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Abstract

In Product-Service System (PSS) offerings is crucial to deliver services in the shortest time to maximize customer satisfaction. One
of the first contacts that customers have with the provider is usually through remote assistance delivered via telephone or email.
Thus, the development of a structured troubleshooting procedure is fundamental for fast problem identification and resolution.
While customers exchange with help desk technicians are saved in a company database, they are often lacking proper structure
and, thus, are rarely analyzed. This poses a challenge since aggregated data can provide valuable insights for knowledge extraction
and reuse, benefiting PSS lifecycle management and improvement (e.g., enhancing troubleshooting, maintenance service, or PSS
design). The paper presents a case study where the textual data collected from the customer ticket database have been analyzed to
extract the most recurrent problems and the frequently suggested solutions and improve remote troubleshooting.
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1. Introduction

In the current industrial context, the capability of improving and delivering services efficiently and effectively is
crucial to be competitive. To do so, it is necessary to extract knowledge generated by daily activities, summarize it,
and turn it into something useful, such as a set of procedures, guidelines, or standardized processes that allow
employees to do their job most easily and clearly. Such a scope requires understanding the process that needs to be
improved, identifying its flaws, understanding how to overcome them, and working toward their implementation [1].
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Such an approach can be applied to many processes to optimize their flow and ensure the expected outcomes. For
instance, in the case of manufacturing companies, this can be translated into the process of managing and delivery
maintenance, especially in the case of market offerings based on product-service bundles, usually referred to Product-
Service Systems (PSS) [2]. In this kind of offering, the relationship between the industrial asset/product provider and
the customers is not limited to the moment of the sale but continues over time thanks to the service provision. The
durability of this relationship is subject to service quality and economic sustainability [3, 4].

Service delivery is not an easy task and requires considering service and asset integration since the designing phase
[5]. It is very uncommon that the service design result in the optimal configuration after the first iteration since new
elements emerge over time while the customers use the asset and the provider gains experience in the service delivery
process [6]. For this reason, the collection and analysis of data on the service execution and delivery are required to
continuously improve these aspects [7].

Using the maintenance service as a reference, multiple authors highlighted the need to continuously learn from the
data collected to know if, when, and what maintenance should be delivered [8]. This knowledge can stem from the
analysis of numerical (e.g., vibrations, production, quality rates) [9] or textual data (e.g., maintenance reports,
maintenance tickets) [10] that must be analyzed with the most appropriate methods depending on their nature.
Leveraging on the knowledge extracted, companies can update their internal processes to improve the execution of
maintenance and the management of the PSS lifecycle [8]. One of the most important phases of the maintenance
delivery process is the initial one, where the customer contacts the provider requiring support. The fast and correct
identification of the problem allows for a timely problem resolution and guarantees higher satisfaction for the customer
and optimized resource usage for the provider. Thus, the definition of proper remote troubleshooting is required to
offer reliable maintenance services, and the knowledge generated through the information exchange with the customer
can constitute a base for this.

Being usually in the form of unstructured written text, it is hard for companies to summarize it in a fast and efficient
way [11]. In this regard, recent years have seen the development of research on the topic of Natural Language
Processing (NLP), and related applications in the industry context for text summarization, information discovery, and
others [12]. The adoption of NLP can be a means for companies to summarize information collected in the exchange
with customers and transform the knowledge extracted into useful troubleshooting procedures.

This paper is not aimed at introducing new NLP models but aims to demonstrate how NLP approaches could be
included in a wider PSS lifecycle management process that is aimed at improving service execution (i.e., maintenance
and help desk) and future design [5]. In particular, this paper presents a case study where the ticketing data of an Italian
company has been analyzed with NLP-based approaches to extract knowledge targeted to the improvement of the
troubleshooting phase for the maintenance help desk.

The paper is structured as follows: Section 2 briefly discusses the literature on the topic, and Section 3 details the
methodology used. Section 4 describes the case study used for this research. Section 5 discussed the outcome of the
analysis. Section 6 concludes the paper also delineating future research.

2. Literature background

Product-Service Systems (PSS) offerings gained considerable attention in the manufacturing sector over the years.
To be effective, they need to be built upon strict integration of product and service components that should be designed
in a way that allows providers to deliver satisfactory services to customers in a sustainable way (especially considering
the economic aspect) [4]. To do so, researchers clarified the need to constantly improve the offering through data
collection and analysis targeted to summarize knowledge to be reused for product or service redesign, especially
because of the unprecedented data availability that characterizes the modern industrial scenario [13—15].

In this context, maintenance is among the most common services that companies offer to customers given the
considerable effect that poor execution may have on the performance of an asset or a plant, leading to a reduction of
its productivity that goes from 5% to 20% according to [16]. Another frequent service the companies offer to customers
is the help desk, which consists in supporting remotely the customers in solving some problems that may occur with
the machine [17, 18]. This process is strictly tied to the maintenance one since, based on the identification of specific
problems in the asset, a maintenance intervention might be scheduled. In turn, to avoid useless interventions and reduce
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the downtime of the assets, companies must define reliable troubleshooting procedures that help employees in
identifying the problems and the related solutions [19].

The Natural Language Processing (NLP) literature proposed a plethora of contributions related to the application
of such an approach to the industry. Such contributions span from the fault log text classification [20], to the support
for staff assignment [21], to the topic modeling for discovering frequent problems [10], or to the correction of manual
classification [22]. These approaches are all interested in understanding how the data and information entered in
maintenance reports might be summarized through automatic means and translated into knowledge to be later reused
for improvement.

While [23] proposes a custom word embedding model targeted at extracting knowledge from maintenance reports,
[24] addresses the problem of adapting NLP approaches to technical text, also discussed by [25, 26].

From this brief literature background, it emerges the interest that NLP applications gained in the maintenance field,
with various applications that should be further deepened to show the benefits that a wider adoption could have on the
companies’ improvement processes. In doing so, this paper embeds its research contribution in the PSS context, where
actors can learn from previous experience to build new products and services and improve the current ones.

3. Research approach

Company A is an Italian manufacturing company producing equipment and plants for the food and beverage sector.
The company realized in recent years the necessity of moving towards a more structured maintenance offering because
of the higher competitiveness that emerged in the market and the possibility of instantiating new revenue streams
through PSS offerings, beneficial for internal investments and future expansion.

The research aimed to verify whether the use of Natural Language Processing (NLP) on a dataset of claim records
from customers could be used to improve the maintenance service by achieving more efficient maintenance execution
and effective remote troubleshooting. The dataset, structured in a tabular format, was composed of a main column
“Contact message”, a second column “Suggested activities”, and other numerical or categorical columns useful to
have more detail on the operators carrying out the support of the customer requiring assistance.

The methodological steps followed to carry out the research are the following (also shown in Figure 1):

1. Data collection. Where data from the company database were extracted in .csv format.

2. Data pre-processing (“Contact Message”). Where the .csv files were merged into one, and standard pre-
processing steps (e.g., dataset translation, tokenization, stop-words removal, Part-of-Speech tagging,
lemmatization, n-grams identification) were applied. This phase was carried out using Python 3.9 code
and Python packages such as nltk [27] and spaCy [28].

3. Feature extraction (“Contact Message”). Where weights were assigned to the pre-processed dataset to
identify the most important features for the following step.

4. Topic modeling (“Contact Message”). The pre-processed messages were clustered into topic arguments to
allow distinguishing them based on their content. To carry out this phase, Latent Dirichlet Allocation
(LDA) [29] method was used through genism [30]. The result was saved in a model to be used in step 6.

5. Topic validation (“Contact Message”). The validity of the topics was evaluated through mathematical
indexes like Perplexity and Coherence [31] and manual checks of the topics’ content.

6. Topic assignment (“Contact Message”). Once validated the topics, the model created in step 4 was used
to assign, to each message, one or more topics.

7. Topic clustering. Based on the results of step 6, messages were clustered according to the topic assigned.

8. Data pre-processing (‘“Suggested Activities”). As in the case of the “Contact message” column, the
“Suggested activities” column underwent a pre-processing phase to uniform the content and favor the
analysis.

9. Frequency analysis (“Suggested Activities”). Following the pre-processing phase, the authors analyzed
the content of the suggested activities connected to each “Contact message” to identify the most common
resolution strategies suggested. This phase was carried out through simple frequency analysis due to the
requests of the company.
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10. Troubleshooting process improvement. Based on the results of step 9, a troubleshooting procedure, in the
form of required checks was defined for each topic identified in step 4.

[ Data collection - . ” [ ! J

Topic Clustering

Contact Message

Suggested Activities
[ Data pre-processing spaCy @ { Data pre-processing spaCy %

[ Feature eixtractlon ._m_] [ Frequency analysis @
I

( Topic modelling @ GENSIM }
— [ Troubleshooting procedure definition ]

No Are topics ok? P
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( Topic assignment (@ GENSIM) pq’[hon
f
Figure 1 - Research Approach

4. Case Study

Starting from the methodological description provided in section 3, section 4 aims at presenting its application to
the case of Company A.

As anticipated in the previous section, data were extracted from the company database in the form of .csv files.
Two main files were extracted. One (“Contact messages”) contains the message that started the conversation between
the company and the customer, and another one (“Suggested Activities”) contains the message exchange that followed
between the two actors. The extraction of two files instead of one was due to the structure of the database, which did
not allow a single extraction. Using the numerical identifier stored in the column “Intervention ID”, it was possible to
create a single file for analysis. The file was structured with the following columns “Intervention ID”, “Customer”,
“Location”, “Subsidiary”, “Status”, “Contact Message”, “Suggested activities”, “Start date”, “Closure date”, and
others. It must be clarified that the “Suggested activities” column contains not only the message(s) sent by the
technician but contains the whole conversation with the customer (apart from the initial message).

4.1. Pre-processing and features extraction

The pandas library [32, 33] was used to create the file for analysis. The joined dataset was composed of almost
15000 rows, each one corresponding to a ticket. Before moving to the analysis of its content, the dataset was cleaned
through the removal of rows missing fundamental information for the analysis (e.g., the content of the “Contact
message” or “Suggested activities” columns), leading to a final set of 13000 rows. If the “Contact message” was
missing, it was not possible to assign the corresponding “Suggested activities” info to a specific topic. The same goes
if the “Suggested activities” content was missing since it was not possible to improve the troubleshooting phase on the
assigned topic without that information.

As a first activity, the “Contact Message” and “Suggested Activities” columns were translated into English using
Google Sheets and the GOOGLETRANSLATE function to achieve higher uniformity in the analysis. This passage
was executed in accordance with the company after evaluating the potential risk of information loss due to
mistranslations.

Following, Tokenization took place and allowed the separation of the sentences into single words (tokens) while
removing the punctuation and white-spacing from the messages. It is important to clarify that the spaCy library was
modified to avoid removing negative words (e.g., no, not) to avoid problems of interpretation (e.g., “work” vs “does
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not work™). Once tokenized, the stop-words removal phase took place. In this phase, the tokens were compared against
a list of common words widely used in the English language. If the token matched one of the stopwords, it was removed
from the list. If not, it was kept in the dataset.

Then, using spaCy, tokens underwent the Part-of-Speech (POS) tagging phase and the following lemmatization.
POS tagging consists in assigning the grammar meaning and classification to each token (e.g., verb, noun, adjective),
while the lemmatization is used to convert a word in its root form (e.g., from plural to singular, form conjugated to the
infinitive) and allow the following model to better perform. Stop-words removal took place once again to ensure the
removal of all the non-useful words. In addition, the stop-words list was customized to include additional words that
the company experts considered non-significant. Then, n-grams, which are a set of words (e.g., two for bigrams, three
for trigrams, and so on) that frequently appear in the text, were identified in the scope of better contextualizing some
problems.

4.2. Topic modeling and validation

Topic modeling is a text-mining technique that is aimed at analyzing the content of a set of documents (corpus) to
identify recurrent patterns that can be later generalized into topics. More in detail, topic modeling is based on an
unsupervised approach, where documents that were previously not labeled, are labeled based on their content and the
content of the corpus under analysis. To maximize the probability of identifying topics accurately, the dataset was
pre-processed, as described in the previous sub-section. To run the analysis, the Latent Dirichlet Allocation (LDA)
algorithm was used. The LDA algorithm uses a statistical and probabilistic approach to cluster documents into a set
of topics that require to be validated. Methodologically, the validation of the topics follows the use of two
mathematical indexes, the Perplexity (the lower, the better), and the Coherence (the higher, the better), as well as a
manual check to ensure the correctness of the topics’ content.

The algorithm provided in the genism package can be customized by setting the values of specific parameters (e.g.,
number of topics, chuck size, iterations). In the case of analysis, 14 topics were identified as the optimal number
considering the perplexity score (113) and the coherence (0.65). It must be clarified that these scores are the ones that
minimize the perplexity and maximize the coherence. Since the literature does not provide a clear indication of the
optimal values for these indexes but only gives general indications for evaluation (the lower the perplexity the better,
the higher the coherence the better), authors, after an evaluation of the topics content, considered the result satisfiable.
The LDA algorithm provides as output a table with the topic number and the topic keywords, while the topic name
must be manually defined by the user. Table 1 provides an overview of the topics and the related keywords as well as
a short explanation of its content.

The table reports only part of the keywords associated with a topic. The more the keywords are explored, the more
words can be found, even crossing other topics, which is something expected since there is the possibility that a
customer might have a request involving multiple problems. The acceptance of these 14 topics followed the fact that
their content was well clustered and no excessive overlapping took place. Once acquired the topics and validated their
content, a model, able to categorize messages according to these topics, was created and saved. Following, the same
model was used to analyze the single messages in the “Contact Message” column in the scope of assigning a topic to
each message. One of the problems with the LDA algorithm is that it does not return the simple belonging of a message
to one topic but returns probability scores that can be used to understand to what topic the message belongs. For
instance, it might assign a probability of 75% to belong to the topic “Trigger code”, 24% to belonging to the topic
“Format”, and another probability of 1% split over the 12 remaining topics because, due to the way it is designed, it
must assign a probability to each topic. Once assigned the probabilities score for each message, the “main topic” was
identified for each one. The identification of the main topic follows the selection of the maximum score value assigned
to the message (e.g., if the maximum value assigned by the LDA model is 75% for Topic 01, it means that the message
deals with the “Trigger code” topic).

Following, the records in the dataset were clustered according to the main topic identified for each one of them.
Then, the authors analyzed the “Suggested Activities” column, as discussed in the next subsection.
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Table 1. Topics, keywords, and topics explanation

Topic Number Topic Keywords Topic explanation

Topic 01 Trigger code Code, trigger, trigger code, request, It deals with problems related to the code required to make
code request the machine function after certain problems occurred.

Topic_02 Ring Problem, ring, problem ring, It deals with problems related to the item that connects the
communication problem, fiber various components of Company A's machines through

high-speed signal interchange.

Topic_03 Oven Oven, oven problem, alarm, machine It deals with problems in the oven, that cover a fundamental
error, error oven phase in the production process.

Topic_04 Format Format, request format, problem It deals with problems related to the kind of product
format, format machine produced. Different formats lead to the production of

different products.

Topic_05 Password Request, password, password request, It deals with problems related to the password requested to
change, request change modify some parameters in the machine.

Topic_06 Communication  Communication problem, It deals with the problems related to the ability of the
communication error, communication,  machine to communicate internally (e.g., between
oven communication components) or externally (e.g., with the company cloud)

Topic 07 Level Level, need, level request, password It deals with problems related to the password requested to
level, send password access some functions of the machine.

Topic_08 Warranty New, warranty, reported, request It deals with problems related to the request for maintenance
warranty, installation, new format under or outside warranty.

Topic_09 System System, installation, change system, It deals with problems related to the software installed on
install system, request system the machine.

Topic_10 Terminal Terminal, error, terminal error, It deals with problems related to the terminal used to control
terminal installation, change terminal the machine.

Topic_11 Film Film, start, program, problem film, It deals with problems related to the film used for the
replacement film packaging of the products.

Topic_12 Alarm Replacement, alarm, change, It deals with some problems related to some alarms shown
warranty, send by the machine.

Topic_13 Machine Machine, start, start machine, system, It deals with some general problems related to the machine
error functions.

Topic_14 Customer Problem, oven, customer problem, It deals with generic problems described by the customers
communication customer, request

4.3. Results

Once the clusters of “Suggested Activities” were created, they were analyzed in the scope of identifying common
solutions or tests suggested by the technicians to customers. One of the main problems that Company A is facing is
the lack of standardization in the way information is collected from customers and suggestions are given. This is
because a common troubleshooting approach is missing, and the resolution process heavily relies on the expertise of
the technicians dealing with the customer and the ability of the customer in describing the problem.

Like in the case of the “Contact Message” column, the pre-processing steps were applied to the “Suggested
Activities” one. This is justified by the fact that the authors and the company evaluated the risk of losing part of the
information if the pre-processing phase was not run also in this case, especially considering that this phase exploited
the word-count approach as the main tool for the information extraction.
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Table 2. Topics, suggested checks, and specific actions

1265

Topic Suggested check Specific action
Trigger code - Trigger code request - Send trigger code
Ring - Optical fiber interruption - Replace optical fiber
- Check power - Plug-in power
- Check connected components - Replace broken components
Oven - Check power - Replace broken components
- Check the cable connection - Update the database with oven specifications
- Check the integrity of the fan, inverter, and resistors
Format - Check the format's existence in the database - Replace mold
- Check bearings - Replace bearings
- Update available format
- Move gearbox
Password - Check password - Send password
Communication - Check cable integrity - Replace cables
- Check the connection between components - Plug-in connectors
- Check peripherals - Connect peripherals
Level - Check level required - Send the password for the level required
Warranty - Check the component warranty - Propose quotation
- Send spare parts
System - Check system installation - Re-install system
- Check the internet connection - Connect to the internet
- Check sensors - Replace sensors
Terminal - Check the terminal connection - Fix installation problems
- Check parameters - Update parameters
- Check power voltage
- Check connection with other components
Film - Check film status - Send technical data
- Check the cutting blade - Change film typology
Alarm - Check the power connection - Send activation code
- Check led status - Replace led
- Check system - Replace broken components
Machine - Check the machine database - Restart the system
- Check the cable connection - Change bearings
- Check power - Change belt
- Check the component’s integrity - Change engine
Customer - Confirm problem - Send technical support

Send documentation

Specifically, the aim was to search for single words but, more important, for n-grams able to give better context on
the check request or executed. In particular, this phase was run using the nltk library and the FreqDist() method. In
this way, authors were able to extract, for each topic, a list of suggested checks proposed and attempted that were later
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used to improve the troubleshooting. Table 2 summarizes the most frequent actions and checks found. Due to space
constraints, it is not possible to provide examples of the questionnaire for troubleshooting that Company A started
developing after the analysis.

5. Discussion

The analysis carried out through the NLP approach was aimed at identifying the most common requests that
technicians ask customers to verify problems and suggest solutions when the customers require support. Such a scope
should be considered as a step towards the improvement of the troubleshooting process, which in turn can help improve
the management of the ticketing system and that, in a wider view, contributes to the improvement of the PSS offering
management and service delivery [8, 10, 19]. As far as the authors’ knowledge, no other case studies have been
presented in the field of PSS and maintenance, with some papers discussing the problem from a more general
perspective without addressing the problem as discussed in this paper [20, 34].

Starting from the troubleshooting point of view, the results of the analysis allowed identifying a set of problems
that are commonly encountered by the customers, and that require particular attention from Company A in the scope
of offering a satisfactory service. While Table 2 provides a schematic overview of the results, Company A also used
them to define a troubleshooting questionnaire adapted to the typology of problems that the customers have. The
questionnaire is aimed at requiring specific tests, partially reported in Table 2, to check the most common causes of
problems first and then check the less frequent causes. The definition of a standardized approach to the troubleshooting
phase would allow for the provision of a quality service independently from the experience of the technician that is
responsible for the activity. Moreover, in a wider perspective, the collection of data and statistics over the response of
customers to the troubleshooting procedure (e.g., easiness in guiding them and retrieving the information, the
correctness of the test required) would allow, in the long term, to update and improve the troubleshooting phase to
identify in a shorter time the problem.

Similarly, this can be extended to the ticketing system, which can benefit from the creation of a list of common
problems and resolution strategies both from the customer's and the technician's point of view. For the customer, it
would be easier to check some control marks on the ticketing tool to better describe the problem and, following, allow
the technician to identify the proper solution. On the other hand, this could also go in the direction of a more automated
resolution system, where the customer enters the details of the problem through a guided procedure, and the system,
depending on the problem, might immediately provide suggestions for resolution without the need of interaction with
a human technician.

Eventually, the improvement of the troubleshooting procedure can be seen as part of a wider PSS offering
improvement, where the analysis and collection of data related to the troubleshooting procedure could be used, as said,
to make more efficient the problem identification and resolution phases but, on the other hand, could also be used in a
more general improvement logic. In fact, by studying the more frequent problem requests and proposed resolution
approaches, it would be possible for designers to modify the design of the product to allow for a reduced occurrence
and a simplified maintenance procedure.

Thus, while on the one hand, the analysis and improvement of the troubleshooting process are targeted to provide
operational benefits in terms of problem identification and resolution, thus looking at the day-by-day activities, on the
other it can be considered to have an impact on the strategical and tactical level, with the re-design of certain parts of
the machines, the revision of the maintenance policies (e.g., based on actual frequency of problem occurrence) and
procedures (e.g., resolution approaches that might be transferred to customers instead of requiring the intervention of
the technician).

6. Conclusions
The troubleshooting phase is one of the most important for companies offering field maintenance and help-desk

services to customers. A good and straightforward troubleshooting procedure allows fast and correct identification of
the problem and its cause, resulting in faster resolution and thus, short downtime, allowing the customers to continue
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production and maintain productivity at the expected levels. The provision of fast and reliable maintenance service is
an important competitive factor for manufacturing companies dealing with the PSS business model since it is the
ability to deliver service in a fast and efficient way that allows them to keep alive the relationship with the customers.
For this reason, the development of a standardized and reliable troubleshooting approach, created from the analysis of
historical data on causes and faults, and on the experience of technicians, is required to remain competitive.

In this context, the paper presents a case study where the NLP was used on the ticketing database of Company A,
in the scope of clustering recurrent problems that customers ask for and the way technicians are used to answer them.
Company A used the outcome of the analysis as a means to develop a standardized troubleshooting procedure based
on a set of questions asked to customers when they encounter certain problems. Also, suggestions to solve the problems
have been identified based on the content of the message exchange with customers.

Through the NLP approach, it has been possible to analyze in a short time the around 13000 customer tickets. The
approach has been divided into two consecutive steps, the first one aimed at clustering problems, and the second one
aimed at identifying checks/solutions. A manual analysis and classification of the whole dataset in a single session
would have required days, while, once trained, the algorithm classified the whole dataset in few minutes.

From a academic and theoretical point of view, the approach demonstrated its usefulness in terms of contribution
to the maintenance service improvement, especially considering a lifecycle perspective where the information
collected through the tickets, in terms of problems or solutions, could be used to enhance the design of the machine
(when shared with the design teams) or the way service is executed on the field (when shared with the service
department and the customer service).

From a practical point of view, the case study demonstrated the validity of the approach, which allowed to analyze
and summarize in a short time the content of the ticketing database, allowing to extract knowledge and define a more
structured troubleshooting procedure to improve the process at the operational level. By using the knowledge extracted
in terms of problems, Company A could also improve the ticketing software by adding classification fields that could
be used to immediately show possible solutions to the customer or the technician, depending on how the service is
structured.

The approach used in the case study could be further enhanced by deepening the analysis in the second step of the
methodology, for instance by developing a LDA model specific for each problem since, as of now, the main solutions
have been identified based on a simple frequency analysis. Further research, overcoming the limitations of the current
research, will encompass the analysis of the ticketing solutions using the LDA as well as testing other approaches for
the analysis of the database (e.g., BERT). Another major improvement to the research would be to cluster messages
not only based on the topic but also based on the asset model.
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