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Abstract This paper presents the results of evaluating the number of service
offerings marketed on company webpages in the field of advanced manufacturing
performed by human annotators, artificial intelligence imitating human behavior, and
advanced in-depth Al analysis. The research focuses on ten different countries and
three specific sectors: manufacture of computer, electronic and optical product, manu-
facture of electrical equipment, and manufacture of machinery and equipment. Even
though artificial intelligence was able to find more services on company webpages
than human beings, the average number of services identified on webpages proved
to be relatively low. Companies from selected industries focus mostly on product
lifecycle services, such as spare parts, repair services, or maintenance. On the other
hand, the least marketed services are in the field of finances, such as pay per use and
installment payment. The results support the applicability and effectiveness of artifi-
cial intelligence tools in the field of procurement. Moreover, the findings are highly
relevant for companies in the field of advanced manufacturing as they indicate a great
potential for further improvement of service promotion on company webpages.

Keywords Artificial intelligence - Servitization + Manufacturing * Service
promotion

1 Introduction

Companies and scholars have realized the impact of the Internet on the purchasing
process. Almost 75% of buyers in the B2B segment prefer searching and selecting
goods and services online instead of communicating and engaging with a salesperson
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[1, 2]. Moreover, as purchasing is an integral part of successful business operations
and can provide significant value, researchers and company representatives look for
ways to utilize new technology to optimize the process as well as to find suitable
suppliers and service providers [3, 4].

As buyers commonly browse the Internet to find suitable offerings and companies
move their presence online, it is imperative that suppliers promote their products and
service offerings on their webpages and social media.

2 Promoting Services on Company Webpages

As global markets have been changing rapidly and became highly competitive,
complex, and often unpredictable, companies are looking for new ways to ensure
their survival and profitability [5—7]. Current literature points to a servitization trend
among manufacturers, where combining product offerings with services is perceived
as a strategic alternative to developing new innovative products [6, 8—13]. Yielding
considerable advantages, such as more stable revenue streams, improved profitability,
or increased customer satisfaction and loyalty, services help companies to differen-
tiate and create a sustainable source of competitive advantage [14]. With the rapid
rate of new technology adoption in organizations, the focus in the context of serviti-
zation has been shifting toward the potential and benefits of utilizing the Internet and
digital technologies in business processes [ 15, 16]. Companies have moved their pres-
ence and marketing activities online and procurement personnel commonly browses
company webpages to obtain information about service characteristics and prices
and to search for the most suitable offer [17, 18].

Buyers increasingly rely on information they find on the Internet while identifying
new business opportunities, conducting market research, or preliminary identification
of suppliers [19, 20]. The most significant benefits of online research in procurement
are the ability to compare products, services, and prices, the speed, and ease of use
(finding information they need effortlessly), and convenience [21, 22]. Moreover,
reviewing product or service information online increases the accuracy of goods
purchased [23].

Manufacturing companies can take advantage of these procurement trends as their
websites might reach customer segments, which might not have been possible to
target in the past [24]. Proper design of webpages in line with company market posi-
tioning enables to promote key quality elements and establish the reputation—espe-
cially in B2B service segments [24, 25]. Literature suggests that having a company
webpage is linked to higher revenues due to increased familiarity with products
and services offered [26]. However, in order to exploit the potential presented by
company webpages, certain requirements have to be fulfilled. Aspects determining
the user intention to use webpages during the procurement process are the accuracy
of information provided on the webpage, how easy information can be found, and
buyers’ perception of the usefulness of the webpage [22, 27]. Trustworthy presen-
tation of information enhances perceived value [18]. The main aim of the webpage
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design should be customer satisfaction, which can be increased by providing detailed
product or service information in a simple yet attractive format. Service providers
have to adequately signal on their webpage what services they offer and that they
are capable of facilitating high-quality services [25]. Therefore, this paper focusses
on how intensively manufacturing companies promote services on their company
webpages [28]. To obtain this evaluation of service promotion on webpages, various
methods of webpage analysis were employed to fully understand not only if services
are offered on company webpages but also if they are offered in a manner that enables
human beings to find them.
Hence, this article examines and answers the following research questions:

e How intensively are services promoted on webpages in the field of advanced
manufacturing?

e What are the differences in service research on company webpages performed
by humans, Al solutions imitating human behavior, and in-depth analysis using
improved Al algorithms?

3 Methodology

3.1 Empirical Context—Service Typology in the Field
of Advanced Manufacturing

The European Union defines advanced manufacturing as “the use of knowledge and
innovative technology to produce complex products [...] and improve processes
to lower waste, pollution, material consumption and energy use.” [29] Impor-
tant elements are artificial intelligence, robotics, 3D and 4D printing, and high-
performance computing for modeling. The industry is an important segment of the
economy and labor market in the European Union, with 14.5 million jobs and a
strategic focus in many regional and national strategies [29-31].

The research presented in this article focuses on the webpages of companies
in the field of advanced manufacturing in three specific sectors: manufacture of
computer, electronic and optical product (NACE 26), manufacture of electrical equip-
ment (NACE 27), and manufacture of machinery and equipment (NACE 28). To
identify and structure services, which would be analyzed on company webpages,
the research consortium adjusted the service typology presented by Partanen [32].
The main service categories utilized in this research are pre-sales services, product
support services, product lifecycle services, as well as R&D, operational, and finan-
cial services. A detailed overview of the categories assessed can be found in Table
1.

As the research activities were a part of an Interreg Central Europe project called
“ProsperAMnet” financed by the European Union Development Fund, the research
focused on and was conducted for the following countries: Austria, Germany, Czech
Republic, Hungary, Italy, Slovakia, Slovenia, France, United Kingdom, and the
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United States of America. The lists of companies from each country were obtained
from national and international databases such as Europages, Aurelia, and others.
Only companies operating in the specified sectors (NACE 26, 27, 28) were analyzed.
To ensure accurate representation of companies within each industry, companies with
more than 20 employees were selected regardless of whether they operate nationally
or internationally.

3.2 Applied Methods for Analyzing Webpages

In order to be able to assess the degree of service promotion on company webpages
in the field of advanced manufacturing as well as to identify differences in various
methods of company webpage service search, the consortium developed a research
process comprising of three steps. Firstly, the traditional market research was
performed using human annotators to investigate selected company webpages (see
part 3.3). The data set gathered in this step also formed the basis for the training
of the developed artificial intelligence algorithms. This was accomplished by manu-
ally extracting specific information from company webpages in selected industries.
To standardize the process, a scheme to perform the annotations as well as a struc-
tured template was designed to extract and classify the data. In the second research
phase, the artificial intelligence algorithm was developed in order to imitate human
behavior and large-scale automated webpage research was executed. In the third
step, an advanced artificial intelligence algorithm was created and implemented to
in-depth analyze service offerings on company webpages. The final artificial intelli-
gence algorithm should be able to answer the general question: “Which companies
promote which kind of services on their webpages?”. In the final stage of the research,
the results from all three methods were compared.

3.3 Human Behavior: Manual Annotations

In total 1.487 company webpages were manually analyzed through annotations
between March and September 2020 with the objectives to understand the webpage
promotion of services and to generate training data for Al algorithms. The analysis
was conducted in English, German, French, Italian, Slovak, Slovenian, Hungarian,
and Czech languages by twenty-two native speakers.

In the first method, data from company webpages was manually extracted
according to a comprehensive structure, categorized, and subsequently analyzed.
In order to collect the data in a structured manner, a detailed manual was designed.
The researchers from seven different countries were carefully selected and trained.
They were graduate or postgraduate students from the field of business and/or tech-
nology, had domain knowledge, and were native speakers of the languages specified
in the text above (with the only exception being the English language). The scheme
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used for the analysis consisted of specific information, which was to be retrieved from
company webpages—company name, URL, country, language, location of headquar-
ters, number of employees, NACE code, identified services from the list of services
(Table 1).

In order to standardize the process and minimize the discrepancies between
different researchers, a trial process of annotation was applied. After all, researchers
collected company information according to the predefined structure, the data was
cross-checked, differences among the results were identified, and comprehensive
feedback was presented to the researchers in order to improve the manual research
process. This process was repeated in three loops to ensure high quality of the data
collection.

For the quantitative measurement of the inter-annotator agreement, we had 15
cases when the same company website was annotated by a pair of independent anno-
tators. The annotation process was open-ended, i.e., annotators were not provided
with a fixed set of websites from a given URL to check but a base URL of a company
was given to them and then they were allowed to check any of the in-domain webpages
on the given URL. As such, a pair of annotators could find evidence for a particular
service being offered by some company on two distinct pages of the same company
website. In order to account for that, we aggregated the services found by the indi-
vidual annotators at the company level, i.e., the result of each annotation with respect
to a company website consisted of binary values, each one indicating whether the
annotator deemed a service to be offered based on the contents of a company website.

We calculated the Jaccard coefficient over the 15 pairs of annotations, more specif-
ically, we took the fraction of the aggregated number of such services that were iden-
tified in consensus by a pair of annotators and that of such services that were found
to be relevant by at least one of the annotators [33]. Besides this empirical quotient,
we also quantified the expected value of the Jaccard coefficient, more specifically,
the quantity that we would obtain if the annotators were choosing the same number
of services as they did during the annotation, except for the fact that they chose the
selected number of services randomly. Assuming that a pair of annotators identi-
fied m and n services for a given company website out of S potential services being
distinguished, the expected value of their Jaccard coefficient can be given as

nm
Sn+Sm—nm’

The observed Jaccard coefficient ended up 0.377, whereas the expected value
calculated as described above was 0.143. A typical way to contrast observed (o) and
expected (e) values of random variables are to calculate the fraction {=¢, resulting
in 0.272 in our particular case. This value is not particularly high, which illustrates
the complexity of the annotation process. This value, however, also indicates that the
annotators agreed to a non-trivial extent.

Twenty-two researchers manually extracted data from 1487 company webpages;

613 annotations were performed by the Austrian researchers, 193 by the Hungarian,
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198 by the German, 198 by the Italian, 97 by the Slovenian, 94 by the Slovak, and
94 by Czech investigators. Depending of the amount on information presented, each
company webpage analysis took on average 20 min to complete.

Discrepancies among the investigators were overcome and limited due to the
quality loop controls, which standardized the research process and the interpreta-
tion methods. During the investigation process, differences among the webpages
regarding their professionalism were identified. Moreover, certain service categories
(such as “customer seminars” or “technical user training”) were not sufficiently
distinguished on the webpages by companies. These hurdles were diminished through
the domain knowledge of the researchers and peer-reviews, discussions, and inter-
pretations of these challenging webpages or service presentations. Furthermore, a
critical mass of company webpages with higher content quality was guaranteed in
this process, in order to generate the basis for the second method and to prevent and
limit vagueness of information provided.

3.4 Web Analysis Using Artificial Intelligence

In the second step, the data obtained from the manual webpage analysis was used
as training data to perform identification of offered services on webpages. Based on
the annotations, we trained a logistic regression classifier, which assigns a weight for
every combination of words from the training data and service categories investigated.
A higher weight indicated that some word was more likely to serve as evidence for
a particular kind of service being offered.

The input features of our logistic regression model were derived from the indi-
vidual words included on the analyzed websites. In order to overcome the limited
size of the training data and to be able to process websites in multiple languages,
we replaced every content word found on the websites with their five most similar
English synonyms/translations.

In order to do so, we performed an automatic language detection on the contents of
the websites and relied on cross-lingual word embeddings (CLWEs) to find the most
likely synonym/translation of a word [34]. Word embeddings assign a vector to every
word form in a way that words with similar meaning get assigned to vectors with
similar orientations. CLWEs also have the desirable property, that they are insensitive
to the particular language a word is written in, e.g., it assigns a similar vector to the
German word ‘Hund’ and the English word ‘dog’, as they have the same meaning.
We used our logistic regression classifier for the individual webpages of a company
website traversing the websites in a priority queue. The priority queue contained at
most 200 websites that could be reached via at most clicking three hyperlinks from
the start page. The priority queue contained the URLs ranked by an additional model
which tries to predict the likelihood that the given URL contained some evidence
being offered by the company based on the URL itself, e.g., an URL containing
/our-services/ is more likely to contain mentions of services a priori compared
to another website that contains /contacts/. The limit for checking up at most
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200 websites per company website at most 3 hops away from the starting page was
introduced for performance reasons and also as human annotations generally behaved
like that as well. As these choices resembled that of the annotators, we refer to this
variant of our approach as our model imitating human behavior.

We also made a more permissive variant of our approach which also considered
the analysis of those webpages that were up to 10 clicks away from the initial website
to start the analysis from. We refer to this kind of analysis as the in-depth analysis
hereinafter.

The logistic regression classifier can assign a probability value of every webpage
promoting a certain service. For a company website we calculate all these probability
values for all the services towards all the (at most 200) webpages our ranking module
selects for analysis, then for each service category choose the highest probability
value obtained and take it as the probability of the given company offering that given
service. We conclude that a given service is offered by a company whenever the
corresponding probability exceeds 0.5, i.e., it is more likely to be offered than not.

4 Findings

The results in Table 1 show considerable differences between the website research
performed by human annotators and by the Al algorithm imitating human behavior.
Even greater disparity can be observed when comparing human annotations with the
results provided by the in-depth Al analysis. In all the service categories analyzed,
the Al was more likely to find service offerings on company webpages compared
to the annotations performed by humans. These discrepancies might be the result of
ineffective and imprecise promotion of services on the webpages resulting in lower
visibility of offerings for human researchers.

The service category, which is promoted by companies on the webpages at the
highest rate is product lifecycle services. Within this service group, humans found
the most service offerings in spare parts category (26.03%), whereas artificial intel-
ligence detected the highest percentage of services in maintenance (38.87%). On the
contrary, the category with the lowest rate of service offerings as identified both by
humans and the Al is the financial services, more specifically pay per use services,
where human annotations identified that only 0.2% of companies offer these services,
compared to 0.94% identified by the in-depth Al analysis.

Table 2 shows that the average number of service offerings identified on a single
webpage analyzed by humans is 2.12, compared to the results of 4.01 and 4.41
found by human-imitating Al and in-depth AI analysis respectively. Even though
manufacturing is considered a sector with a high rate of servitization compared to
other industries, all three figures show a relatively low number of services offered
by companies, indicating a need for improvement and increase in service promotion
in the industry.
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Table 2 The average number of services identified on company webpages based on different
research methods applied

Service category Human Prediction Prediction Prediction Prediction
annotations | (Al imitating | (Al imitating | (in-depth Al | (in-depth Al

human human analysis) analysis)
behavior) behavior)

Sample size | n = 1487 n = 1487 n="7740 n = 1487 n="7740

Average 2.12 4.01 3.23 4.41 3.58

number of

services

identified on

company

webpages

5 Outlook and Limitations

The article contributed to literature in a relatively new and rapidly developing field.
However, further research and verification are advised, such as a qualitative inves-
tigation analyzing the reasons of underrepresentation of services. Moreover, further
quantitative research could provide insight and empirical understanding of compa-
nies’ point of view and verify the results. This research also highlights the impor-
tance and necessity of action in the field of management and marketing of services,
as the lack of service offerings on company webpages or their poor visibility pose a
significant challenge for procurement performed by human employees. The results
presented support the applicability and effectiveness of artificial intelligence tools in
the field of procurement due to the low quality of information provided on webpages
of suppliers. Further research should also establish if the lack of service offerings
on company webpages stems from insufficient marketing or if companies are indeed
not offering many services and are, therefore, not presented on webpages.

Certain biases might have affected the results of the article. Insufficient or noisy
annotations by humans might have led to skewed results, which is particularly impor-
tant for services with large gaps between the different stages of the research process.
Annotators might have had different labeling preferences and styles, which could
have resulted in discrepancies of information collected. Moreover, a sampling bias
might have occurred due to the selection of particular types of companies.
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