pedestrian Crossing Initiation Characteristic 

DYB Driver Yield Behavior 

MLR Multiple Linear Regression 

NOBC Number of Observations of Incoming Vehicles 

Before Starting to Cross 

NODC Number of Observations of Incoming Vehicles 

Before Starting to Cross 

PCS Pedestrian Crossing Speed (m/s) 

PWP Pedestrian Waiting Place 

Rbeh Rolling Behavior of Crossing Pedestrians 

SM Safety Margin (Seconds) 

SPSS Statistical Package for the Social Sciences 

Software 

VAR Vehicular Arrival Rate (vehicles Per Second) 

VD Vehicular Direction 

VS Vehicular Speed (km/h) 

VT Vehicle Type Class 

VTL Vehicular Travel Lane 
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