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Abstract. This paper is a review of four main methods of analyzing the 
standard time needed to complete a given job: chronometric analysis, 
working-day activity study (working-day photo), work sampling 
observations, and analysis of basic motions. Thanks to the application of 
FAHP (Fuzzy Analytic Hierarchy Process) method, the values of 
weighted coefficients were obtained which describe the importance of 
selecting the criteria of the choice of methods used to analyze the standard 
time in the assembly process. In the summary paragraph of this paper, the 
results of analyzing the criteria are discussed. 

1 Analysing the standard time for a given job 

1.1 General issues concerning the standard time for a given job 

Work can be defined as activities requiring mental and physical efforts, the purpose of 
which is to produce goods and provide services that meet human needs.  

In everyday life an important role is played by gainful work, which is a factor 
determining people’s daily rhythms. From the economic point of view, working time is, 
besides the achieved results, a measure of the amount of work. Working time also 
determines the necessary part of work performed by society, which everyone ought to 
contribute to the production of goods and services which are essential for life and for 
everyone’s development and society. 

The Polish employment code establishes that working time ought to be understood as 
the time during which an employee is at the employer’s disposal in the workplace or in 
another place where an employee does their work [1].  

As for as working time is concerned, standards setting its upper limit should be 
determined. Therefore, the length of working time of an employee can be shorter than or 
equal to the standard, but it cannot be longer.  
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In the engineering industry, working time standard is a technically justified amount of 
time necessary for a specified scope of work to be performed in given technical-
organizational conditions in the workplace, by specified number of workers with specified 
qualifications [2]: 

t = tpz + n · tj                                                   (1) 
 

where:  
t – time standard, 
tpz – set-up time (preparatory – finishing time), 
n – the number of product units in a series manufactured with one setting of a 
machine tool, 
tj – unit time. 

1.2 Research into work practices 

Working time analysis involves using methods and experience in analysing and developing 
work systems in order to facilitate work practices, taking into consideration the following: 
productivity and needs of people as well as cost-effectiveness of a company. 

Analysis and measurements are aimed at, among other things (and provided that 
measurement and/or control system is acceptable [3]), establishing the real workflow (the 
stages in a particular work process) and the way the work was performed, revealing time 
losses resulting from the used method of work (determining production reserves), establishing 
rational ways and methods of work as well as the necessary time to perform it [4]. 

2 Methods of working time analysis 
In industrial practices, various methods of time-use are applied depending on the purpose 
and the subject matter of the research. The most commonly used techniques of work 
standardization include: chronometric analysis, working-day activity study (working-day 
photo), work sampling observations, and analysis of basic motions – MTM [5]. 

The results obtained from working time analysis constitute the material for the 
following: 
• working out time standards for typical activities and workers’ motions, which later will 
constitute a source of numerical data to establish work standards, 
• analysing methods of work in order to rationalize, that is, searching for better ways of 
using specific tasks and activities as well as their right sequence in terms of efficiency, 
• analysing multi-machine working conditions as one of the ways to use the working time 
better, 
• observing flow production lines to achieve better synchronization of them, 
• working out technical standards of time for performing specific operations  in case there 
are no appropriate standards (analytical-measuring method of establishing standards), 
• comparing the ability achieved by individual workers or discovering reasons for their 
inability to achieve 100% of the work standard [4, 6]. 

2.1 Chronomietrtic analysis (stop-watch study analysis) 

It is a method of measuring repetitive operations or their elements (task, activity, workers’ 
motion) designed to determine, on the basis of the specific number of measurements, the 
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appropriate time of their duration and their rational completion at a normal pace of work. 
Chronometric observations can be carried out continuously or randomly [8]. 

In order to make labour-intensive chronometric measurements it is necessary that 
specially prepared (trained) workers should be equipped in appropriate measuring 
instruments. The most commonly used measuring instruments include: watches and 
stopwatches, self-recording measuring instruments, photo- and cinematographic equipment, 
automatic devices for analysis of working time and automatic control devices. 

Depending on the number of employees whose work is observed, the chronometric 
analysis can be carried out for individual workers or a group of them. There are also various 
types of chronometric analysis, including the continuous, random and cyclical ones. When 
it comes to the practical application, the following types of chronometric analysis can be 
enumerated: moving, photographic or selective [5]. 

Table 1 shows advantages and disadvantages of chronometric analysis. 

Table 1. Advantages and disadvantages of chronometric analysis [7, 5]. 

Advantages Disadvantages 
• the most faithful recording of temporal 
sequence of events (reliability), 
• creating a system of information  in complete 
compliance with the real sequence of events, 
• making sure that information is promptly 
available, which means that every piece of 
information obtained in the measurement is 
available within a designated period of time, 
• keeping an accurate record of events on the 
basis of the information derived from 
authoritative sources (reliable), 
• simplifying and increasing the pace of 
preparing information so that it can be used in 
decision-making processes. 

• performing measurements is 
considerably labour-intensive, 
• high costs of performing 
measurements, 
• high focus of attention on the part of   
a timekeeper while measuring with the 
use of a stopwatch without a drag 
pointer, 
• the possibility of lengthening the 
time of making a product by a worker  
 

Figure 1 presents an algorithm showing the procedure in chronometric analysis, 
worked out on the basis of the published literature [5]. 

2.2 Working-day activity study (working-day photograph) 

Working-day activity study involves continuous observing and performing measurements 
of time used at the workstation while taking into consideration the time during which 
employees worked and had breaks. The length of time needed for obtaining one photograph 
(one self-contained working-day activity study) usually overlaps with a period of one 
working shift of its part. The purpose of the photograph is to determine the degree to which 
the working time was used and the value of its real usage which is necessary to work out 
the standard [10]. 

The results of working-day activity study are used for improving the organization of 
production (the organization of work and workstations), for improving material, technical, 
and organizational production security and they are also the starting point for developing 
time standards and machine operation norms [14].   

In order to obtain the working-day photograph, two basic systems of registering time 
are used: the tabular and scale systems. 
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Coefficient of series
content

Getting acquainted with the workers performing the analysed operation

START

Making sure that the used method of work is appropriate

Determining the number of necessary measurements

Making measurements

Analysis of chronometric sequence

Rejecting values which are
grossly diverging from the mean

values

Calculating average values

FINISH

No

Yes

 
Fig. 1. Procedural algorithm [the author’s own study - drawing a diagram]. 

A worker, machine, a worker and a machine at the same time, and also a team of 
workers or a team of workers and machines at the same time are usually subject to 
observations. Depending on the tasks and the kind of objects being observed, the following 
types of photographs of working time can be distinguished: individual, group, team, a 
photograph of one worker operating more machines and finally a self-photograph (the study 
performed by the worker himself/herself [5]. 

Table 2 shows advantages and disadvantages of working-day activity study. 

Table 2. Advantages and disadvantages of working-day activity study [5, 13, 14]. 

Advantages Disadvantages 
• the possibility of doing research even at 
six workstations at the same time with one 
person simultaneously making 
observations and registering data, 
• reliability of mean values which are 
taken into account while determining 
additions of auxiliary time, 
• keeping an accurate record of events (the 
length of time employees work and take 
breaks). 
• simplifying and increasing the pace of 
preparing information so that it can be 
used in decision-making processes. 

• performing measurements is considerably 
labour-intensive, 
• high costs of performing measurements, 
• high focus of attention on the part of   a 
timekeeper while measuring with the use of 
a stopwatch without a drag pointer, 
• it does not take account of a random choice 
of registered real times 
• the possibility of lengthening the time of 
making a product by a worker  
 

Figure 2 presents an algorithm showing the procedure in a working-day activity study, 
worked out on the basis of the published literature [5]. 
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Productivity

Specifying purpose of study

START

Making a division into fractions

Specifying the time limits for performing measurements

Performing measurements

Analysis of results

When a worker
has less than

75% of
productivity

When a worker has more than 75% of productivity

FINISH

No

Yes

Fig. 2. Procedural algorithm [the author’s own study - drawing a diagram]. 

2.3 Work sampling observations 

Work sampling observations have become the basic method designed to analyse working 
time and they are supplanting the traditional Working-day activity study. It involves 
establishing the frequency of predefined types of event sequences in one or several work 
systems, by means of brief observations. These observations can be made on both workers 
and means of production. 

The chronometer (stopwatch) is not used in work sampling observations and, what is 
more, continuous observations by the observer at workstations are not necessary. The 
reason for this is that this method involves using the calculus of probability for observations 
which are made (recorded) at specified intervals.  

In order to transfer the results of work sampling analysis, carried out on a sample, onto 
the whole studied group with a satisfactory reliability, the following conditions have to be 
fulfilled: 
• sample has to be representative, that is, it has to recreate the relations and proportions that 
occur in the whole studied group, 
• any event occurring in the whole studied group has to have  an equal probability  of being 
found in the analysed sample [5]. 

The programme of work sampling study can be divided into several stages: 
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• preparing for the analysis, which means establishing the purpose and describing types of 
workflows (event sequences), 
• determining the necessary scope of observations, 
• determining time points of walking rounds (visits). 
• calculating the necessary number of observations, 
• making observations, 
• the analysis of observation results, including the indirect analysis which is aimed to make 
sure whether the established number of observation scope is accurate or there is a serious 
error in the estimation, 
• the final analysis. 

Table 3 shows advantages and disadvantages of work sampling study. 

Table 3. Advantages and disadvantages of work sampling study [8, 9, 14, 15]. 

• performing measurements without 
measuring instruments, 
• the person carrying out the analysis does 
not have to continuously observe 
workstations, 
• the possibility to observe a number of 
randomly selected workstations 
simultaneously,  
• the possibility to stop and resume making 
observations periodically, 
• easy analysis of measurements, 
• control charts which make it possible to 
supervise the process of performing 
measurements, 
• the possibility to quickly discover errors 
made while performing measurements, 
• from 40% to 70% of the time spent on 
performing time measurements in 
comparison to other fine-tuned methods of 
measuring/determining the time 
consumption of assembly work. 

• it is difficult to check a single record in 
terms of substance because it constitutes a 
single unrepeatable sequence of activities, 
• it is impossible to check and compare a 
report on work sampling study with a 
report on time measurement, 
• lack of information on the evaluation of 
the pace of work,  
• lack of information on types of activity 
sequences which comprise less than 1% of 
all the records, 
• it is difficult to determine the causes of 
breaks at work resulting from disruptions, 
• it is impossible to carry out a detailed 
analysis of reasons for workers’ absences 
at their workstations.  

Figure 3 presents an algorithm showing the procedure in work sampling study, worked 
out on the basis of the published literature [5]. 

2.4 Basic motion analysis 

Basic motion analysis, also referred to as MTM (Methods Time Measurement), is one of 
the most commonly used methods of normalizing the length of manual operation time. 
MTM (Methods Time Measurement) was mainly developed from combining the 
methodological basics of analyzing motions and  their duration time. At the same time, this 
method is used for improving the flow of work, determining the times of work performance 
and  classifying (determining the level of difficulty). MTM (Methods Time Measurement)  
assumes that every human manual activity can be divided into basic motions made by the 
torso and limbs and it also assumes the time consumption of the activity is a sum of 
duration times of motions which the activity consists of. There are three main groups of 
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motions in this method: 9 hand movements, 2 eye movements and 15 body and leg 
movements. 

Is the obtained confidence
interval lower than the

required one?

Establishing purpose

START

Determining and describing types of workflows

Setting the schedule for walking rounds (visits)

Deciding on necessary scope of observations

Determining time points of walking rounds (visits)

Calculate the
required scope of
observations and

make further
observations

Performing the final analysis

FINISH

No

Yes

Making n = 500 observations

Performing indirect analysis

 
Fig. 3. Procedural algorithm [the drawing made by the author on the basis of literature]. 

This method does not limit itself to these 26 basic movements. In the first group, 
the movements are divided into categories, and these, in some cases, can be divided 
into classes, depending on their character and the conditions in which they are made. 
Time values are assigned to these categories and classes of movements in special tables 
of MTM method. The basic time unit in MTM (Methods Time Measurement) method is 
1 TMU (Time Measurement Unit) = 0.0006 min. 

In practice, the use of this method requires hiring qualified workers who were 
acquired theoretical knowledge during training courses and who possess a great deal of 
practical experience. 

MTM (Methods Time Measurement) method has its own variations which take 
account of the level of element integration. The following variations can be 
distinguished: MTM – 1 method for duration times of operations lasting 0,1-0,5 min 
and significant repeatability of jobs (multi-series and mass production), MTM – 2, 
where duration times of operations last  0,5-5 min, and MTM – 3 which is used in 
special jobs [5]. 

Tab. 4 shows advantages and disadvantages of MTM method. 
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Table 4. Advantages and disadvantages of MTM (Methods Time Measurement) method [16]. 

Advantages Disadvantages 
• the possibility to design the most 
economical manufacturing process in 
specified production conditions before 
launching the production of a given product 
• improving the work process 
• numerical and letter symbols make it 
possible to record performed operations 
accurately and easily 
• normative time values in basic time systems 
are given, depending on parameters (factors) 
influencing them, such as the length of motion 
or  performance control 
• operations are easy to analyse 
• the possibility to determine a precise time 
needed to perform a job or its elements 
• it is possible and easy to choose an optimal 
way of designing or improving a given work 
process 
• uniform pace for determined standards 
• it gives time values before launching 
production, thus eliminating expensive 
amendments 
• improving already existing methods, and 
procedures constitute additional help and 
materials for designing new procedures 

• it is necessary to provide users  of this 
method with on-site theoretical and 
practical training courses 
• there are limited possibilities to analyze 
the methods and activities of office 
workers and people operating machinery 
or equipment and as regards improving 
and standardizing times of jobs 
characterized by low pace of production 
(non-repetitive processes, single and 
small-scale production) this method is 
too precise and labour-intensive as a 
research tool. 

3 The analysis of the research into normalizing the working time 
in the assembly process by means of analytic hierarchy process 

3.1 Description of FAHP method 

FAHP is a Fuzzy Analytic Hierarchy Process used in developing decision-making models 
and its purpose is to determine values of weighted coefficients that specify the importance 
of individual criteria. At the same time, thanks to the use of FAHP, the criteria of lesser 
importance can be eliminated while selecting auxiliary tools for managing tacit knowledge, 
[16, 17]. 

In the analyzed case the choice is made of the most important criteria that a company 
should take account of while selecting a method of studying the working time in the 
assembly process. Making an evaluation of objective elements will make it possible to 
determine the importance of defined criteria of selecting a solution. The preference scale 
should be defined while determining the relation of relative dominance. According to 
Nydick i Hill [30], the fuzzy number 𝑎̃𝑎  with a triangular membership function 
can be assigned to a linguistic variable that describes the relationships. The triangular fuzzy 
number ã  is defined within the range [l, u], and its membership function 
assumes the value which is equal to 1 in point m (fig. 4). The preference scale is presented 
in tab. 5. 
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Fig. 4. Triangular fuzzy number ã = (l, m, u).  

 

Table 5. Fuzzy scale used in FAHP method. 

Relative dominance FAHP  
(Triangular fuzzy scale) 

FAHP  
(Triangular fuzzy scale 

- inverse) 
Equal importance (1, 1, 1) (1,1,1) 

Moderate importance (1, 3, 5) (1/5,1/3,1/1) 
Strong importance (3, 5, 7) (1/7,1/5, 1/3) 

Very strong importance (5, 7, 9) (1/9, 1/7, 1/5) 
Extreme importance (7, 9, 9) (1/9, 1/9, 1/7) 

 

Table 6. The elements of matrix for comparison of criteria selection for analyzing the method of 
working time study [the author’s own study]. 

Kryteria NK NC CO ND ŁP 
NK (1,1,1) (1,3,5) (1, 3, 5) (1/7, 1/5, 1/3) (3,5,7) 
NC (1/5, 1/3/ 1) (1,1,1) (1, 3, 5) (1/7, 1/5, 1/3) (1, 3, 5) 
CO (1/5, 1/3/ 1) (1/5, 1/3/ 1) (1,1,1) (1/7, 1/5, 1/3) (1, 3, 5) 
ND (3, 5, 7) (3, 5, 7) (3, 5, 7) (1,1,1) (5, 7, 9) 
ŁP (1/7, 1/5, 1/3) (1/5, 1/3, 1) (1/5, 1/3, 1) (1/9, 1/7, 1/5) (1,1,1) 

NK – the lowest cost, NC – the shortest time, CO –observation continuity, ND – the highest 
accuracy, ŁP – easiness of conducting the study 
 

The geometric mean of evaluations for criterion NK, in accordance with the 
relationships in FAHP assumes the following value: 

 
                        𝑁𝑁𝐾𝐾 = 𝑟𝑟1̃ =  (𝑎̃𝑎11 × 𝑎̃𝑎12 × 𝑎̃𝑎13 × 𝑎̃𝑎14 × 𝑎̃𝑎15)

1
5 (2)

𝑁𝑁𝐾𝐾 = 𝑟𝑟1̃ = ((1 × 1 × 1 × 1
7 × 3)

1
5 , (1 × 3 × 3 × 1

5 × 5)
1
5 , (1 × 5 × 5 × 1

3 × 7)
1
5) (3)

𝑁𝑁𝐾𝐾 = 𝑟𝑟1̃ = (0,84412; 1,55184; 2,25519) (4)

The values for the other criteria were obtained in an analogous manner to the formula 
given above: 

  𝑁𝑁𝐶̃𝐶 = 𝑟𝑟2̃ = ((1
5 × 1 × 1 × 1

7 × 1)
1
5 , (1

3 × 1 × 3 × 1
5 × 3)

1
5 , (1 × 1 × 5 × 1

3 × 5)
1
5) (5) 

𝑁𝑁𝐶̃𝐶 = 𝑟𝑟2̃ = (0,49111; 0,90288; 1,52814) (6)
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𝐶𝐶𝑂̃𝑂 = 𝑟𝑟3̃ = ((1
5 × 1

5 × 1 × 1
7 × 1)

1
5 , (1

3 × 1
3 × 1 × 1

5 × 3)
1
5 , (1 × 1 × 1 × 1

3 × 5)
1
5) (7)

𝐶𝐶𝑂̃𝑂 = 𝑟𝑟3̃ = (0,35595; 0,58181; 1,10756) (8)
𝑁𝑁𝐷̃𝐷 = 𝑟𝑟4̃ = ((3 × 3 × 3 × 1 × 5)

1
5, (5 × 5 × 5 × 1 × 7)

1
5, (7 × 7 × 7 × 1 × 9)

1
5) (9)

𝑁𝑁𝐷̃𝐷 = 𝑟𝑟4̃ = (2,66726; 3,87615; 4,98778) (10)

Ł𝑃̃𝑃 = 𝑟𝑟5̃ = ((1
7 × 1

5 × 1
5 × 1

9 × 1)
1
5 , (1

5 × 1
3 × 1

3 × 1
7 × 1)

1
5 , (1

3 × 1 × 1 × 1
5 × 1)

1
5) (11)

Ł𝑃̃𝑃 = 𝑟𝑟5̃ = (0,22937; 0,31647; 0,58181) (12)
Consequently, the following was obtained: 

 
                          𝑟̃𝑟1 + 𝑟̃𝑟2 + 𝑟̃𝑟3 + 𝑟̃𝑟4 + 𝑟̃𝑟5 = (4,58781; 7,22915; 10,46048) (13)

 
The weight of criterion „NK” was calculated in the following way: 

      𝑤̃𝑤1 = 𝑟̃𝑟1 ×  (𝑟̃𝑟1 + 𝑟̃𝑟2 + 𝑟̃𝑟3 + 𝑟̃𝑟4 + 𝑟̃𝑟5)−1 = (0,08069; 0,21466; 0,49156)         (14) 
 

Then, the weight for the remaining criteria was calculated in an analogous manner to the 
formula given above:  

𝑤̃𝑤2 = 𝑟̃𝑟2 ×  (𝑟̃𝑟1 + 𝑟̃𝑟2 + 𝑟̃𝑟3 + 𝑟̃𝑟4 + 𝑟̃𝑟5)−1 = (0,04694; 0,12489; 0,33308)           (15) 
𝑤̃𝑤3 = 𝑟̃𝑟3 ×  (𝑟̃𝑟1 + 𝑟̃𝑟2 + 𝑟̃𝑟3 + 𝑟̃𝑟4 + 𝑟̃𝑟5)−1 = (0,03402; 0,08048; 0,24141)           (16) 
𝑤̃𝑤4 = 𝑟̃𝑟4 ×  (𝑟̃𝑟1 + 𝑟̃𝑟2 + 𝑟̃𝑟3 + 𝑟̃𝑟4 + 𝑟̃𝑟5)−1 = (0,25498; 0,53618; 1,08718)           (17) 
𝑤̃𝑤5 = 𝑟̃𝑟5 ×  (𝑟̃𝑟1 + 𝑟̃𝑟2 + 𝑟̃𝑟3 + 𝑟̃𝑟4 + 𝑟̃𝑟5)−1 = (0,02192; 0,04377; 0,12681)         (18)

 
The defuzzified values of weights are as follows: 

𝑤̃𝑤1 = 1
3

(0,08069; 0,21466; 0,49156) = 0,26230                               (19) 

𝑤̃𝑤2 = 1
3 (0,04694; 0,12489; 0,33308) = 0,16830                               (20) 

𝑤̃𝑤3 = 1
3 (0,03402; 0,08048; 0,24141) = 0,11863                               (21) 

𝑤̃𝑤4 = 1
3 (0,25498; 0,53618; 1,08718) = 0,62611                               (22) 

𝑤̃𝑤5 = 1
3 (0,02192; 0,04377; 0,12681) = 0,06416 (23)

After standardization the weights assume the following values: 
 

 𝑤𝑤1 = 0,21161; 𝑤𝑤2 = 0,13578; 𝑤𝑤3 = 0,09570; 𝑤𝑤4 = 0,50513; 𝑤𝑤5 = 0,05176      (24) 
 

Thanks to the application of FAHP method, the following importance level of criteria 
while selecting a method of studying the working time was obtained, respectively: 
• criterion importance: ND – the highest accuracy – value: 0,50513, 
• criterion importance: NK – the lowest cost – value: 0,21161, 
• criterion importance: NC – the shortest time – value: 0,13578, 
• criterion importance: CO – observation continuity – value: 0,09570, 
• criterion importance: ŁPB – easiness of conducting the study – value: 0,05176. 

The suggested application of FAHP method makes it possible to make an objective 
choice of the tool which supports the tacit knowledge management according to the criteria 
which are difficult to measure. Expressing preferences in the form of fuzzy numbers 
reflects the uncertainty in formulating judgments in decision-making process. Therefore, a 
defined order of criteria importance should be taken into consideration while selecting a 
method of studying the working time. 
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Thanks to the application of FAHP method, the following importance level of criteria 
while selecting a method of studying the working time was obtained, respectively: 
• criterion importance: ND – the highest accuracy – value: 0,50513, 
• criterion importance: NK – the lowest cost – value: 0,21161, 
• criterion importance: NC – the shortest time – value: 0,13578, 
• criterion importance: CO – observation continuity – value: 0,09570, 
• criterion importance: ŁPB – easiness of conducting the study – value: 0,05176. 

The suggested application of FAHP method makes it possible to make an objective 
choice of the tool which supports the tacit knowledge management according to the criteria 
which are difficult to measure. Expressing preferences in the form of fuzzy numbers 
reflects the uncertainty in formulating judgments in decision-making process. Therefore, a 
defined order of criteria importance should be taken into consideration while selecting a 
method of studying the working time. 

4 Summary and conclusion 
The purpose of this paper is to present the possibility of using Fuzzy Analytic Hierarchy 
Process (FAHP) in the process of developing a synthetic variable. FAHP (Fuzzy Analytic 
Hierarchy Process) method takes advantage of experts’ opinions in order to determine 
weighted coefficients specifying the importance of variables. FAHP (Fuzzy Analytic 
Hierarchy Process) method was used for selecting criteria of the method for studying the 
working time in the assembly. 

The results of the study indicate that, based on the criteria, the highest accuracy is the 
most important. Then, the lowest cost is the next.  The values obtained in the calculations 
show that the advantage of the highest accuracy over the remaining ones is considerable. 
The authors of the paper intend to analyze advantages and disadvantages of FAHP (Fuzzy 
Analytic Hierarchy Process) method in developing more sophisticated technological 
processes. In order to become convinced that this method can be justifiably used by 
engineers, the authors intend to analyze more sophisticated technological processes used in 
assembly work (selecting a technological variant). 
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