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ABSTRACT 
Enterprise resource planning systems and computerised 
maintenance management systems are commonly used by 
organisations for handling of maintenance work orders through a 
graphical user interface. A work order consists of a number of 
data fields, such as drop-down lists, list boxes, check boxes and 
text entry fields. In contrast to the other data fields, the operator 
has the freedom to type in any text in the text entry fields, to 
complement and make the work order description complete. 
Accordingly, the text entry fields of work orders can contain any 
words, in any number, as necessary. Data quality is crucial in 
statistical analysis of work orders data, and therefore manual 
analysis of work orders’ text entry fields is often necessary before 
any decision making. However, this may be a very tedious and 
resource consuming process. In this article, we apply 
computerised analysis of text entry fields of work orders data, to 
study if it can bring further value in the assessment of technical 
assets’ performance. 
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1. INTRODUCTION 
Maintenance can be described as the combination of all technical 
and administrative actions, including supervision actions, intended 
to retain an item in, or restore it to, a state in which it can perform 
a required function [2, 3]. Maintenance can be divided into 
preventive and corrective maintenance, where both generally are 
followed up regarding performance and costs. Information 
technology (IT), such as enterprise resource planning (ERP) 
systems and computerised maintenance management systems 
(CMMS), are used for such activities. The data of preventive and 
corrective maintenance work is commonly called work order data, 
following a set template and procedure for registration and 
closure, through a graphical user interface (GUI). Work orders 
contain a number of fields/boxes, such as: work order 
identification number; asset information regarding system, 
subsystem and components; maintenance activity; failure cause; 
and remedy. However, it depends if it is corrective or preventive 
maintenance work orders. The work order fields within a GUI 
comprise of drop-down lists, list boxes, check boxes and text 
entry fields. In contrast to the other data fields, the text entry 
fields are filled as the operator thinks is necessary for the 

understanding of the work carried out. Accordingly, the text entry 
fields of work orders can contain any words, in any number.  

High quality information is dependent on the quality of the raw 
data and the way in which it is processed. This fields’ information 
is objective and depends on the user opinion. Since data 
processing has shifted from the role of providing operations 
support to being a major aspect of the operations themselves, [8]; 
therefore, analysis of this data is important for decision support.  
For monitoring of maintenance performance and costs, 
computerised analysis and eMaintenance solutions [5, 6] are 
applied by organisations, and especially in asset intensive or 
safety oriented organisations, e.g. manufacturing, transportation, 
aviation and nuclear. However, manual data analysis of work 
orders’ text entry fields is normally required before any decision 
making, which can be a tedious and resource consuming process. 

In addition, data quality issues are mostly related to manual input 
and human errors. About 80% of data quality issues are related to 
human errors, while only 20% are related to machine failures [1]. 
Therefore, this process can be simplified by automated analysis of 
the text entry fields, and thus, the data quality can be increased, 
requiring less manual intervention. 

In this article, we apply computerised analysis of work orders’ 
text entry fields, to study if it can bring further value in the 
assessment of technical assets’ performance, by relating text entry 
field data to other data fields. After describing the methodology, a 
case study is carried out on linear assets, and more specifically on 
railways. However, the methodology is generic and similar for 
other technical assets and organisations 

2. METHODOLOGY 
Lack of relevant data and information is one of the main problems 
for decision-making within the maintenance process [6]. 
The provision of the right information to the right user with the 
right quality and at the right time is essential [4, 6]. High-quality 
data are commonly defined as data that are appropriate for use 
[7, 8]. Wang [8] presents a framework of data quality consisting 
of four categories: intrinsic, contextual, representational and 
accessibility, as described in Table 1. 

Furthermore, Wang [8] describe representational data quality as 
aspects related to the format of the data (concise and consistent 
representation) and meaning of data (interpretability and ease of 
understanding). Consequently, an input field which is free to fill 
out, i.e. text entry fields, results in data quality issues, at the same 
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time as work orders’ text entry fields are vital as predefined fields 
cannot describe all possible events. 

 
Table 1. Data quality aspects [8] 

Category Dimension 
Intrinsic Believability, Accuracy, 

Objectivity, Reputation 
Contextual Value-added, Relevancy, Timeliness, 

Completeness, Appropriate amount of data 
Representational Interpretability, Ease of understanding, 

Representational consistency, 
Concise representation  

Accessibility Accessibility, Access security 
 

For analysis of text entry fields in work order data, an algorithm 
was written using MATLAB. The main steps of the algorithm, 
which is basic in programming, are shown in Figure 1. 

 

Maintenance 
data

Read data to m × n matrix A

Loop white-space separated string cells 
aik, specifying the delimiting character as 

space, and write to l × 1 vector x

x = [xl]
k = Text entry

column

A = [aij]
i = 1, ,m
j = 1, ,n

Start

Loop cells xl of vector x and delete 
substrings, e.g. regarding full stops, 

commas and conjunctions

Loop cells xl of vector x and replace 
upper case letters with lower case letters

Loop cells xl of vector x and replace 
synonyms

Loop cells xl of vector x and write unique 
substrings to vector y y = [yp]

Loop cells xl of vector x and calculate 
occurrence of cells yp in x

End
 

Figure 1. Flowchart. 

 
The number of occurrence of these unique words can provide 
information about failure causes, types of failures, and the items 
that have more failures than others. Therefore, these extracted 
words, found to be interesting, can then be compared and linked 
to analysis of the other data fields, for additional information and 
study of agreement, or disagreement. 

3. CASE STUDY 
A case study has been carried out on railways to validate the 
methodology discussed. The data used in this study was provided 
by Trafikverket (Swedish Transport Administration). However, 
analysis in other organisations and for other assets will not yield 
the same result, but the methodology for assessing can be the 
same. 

3.1 Data Collection 
Operation and maintenance data has been collected from the 
Swedish railway section 111. Section 111 is a 128 km 30 tonne 
axle load mixed traffic section of the Swedish Iron Ore Line, 
stretching from the border of Norway, Riksgränsen, to Kiruna city 
(Figure 2). 

Riksgränsen

Kiruna

 

Figure 2. Swedish railway section 111 stretching from the 
border of Norway, Riksgränsen, to Kiruna city. 

 
The failure data is collected from Trafikverket and constitute of 
infrastructure related corrective maintenance work, i.e. failure 
data. The corrective maintenance consist of urgent inspection 
remarks reported by the maintenance contractor, as well as failure 
events and failure symptoms identified outside the inspections, 
commonly reported by the train driver, but occasionally reported 
by the public. The failure data is from 2001.01.01 – 2014.01.01, 
i.e. 13 years, which in total gives 10 958 work orders. The main 
types of train delaying corrective maintenance failures are shown 
in Figure 3. 

 

0

500

1000

1500

2000

2500

S&Cs
Tra

ck

Rein
de

er
 de

ad

Pos
itio

nin
g

No f
au

lt f
ou

nd

Sign
all

ing

Anim
al 

in 
tra

ck

Con
ve

rte
r s

tat
ion

Rein
de

er
 al

ive

Bali
se

Int
er

loc
kin

g

Con
ta

ct 
wire

Dete
cto

r 0

50

100

W
o

rk
 o

rd
er

 fr
eq

.

C
u

m
u

la
ti

ve
 p

er
ce

n
ta

g
e

 
Figure 3. Types of failures of Section 111. S&Cs equals 

switches and crossings. 
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3.2 Work Order Data Quality  
Simple data quality checks have been carried out on the failure 
data (Figure 4). Each work order consists of 71 fields. Fields with 
100 % usage means that all work orders have some text or 
numbers filled in. Therefore, a data field with low usage can mean 
that the data quality is low, or it may just not be applicable for 
every work order. However, some data fields may be missing 
during the input process due to an error. Hence, this figure 
provides an idea about the data quality of the work orders, and 
how this missing data may affect the decision based on this data. 
The figure gives information regarding which data of the work 
orders are suitable for case studies. Also, in this way it is possible 
to improve the work order process, e.g. by removing unnecessary 
fields and improving the way of completing other fields. 

The text entry field
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Figure 4. Usage of fields in the failure work orders. 
 

The text entry field for describing the failure and work carried out 
is used in more than 99 % of the work orders (Figure 4). Thus, 
further analysis can be done as the field is frequently used and its 
information can vary depending on the user description. 

3.3 Results and discussion 
The comments field of the 10 958 work orders is found to contain 
69 382 words in total. After removing commas, full stops and 
changing capital letters to lower case, the number of unique 
(disregarding repetitions) words is found to be 8 442; see Table 2. 

 
Table 2. Usage of the text entry field. 

Total number of words in the text entry 
field, i.e. the description field 69 382 

Number of unique words, i.e. disregarding 
repetitions 11 400 

Number of unique words after removing 
commas and full stops 

9 756 
 

Number of unique words after changing 
capital letters to lower case 8 442 

 
By sorting the unique words by occurrence, we noticed that the 
most used words are found in more than one thousand work 
orders. Furthermore, by limiting the study to the 250 most used 
words, it is seen that the 250th word occurred in 39 work orders, 
i.e. not many in comparison to the total number of work orders. 
After removing needless words, e.g. conjunctions and 
prepositions, 143 unique words are left of the 250. Finally, 
through grouping of similar words, e.g. singular, plural and 

synonyms, we end up with 104 words. Figure 5 shows the first 80 
unique words with the highest occurrence. The terms are 
translated from Swedish to English, and consequently, the 
translated terms can consist of several words, like “error code” is 
one word in Swedish. A number of terms are marked out by 
arrows in Figure 5 for discussion. 
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Figure 5. Occurrence of unique words in the text entry field of 
maintenance work orders data. 
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The second highest occurring term, “control”, means that switch 
points are not in control/position, and thus, the term “control” 
could be aggregated with the fifth most used term, “switch”, 
which then would become the most occurring term. By comparing 
Figure 5 with Figure 3, it can be seen that the top failure types and 
terms’ occurrences are similar. 

The term “moose” is found on the 16th place, occurring in 234 
work orders (cows, bulls and calves included). By studying these 
234 work orders, it is found that it would be hard to manually 
identify these work orders from the 10 958 work orders. The data 
can manually be sorted on animals in track and on the animal 
moose, but it would only give 149. 

Another term is “freeze”, which occurred 144 times. Freeze is 
referring to computer freeze/hang. By studying the 144 work 
orders, it is found that it would not be possible to sort them out 
without reading the free entry field of each of the 10 958 work 
orders, i.e. 69 382 words. 

The next term is “cable dug up” (often costly), occurring in 68 
work orders. By manually sorting the 10 958 work orders for 
cable systems, 172 work orders would be found, which would 
include 47 of the 68 cable dug up. In other words, computerised 
analysis gives additional information. 

Lastly, the terms “96” and “93” (not marked with arrows) are 
identification of trains, which makes it possible to compare which 
trains are linked to most railway infrastructure failures. 

Results from the computerised analysis give statistics on the 
occurrence of unique words in work orders’ text entry field, i.e. 
the descriptive text typed in by operators. Subsequently, the 
unique words have been used to extract work orders according to 
a specific unique word in the text entry field. The extracted work 
orders have then been compared by trying to extract the same 
work orders from the whole dataset manually, by use of filtering 
functions in spreadsheet software. However, spreadsheets are 
filtered by use of drop-down lists, or pivot tables, i.e. it cannot 
filter text entry fields. The comparison showed that some 
information can only be found in the text entry field, and 
consequently, manual reading of the text entry field is required to 
capture all work orders related to a specific type of failure or 
unique word. For the data used in this study, in a worst case 
scenario, it would mean reading text entry fields of 10 958 work 
orders, which equals 69 382 words. Alternatively, computerised 
analysis can be carried out, which is fast and simple when 
algorithms are in place. It is clear from this study that 
computerised solutions can save the time of data analysis. 
In addition, more information can be driven that may help to 
support decision making process. 

4. CONCLUSIONS 
A methodology for computerised analysis of text entry fields of 
maintenance work orders data has been described and studied in a 
case study. It has been found that such analysis makes the process 
more efficient, gives additional information, and in some cases, it 
is the only realistic methodology for analysis of maintenance 

work order data, as long as resources for manual analysis is not 
endless. Moreover, since the described method improves 
identification of failures, it improves the input data to reliability 
and availability studies, as missing observations (failures) can 
have a large effect on the mean time between failures (MTBF) 
and maintenance times. 
This analysis also can provide an overview about work order data 
quality as well, what data is missing, which data is more 
important regarding data usage. This may be useful for decision 
makers before making any decision based on this data. 

Finally, it is necessary to mention here that, missing data may not 
mean that the data quality is poor. Further study about the data 
fields constraints and metadata should be conducted. In some 
cases, the input to these fields may be optional. Therefore, the 
final perception about data quality should be considered after 
checking all work order fields constraints and metadata. 
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