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Research paper

The possible impact of employee absenteeism risk
on a construction project

Magdalena Rogalska!, Zdzis‘aw Hejducki?

Abstract: Worker absenteeism is identi ed as the greatest threat to not meeting the completion date
of a construction project. The purpose of this paper is to quantify the impact of employee absenteeism
risk on the probabilistic lead time of a construction project. Calculations of employee absenteeism risk
values were performed using data from the Central Statistical O ce (Big Data). Probabilistic schedules
with probability density functions (Normal, Exponential, Reyleigh, Triangle, Gamma, Cauchy) with
and without calculated employee absenteeism risk were prepared. Student’s t-test and MAPE analysis of
mean absolute percentage errors were performed to determine di erences between groups. It was found
that with respect to the probability of completing the task in the range of 75 to 95% for all functions, an
unacceptable MAPE error of 32.82% to 69.23% arises. Therefore, the authors postulate that the risk of
worker absenteeism should be considered in every construction process when performing probabilistic
scheduling, i.e., in the Building Information Modeling BIM methodology.
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1. Introduction

The construction industry is burdened with a very high risk related to the employment
of quali ed workers, and consequently their absence from work. 2020 is the year of the
emergence of the infectious disease COVID-19 in the world, which was recognized by
the World Health Organization as a pandemic on March 11, 2020. According to the 2020
Sickness Absence Report of the Department of Statistics and Actuarial Forecasts of March
2020, the disease caused an increase in the number of sickness absence days of employees by
4.4% compared to 2019 [20, 21, 24]. Sickness absenteeism can be caused by: employee’s
own illness, caring for a child, caring for other family members, quarantine related to
COVID-19. Frequent absenteeism caused by illness not only results in additional costs for
employers, but also forces constant changes in the organization of work. Problems in the
transport and communication sector are also signi cant for the construction industry. The
lack of deliveries on time and the reduced mobility of transport companies prevent the
implementation of a number of construction projects, where the necessary materials and
equipment to carry out subsequent works on a given site are missing. According to the
Polish Association of Construction Employers and the Polish Chamber of Commerce for
Road Construction, it signi cantly reduces the construction production capacity and will
a ect the timeliness of contractors who will not be able to meet the previously agreed
commissioning periods. However, regardless of the external and internal situation, it is
necessary to prepare work schedules, taking into account a very important factor of the risk
of absenteeism. The article quanti es the risk of absenteeism of construction workers in
order not only to introduce this value to the schedules in a probabilistic approach but also
to determine the impact on the duration of construction processes under the assumptions
of various distributions of the probability density function.

2. Quanti cation of employee absenteeism

The quanti cation of employee absenteeism was performed on the basis of the data
(BIG DATA) of the Central Statistical O ce in Poland (CSO) for the construction industry.
The data of the Central Statistical O ce include only construction companies employing
more than 8 employees. The number of people employed in construction in thousands is
363.3 (2015), 376.6 (2016), 390.5 (2017), 398.7 (2018), 393.3 (2019)). In fact, the number
of construction workers is estimated at around 1.3 million. Due to the lack of data on
absenteeism of employees in enterprises with fewer than 8 employees, CSO data was used
for the calculations.

According to the 2020 Department of Statistics and Actuarial Forecasting (DSAF)
Report, the disease caused an increase in the number of days of sickness absence by 4.4%
compared to 2019. Due to the lack of data from the Central Statistical O ce for 2020, an
increase in absenteeism in the construction industry was assumed in accordance with the
DSAF data. Therefore, it should be assumed that absenteeism in the construction industry
in 2020 is 26 06% , 4 40% = 30 46%.
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Table 1. Summary of data and calculations of employee absenteeism in the construction industry

The average length of | Average length The sum of Number of | Absence
Year sickness absence in of holiday the number of | working days | from
a year p_atlent's absenteeism day§ of absence in a year work %
own disease per year in a year
[days] [days] [days] [days] [%]
2015 41.00 26 67.00 252 26.59
2016 41.22 26 67.22 258 26.05
2017 39.98 26 65.98 250 26.39
2018 38.40 26 64.40 250 25.76
2019 37.97 26 63.97 251 25.49
Average 39.714 26 65.714 252.2 26.06

3. Reasons for absenteeism in the construction industry

Working in the construction industry is one of the hardest types of work. Employees
must meet the following requirements: physical (fatigue, noise, temperature), mental (high
precision, monotony, a multitude of duties), emotional (negative emotions, quarrels, mis-
understandings). Employees are exposed to di  cult working conditions, negative emotions
and negative assessment of the manager. Actions can be taken to reduce the absenteeism of
employees [3,4,6,15,17 19] by ensuring good working conditions, motivating employees,
clearly de ning professional duties and understanding the meaning of work, generating
positive emotions by receiving accurate feedback, allowing certain autonomy in decision-
making, and others. The basic factors causing the increase and decrease in employee
absenteeism in the construction industry are shown in Figure 1.

»  Negative assessment of the manager

*  Difficult working conditions

e Negative emotions

¢ Mental requirements (high precision,
+ monotony, a multitude of duties)

Physical requirements (fatigue, noise,

temperature)
¢ Emotional requirements (negative emotions

quarrels, misunderstandings)

ABSENTEEISM

«  Autonomy in making decisions

*  Receiving the right feedback decisions

o Clearly defined job responsibilities and
understanding of the meaning of work

*  Social support from superiors and colleagues

Motivation

*  Good working conditions
* Positive assessment
Positive emotions

Fig. 1. Basic factors causing the increase and decrease in employee absenteeism
in the construction industry
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4. Probabilistic scheduling

The construction project consisting of 6 processes P1, P2, P3, P4, P5 and P6, arranged as
in Fig. 3, was analyzed. The minimum, average and maximum times, as well as the project
implementation time, are presented in Fig. 2. The Risky Project Professional program was
used for the calculations.

Task Name | Low Dur | Base Dur | High Dur | Risks | Start ‘ Finish | Resource | Predecessors
1 = =] Building 38 days 0  04/21/21 08:00 06/11/21 17:00
2 = m 13days 13days 16days 0  04/21/21 08:00 05/07/21 17:00 B1
3 = P2 9 days 10 days 14 days 0 05/10/21 08:00 05/21/21 17:00 B2 2
4 E r3 10days 1Sdays 22days 0  05/24/21 08:00 06/11/2117:00 B3 3
5 =] pa 6 days 10 days 16 days 0 05/14/21 08:00 05/27/21 17:00 B4 2+4 days
6 = ps 8 days 12 days 18 days 0 05/20/21 08:00 06/04/21 17:00 BS 2+8 days
7 = ps 3 days S days 7 days 0  05/11/21 08:00 05/17/2117:00 B6 2+1 day
8 [=] sToP 0 days 0 days 0 days 0 06/11/21 17:00 06/11/21 17:00 3,4,586,7

Fig. 2. List of minimum, average and maximum times as well as the duration of the project

maj, 2021 czerwiec, 2021
19 |21 |23 |25 |27 |29 |01 |03 |05 |07 |09 |11 |13 |15 |17 |19 |21 |23 |25 |27 |29 |31 |02 |04 |06 |08 |10 |12

—
I 5+

Fig. 3. Schedule the project construction implementation consisting of 6 processes
P1, P2, P3, P4, P5 and P6 in terms of discrete distribution

Inthe rst stage of calculations, only probability density distributions will be assigned
to individual processes and according to [14] the following distributions were selected:
gamma, Cauchy, exponential, Rayleigh, triangular and normal. In the second stage, each
process was given the risk of employee absenteeism with the value calculated in the
second point of the article equal to 30.46%. The results of the calculations will be used to
analyze the impact of the risk of absenteeism on the probabilistic completion time of the
construction project.

The course of calculations is presented on the example of the normal distribution
of the probability density function. Analogous calculations were made for the remaining
functions being tested.
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In turn, each of the processes was given a normal distribution (Fig. 4). After performing
the Monte Carlo calculations, a probabilistic Gantt chart was obtained (Fig. 4), together
with the results of the calculations (Fig. 5). Next, the probabilities of completing the
construction project were calculated (normal distributions of individual processes). The
probabilities were counted from 5% to 95% at intervals every 5%. The results are shown
in Fig. 6.

Task Information %
General | F | Resources| Advanced | Deadine | Risks  Distributions | Tracking | Branching |
Name: |P‘l
Cost I Income Duration ] Start Time ]

Distribution: [Nomal &3 =

Seed: 599678666 Distribution 0,450
0375,

Low and high are:

0,300

 P1/P99 " PSIPIS " P10/P0

(¢ Use standard deviation parameter 0,225

Std.Dev.Param: — 0,150

0,075

. 0,000, )
e 1250 1300 1350 1400 1450 1500 1550 16,00 169
s rson Dution )

Fig. 4. Information about the P1 process giving a normal probability distribution

Task Name | Low Dur | Base Dur | High Dur | Low Dur | Mean Durl High Dur || Distrib.,Dur |

1 - [= Building 38 days 37,96 days 43 days 46,33 days Undefined

2 = P1 | 13 days 13days 16days 13,58days 4,51day 1545days Normal

3 = r2 | 9days 10days 14days 10,7days 1,49day 124days Normal

4 = pr2 ! 10 days 15days 22days 13,41days 6,83day 1848days Normal

5 = pPs |  6days 10days 16days 864 days 11 days 13,66days Normal

6 = ps | 8days 12days 18days 1085days 13days 1578days Normal

7 = rs | 3days S days 7 days 436days $96days S548days Normal

8 [E sTOP 1 O0days 0 days 0 days 0 days 0 days 0 days Undefined

Fig. 5. A probabilistic schedule in the form of a Gantt chart for a normal distribution
with no risk of absenteeism

Then, the absenteeism risk of 30.46% was introduced to each process. The probabilistic
schedule for the normal distribution of risk-assigned processes is shown in Fig. 7.
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Sth Percentie 37,11 days

10th Percentile 37,96 days

? .
L6%
15th Percentile 38,57 days
L5%
20th Percentile 39,25 days
L4%
25th Percentile 39,85 days
L3%
30th Percentile 40,27 days
12%
35th Percentile 40,82 days
L1%
I 40th Percentile 41,15 days
=_mm 0%

3250 3500 3750 4000 4250 4500 47,50 5000 5250 45th Percentile 41,58 days
Duration (day)
F e e —— [ 50th Percentile 41,96 days
0 S5th Percentile 42,27 days
L100%
400 [ 60th Percentile 42,77 days
L80% ;
65th Percentile 43,24 days
300 | b
L60% | |70th Percentie 43,9 days
200 75th Percentile 44,46 days
L40%
L 0th Percentile 44,91 days
o 120%
85th Percentile 45,5 days
0. ! ! . ! I | . 0% 90th Percentile 46,33 days
30,00 3250 3500 37,50 4000 4250 4500 4750 5000 52,50
Duration (day) 95th Percentile 47,5 days

Fig. 6. Compilation of construction project completion time probabilities for normal distributions
of the probability density functions of P1 P6 processes

Task Name Low Dur | Base Dur | High Dur Low Dur | Mean Dur| High Dur
1 = = Building 38 days 38,47 days 48 days 68,03 days
2 =P | 13 days 13days 16days 13, 71days 17days 2328days
3 = p2 | 9days 10days 14days 1066days 12days 1828 days
4 = p3 I 10 days 1Sdays 22days 13,92days 19days 2647 days
5 =] pa |  6days 10days 16days 895days 12days 18,53 days
6 = ps | 8days 12days 18days 11,03days 15days 21,23days
7 = ps | 3days S days 7days 455days Sdays 839days
8 [E] sTOP 1 0days 0 days 0 days 0 days 0 days 0 days

18 121 124 |27 |30 |03 06 |09 |12 |15 |18 21 |24 |27 |30 02 |0S |08 11 |14 |17 |20 |23 26 |29 |02 |05 08 11 |14 |17 |20 23

s

Fig. 7. Probabilistic schedule in the form of a Gantt chart for normal distribution
with the assigned risk of absenteeism

The probabilities of completing the construction project were calculated (normal dis-
tributions of individual processes, risk of absenteeism 30.46%). The probabilities were
counted from 5% to 95% at intervals every 5% [23]. The results are shown in Figure 8.
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Fig. 8. Summary of the probabilities of the completion time of a construction project for the normal
distributions of the probability density functions of the P1 P6 processes with the assigned risk of
30.46% absenteeism

Analogous calculations were performed [22] for the remaining ve selected probability
density distributions (gamma, Cauchy, exponential, Rayleigh, triangular). The calculation
results are presented in Table 2.

Table 2. Summary of construction project completion times with reference to probability density
distribution and the risk of absenteeism

Probability of task Normal Gamma Cauchy
completion [%] Without With Without With Without With
risk risk risk risk risk risk
5 37.11 37.65 32.01 37.46 32.76 37.50
10 37.96 38.47 32.01 38.34 33.00 38.41
15 38.57 39.34 32.01 39.22 33.24 39.04
20 39.25 40.00 32.02 39.82 33.45 39.72
25 39.85 40.66 32.03 40.36 33.64 40.45
30 40.27 41.09 32.05 41.07 33.81 41.08
35 40.82 41.62 32.09 41.68 34.09 41.49
40 41.15 42.10 32.12 42.14 34.31 41.98
45 41.58 42.66 32.20 42.83 34.55 42.68
50 41.96 43.19 32.29 43.79 34.83 43.06

Continued on next page
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Table 2 [cont.]

Probability of task Normal Gamma Cauchy
completion [%] Without With Without With Without With
risk risk risk risk risk risk
55 42.27 43.99 32.43 44.34 35.03 43.88
60 42.77 44.84 32.57 44.95 35.20 44.63
65 43.24 45.69 32.85 45.80 35.65 45.75
70 43.90 46.90 33.18 46.75 36.11 46.51
75 44.46 48.47 33.59 48.44 36.47 47.40
80 44.91 52.92 33.83 51.85 36.85 51.48
85 45.50 60.39 34.67 59.67 37.35 60.94
90 46.33 68.03 38.22 69.35 38.22 67.71
95 47.50 77.77 40.27 78.58 40.27 75.61
Probability of task Exponential Rayleigh Triangular
completion [%] Without With Without With Without With
risk risk risk risk risk risk

5 36.92 37.50 36.92 37.50 37.11 37.65
10 37.89 38.41 37.89 38.41 37.96 38.47
15 38.50 39.04 38.50 39.04 38.57 39.34
20 39.05 39.72 39.05 39.72 39.25 40
25 39.55 40.45 39.55 40.45 39.85 40.66
30 40.02 41.08 40.02 41.08 40.27 41.09
35 40.64 41.49 40.64 41.49 40.82 41.62
40 41.09 41.98 41.09 41.98 41.15 42.10
45 41.47 42.68 41.47 42.68 41.58 42.66
50 41.91 43.06 41.91 43.06 41.96 43.19
55 42.30 43.88 42.30 43.88 42.27 43.99
60 42.83 44.63 42.83 44.63 42.77 44.84
65 43.19 45.75 43.19 45.75 43.24 45.69
70 43.67 46.51 43.67 46.51 43.90 46.90
75 44.06 47.40 44.06 47.40 44.46 48.47
80 44.80 51.48 44.80 51.48 4491 52.92
85 45.55 60.94 45.55 60.94 45.50 60.39
90 46.14 67.71 46.14 67.71 46.33 68.03
95 46.94 75.61 46.94 75.61 47.50 77.77




THE POSSIBLE IMPACT OF EMPLOYEE ABSENTEEISM RISK . .. 39

5. Results analysis and conclusions

In order to determine the statistical signi cance of the di erences between the groups,
a t-test was performed, assuming a 5% probability of making an error in evaluation (? =
0 05) and the number of freedom equal to 15. The number of degrees of freedom is the
number of independent observation results minus the number of relations linking these
results with each other. In the analyzed case, the number of relations connecting the
results is 4 and they are: the minimum, average and maximum time from the deterministic
schedule and the value of the assigned risk of employee absenteeism  30.46%. The number
of independent results equals 19 the number of analyzed probabilities of completing the
construction project. The (-test critical value for probabilities of 0.05 and 15 degrees of
freedom is 2.131. If the absolute value of the (-test is above 2.131, it will mean that the
hypothesis of equality of variables cannot be accepted the variables will di er [1, 16].
Table 3 shows the results of the (-test signi cance test. The obtained results of the (-test
show that the groups with Gamma and Cauchy distributions di er statistically signi cantly
from each other and from other distributions. On the basis of the test, it was found that the
groups with the assigned risk did not di er from each other. This indicates the dominant
nature of the factor risk of absenteeism in relation to the variable process time probability
density function. Fig. 9 shows the calculations of completion times of the construction
project in terms of the probability density distribution and the risk of absenteeism.

Table 3. Values of the € coe cient of (-test for the process completion times

x| X é < | 5 é
s 2|2z |58 8E |5 e ="
ClE| | |E|&|2/el5]|2|¢
o g P o IE

L
Gama 0.00 |2.79]10.32|10.43|10.32|10.43|5.44|5.56|5.56|5.54|5.56 | 5.53
Cauchy 2.79 |0.00| 8.43 | 855 | 8.43 | 8.55 [4.72|4.80|4.80|4.79|4.80 |4.79
Exponential 10.32(8.43| 0.00 | 0.16 | 0.00 | 0.16 {2.03|1.98[1.98|2.06|1.98|2.06
Normal 10.438.55| 0.16 | 0.00 | 0.16 | 0.00 {1.97|1.92(1.92|1.99/1.92|1.99
Rayleigh 10.32(8.40| 0.00 | 0.16 | 0.00 | 0.16 {2.03|1.98{1.98|2.06|1.98|2.06
Triangular 10.438.55| 0.16 | 0.00 | 0.16 | 0.00 {1.97|1.92(1.92|1.99|1.92|1.99
Gama , Risk 5.44 |4.72| 2.03 | 1.97 | 2.03 | 1.97 |0.00|0.10|0.10|0.00|0.10|0.00
Cauchy , Risk 5.56 |4.80| 1.98 | 1.92 | 1.98 | 1.92 |0.10|0.00|0.00|0.09|0.00|0.10
Exponential , Risk | 5.56 [4.80| 1.98 | 1.92 | 1.98 | 1.92 |0.10|0.00|0.00|0.09|0.00 | 0.01
Normal , Risk 554 |4.79| 2.06 | 1.99 | 2.06 | 1.99 | 0.00|0.09|0.09|0.00|0.09|0.00
Rayleigh , Risk 5.56 [4.80] 1.98 | 1.92 | 1.98 | 1.92 |0.10|0.00|0.00{0.09|0.00|0.01
Triangular , Risk | 5.53 {4.80| 2.06 | 1.99 | 2.06 | 1.99 | 0.00|0.10|0.100.00|0.01|0.00
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Fig. 9. 3D graph of the completion times of a construction project in terms
of the probability density distribution and the risk of absenteeism

Figure 9 clearly shows the non-uniformity of the impact of the risk factor on the time
of task completion, depending on the value of the probability of the completion time. At
around 70% probability of completing the task, the task realization time increases sharply.
Figure 10 shows the probability graphs of the completion time of a construction project for
individual functions of the probability density distributions with and without the assigned
risk of absenteeism.

In order to determine the value of di erences between the groups, an analysis of the
mean absolute percentage errors MAPE (Eq. (5.1)) was performed [2,5,7 12]. The
calculation results are presented in Table 4.

(5.1) MAPE = =
81

where: MAPE  mean absolute percentage error, )  sum of the number of calculation
periods, .g value of the variable in period 8 (without risk), .g» value of the variable in
period § (with risk).

The calculated values of the MAPE errors are shown in Fig. 11.

According to the classi cation proposed by [13] Table 5, the unacceptable MAPE error
is estimated from the value of 15%.

It follows from the adopted assessment that neglecting the impact of employee absen-
teeism as the risk of the construction project implementation time generates a MAPE error
of 32.82% to 69.23% depending on the preset probability density function in relation to the
probability range of the task completion from 75 to 95%. This is a very big error  thus



THE POSSIBLE IMPACT OF EMPLOYEE ABSENTEEISM RISK . .. 41

Fig. 10. Probability graphs of the completion time of a construction project for individual functions
of probability density distributions with the assigned risk of absenteeism and without risk

unacceptable. Very high MAPE errors were recorded in relation to the Gamma and Cauchy
functions in each probability range for completing the task. Failure to take into account the
risk of absenteeism in the calculations used to prepare the schedule generate in these cases
an unacceptable error. With regard to the probability of completing the task in the range
from 5 to 70% for the Normal, Exponential, Reyleigh, Triangle functions, the MAPE error
is small and amounts to about 3%, but for values from 75 95% it is already unacceptable
(32.8 by 34%). The mean value for the 5% to 95% probability of the MAPE error is 11%

therefore it is an acceptable error. Due to the standard requirements of 1SO 15686-5
Buildings and constructed assets  Service life planning, there is a recommendation to
quantify the time with the probabilities of an event consisting in exceeding the time of
a construction project with a value of at least 10, 50 and 90%.



42 M. ROGALSKA, Z. HEJDUCKI

Table 4. Values of the mean absolute MAPE percentages for probabilities of completing the task
in time from 5 to 70%, 75 to 95% and in total from 5 to 95%

. Probability of task | Probability of task | Probability of task
Name of the function . . .
- . completion 5 70% | completion 75 95% | completion 5 95%
of the probability density
MAPE [%]
Normal 2.998616 34.028901 11.164480
Gamma 30.185585 69.233345 40.461311
Cauchy 22.086461 59.549365 31.945120
Exponential 2.948124 32.821066 10.809424
Reyleigh 2.948124 32.821066 10.809424
Triangle 2.998616 34.028901 11.164480

Fig. 11. Bar graphs of the MAPE error values for the probabilities of completing the task in time
from 5 to 70%, 75 to 95% and in total from 5 to 95% between the values with no risk of absenteeism
and with this risk

Table 5. Percentage and linguistic evaluation of MAPE errors [13]

No. The value of MAPE error Linguistic evaluation of the MAPE error
1 0 1% Very small
2 1 3% Small
3 3 5% Medium
4 5 10% Large
5 10 15% Acceptable
6 More than 15% Very large unacceptable
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Therefore, the authors postulate that the risk of absenteeism should be taken into

account in each construction process when performing probabilistic schedules, i.e. in the
Building Information Modeling BIM methodology.
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Probabilistyczne harmonogramowanie przedsifwzif¢ budowlanych
w aspekcie ryzyka absencji pracowniczej

S‘owa kluczowe: absencja pracownicza, ryzyko, czas, BIM, proces budowlany

Streszczenie:

W artykule przeprowadzono kwanty kacjf ryzyka absencji pracownik w budowlanych celem
wprowadzenia tej warto-ci do harmonogram w w ujfciu probabilistycznym oraz okre-lenie wp“ywu
na czas realizacji proces w budowlanych przy za“o»eniach r »nych rozk*ad w funkcji gfsto-ci praw-
dopodobie«stwa. Pominiecie wp“ywu absencji pracowniczej jako ryzyka czasu realizacji przedsif-
wzifcia budowlanego generuje b*jd MAPE o warto-ci 32,82% do 69,23% w zale»no-ci od zadanej
funkcji gfsto-ci prawdopodobie«stwa w odniesieniu do przedzia“u prawdopodobie«stw uko«czenia
zadania od 75 95%. Jest to bardzo du»y b“jd  niedopuszczalny. Bardzo wysokie b“fdy MAPE
zanotowano w odniesieniu do funkcji Gamma i Cauchy w ka»dym przedziale prawdopodobie«stw
uko«czenia zadania. Nieuwzglfdnienie ryzyka absencji pracowniczej w obliczeniach s‘u»jcych do
sporzjdzenia harmonogramu generujj w tych przypadkach niedopuszczalny b“jd. W odniesieniu
do prawdopodobie«stwa uko«czenia zadania w przedziale od 5 do 70% dla funkcji Normal, Expo-
nential, Reyleigh, Triangle b“jd MAPE jest ma'y i wynosi oko“o 3%, ale dla warto-ci od 75 95%
jest ju» niedopuszczalny (32,8 0 34%). Warto-¢ -rednia dla prawdopodobie«stwa od 5 do 95%
b“fdu MAPE wynosi 11% zatem jest to b“jd dopuszczalny. Ze wzglfdu na wymagania normowe
ISO 15686-5 Buildings and constructed assets- Service life planning, istnieje zalecenie kwanty-

kcji czasu z prawdopodobie«stwami wystjpienia zdarzenia polegajjcego na przekroczeniu czasu
realizacji przedsifwzifcia budowlanego o warto-ciach co najmniej 10, 50 i 90%.

W zwijzku z powy»szym autorzy postulujj uwzglfdnianie ryzyka absencji pracowniczej w kax-
dym procesie budowlanym podczas wykonywania harmonogram w probabilistycznych, czyli w me-
todologii Building Information Modeling BIM.
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