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Abstract

Purpose — The purpose of this paper is twofold: to identify and map contemporary research on advanced
technology implementations for problem-solving purposes in the manufacturing industry, and to further
understand the organizational learning possibilities of advanced technology problem-solving in the
manufacturing industry.

Design/methodology/approach — This paper outlines a scoping review of contemporary research on
the subject. The findings of the review are discussed in the light of theories of contradicting learning logics.
Findings — This paper shows that contemporary research on the subject is characterized by technological
determinism and strong solution-focus. A discussion on the manufacturing industries’ contextual reasons for
this in relation to contradicting learning logics shows that a Mode-2 problem-solving approach could facilitate
further learning and expand knowledge on advanced technology problem-solving in the manufacturing
industry. A research agenda with six propositions is provided.

Originality/value — The introduction of advanced technology implies complex effects on the
manufacturing industry in general, while previous research shows a clear focus on technological aspects of
this transformation. This paper provides value by providing novel knowledge on the relationship between
advanced technology, problem-solving and organizational learning in the manufacturing industry.

Keywords Problem-solving, Advanced technology, Organizational learning, Scoping review,
Manufacturing industry

Paper type Literature review

Introduction

The introduction of advanced technology has brought expectations of a series of paradigm
shifts in the nature of work. However, despite the big promises, many companies experience
issues finalizing advanced technology projects (Westenberger et al, 2022), integrating new
advanced technology into their operations (Sjodin et al.,, 2021), scaling up pilot projects, not
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seeing the predicted revolutionary change (Davenport and Ronanki, 2018; Fountaine et al,
2019) and generally not solving their problems with advanced technology as expected. In
manufacturing industry in particular, these struggles are further combined with difficulties
understanding the added value of the capabilities of advanced technology implementations
(Burggrif et al., 2021). By being stuck in ad-hoc projects (PWC, 2021) and not seeing the
expected benefits despite industrious efforts (Makarius et al, 2020), many companies in the
manufacturing industry risk allocating resources to advanced technology problem-solving
implementations that might never provide value.

Problems in organizations create suitable foundations for learning (Engstrom, 2014), and
technological change most often affects current ways of working, hence triggering
organizational learning in the manufacturing industry (Shahlaei and Snis, 2022). Thus,
problems and problem-solving processes should be viewed as learning opportunities in
relation to advanced technology to face potential implementation challenges (Davenport and
Ronanki, 2018). However, when it comes to advanced technology, most companies lack an
understanding of its capabilities and potential in their current approaches (Davenport and
Ronanki, 2018; Kane, 2019; PWC, 2021). In addition, rapid technological changes in
manufacturing industry tend to hinder forces that support organizational learning (Shahlaei
and Snis, 2022), and the advanced technology currently finding its way into most operations
is considered more complex than before (Davenport and Ronanki, 2018).

To support manufacturing companies in their advanced technology implementations for
problem-solving purposes, more knowledge on the relationship between advanced
technology, problem-solving and organizational learning is needed. As organizational change
occurs in the field between existing and new knowledge (Watzlawick ef al.,, 2011), theories of
contradicting learning logics are applied in this research. The objective is twofold: to identify
and map contemporary research in the field by conducting a scoping review, and to discuss
the findings with theories of contradicting learning logics and problem-solving. To approach
this objective, this paper aims to answer the following research questions:

RQI. “What is the state of contemporary research on advanced technology
implementation for problem-solving in the manufacturing industry?”

RQ2. “How can contemporary research on advanced technology implementation for
problem-solving in manufacturing industry be understood from a learning
perspective?”

Theory

Conceptualizing problems and problem-solving

Problems and problem-solving do not hold a single universal definition (Frensch and Funke,
1995) and have been systematically explored since the beginning of the 19th century, with
roots in cognitive and gestalt psychology (D’zurilla and Goldfried, 1971; Dunbar and
Fugelsang, 2005; Funke, 2013; Scheerer, 1963). Contemporary definitions stem from a mixture
of disciplines (Frensch and Funke, 1995), including cognitive psychology (Thorndike, 1898),
engineering (Woods ef al, 1997), organizational learning (Edmondson, 2018), mathematics
(Polya, 2004) and computer science (Newell and Simon, 1972). Regardless of context, the
central meaning of problems and problem-solving do share some common denominators
independent of conditions: there is a current state, there is a desired state and there is an actor
who experiences disruption and lack of knowledge about potential courses of action to get
from one to the other (Frensch and Funke, 1995). Thus, a problem is not a stand-alone task but
an interaction between the problem characteristics and an actor (Frensch and Funke, 1995),
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Figure 1.

Simplified illustration
of the problem-
solving process as
conceptualized in
literature from
different disciplines

resulting in a plethora of problem-solving methodologies. Based on a synthesis of problem-
solving literature from different disciplines, a common, simplified process infers three stages,
as illustrated in Figure 1. First, the problem is found/identified by the problem-solver,
conceptually understood and its parameters defined; second potential solutions are found,
identified, understood and evaluated; and finally, the most suitable solution is implemented
(Basadur et al, 1982; Frensch and Funke, 1995; Mohaghegh and Furlan, 2020; Morgan, 2020,
Newell and Simon, 1972; von Hippel and von Kroch, 2013).

How this process is approached is, according to Mohaghegh and Furlan (2020),
dependent on a set of predetermined factors. One is the nature of the problem, in which ill-
structured problems indicate complex interconnectivity of variables, often requiring unique
and adjusted problem-solving approaches, while well-structured problems indicate
transparent and recurring information about variables that allows for more standardized
problem-solving approaches (Mohaghegh and Furlan, 2020). Other factors are time
availability; a problem under time pressure may result in either jumping to unsustainable
solutions too fast or even ending up solving the wrong problem, and information
availability, as a lack of information about the problem variables and context leads to
difficulties in finding a solution (Mohaghegh and Furlan, 2020). In addition, collaborative
culture is an important factor, as it is found that individuals in collaboration outperform
individuals working alone, and finally, environmental dynamism, inferring that the
problem-solving approach is affected by external factors such as level of competition and
level of technological development (Mohaghegh and Furlan, 2020). A change in the
conditions surrounding the problem thus calls for a new problem-solving approach
(Joksimovic et al., 2023).

Solving manufacturing industry problems with advanced technology

In this research, manufacturing industry is referred to as the sector of economy in which the
final output is something produced from raw materials systematically using different kinds
of machinery. Manufacturing industry problem-solving is thus commonly viewed as
improvement-based initiatives (Mohaghegh and Grofiler, 2021) and is often approached with
established methodologies such as Lean (Six Sigma, Kaizen, etc.) (Womack and Jones, 1997).
Other methodologies include A3 Thinking, Root-Cause Analysis, 5-Why and Design
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Thinking (Liedtka, 2020; Mohaghegh and Furlan, 2020; Mohaghegh and GroBler, 2021,
Womack and Jones, 1997).

The introduction of new and advanced technology has, however, inferred a new era of
problem-solving in the manufacturing industry, in which the integration of established
approaches and new technological aspects is key (Joksimovic et al., 2023; Singh et al., 2021).
Advanced technologies such as Artificial Intelligence, Internet of Things, Robotics and
Additive Manufacturing are some examples that are considered the main pillars for building
the future of industry (Zheng et al., 2021), and analytical tools related to these technologies
provide both production optimization, forecasting, logistics and decision support
opportunities in internal processes (Frank ef al., 2019; Von Krogh, 2018). A recent study by
Shahlaei and Snis (2022) shows that organizations in manufacturing industry, when faced
with technological change, tend to adapt quickly as they are somewhat forced to engage in
explorative possibilities. However, findings also show that technological change tends to be
rapid in nature and sometimes hinders the reflection time needed to adjust and learn
properly (Shahlaei and Snis, 2022). Findings by Engstrom (2014) further show that
technological problems tend to be prioritized in organizational settings, and although there
is considerable knowledge on the technologies and their meaning for innovation, there is still
a knowledge gap related to many of the circumstantial aspects, such as organizational
impact or effect (Ivaldi ef al, 2022). Subsequently, the revolutionary promises of advanced
technology implementations are at times referred to as a hype (Davenport and Ronanki,
2018; Jarrahi, 2018).

A recent review by Joksimovic et al. (2023) on the application of Artificial Intelligence
(A]) in problem-solving activities mapped contemporary research on the subject and found
that many studies are indeed found in the areas of engineering and industry; however, both
theory development and implementation focused studies are not prioritized. It has also been
found that research connected to Industry 4.0 is most often focused on the actual
technologies and optimization problems (Zheng et al, 2021), and research on advanced
technology in general tends to have a strong solution focus (Sturm ef al., 2021). Despite these
focuses in research, companies face a lot of other problems with different characteristics
daily, including problems related to worker skills, inventory, supply chain disruptions,
worker safety, consumer trends, maintenance and innovation.

Problem-solving and organizational learning

Similar to previous elaboration, in learning theory, problem-solving refers to the process of
going from current to desired state, and the challenge of one’s existing knowledge, acting on
new assumptions and learning from the results are what make problem-solving strongly
connected to organizational learning (Argyris, 1976). The concept of organizational learning
further refers to the study of collective learning and knowledge creation within an
organization to increase adaptability, innovation and performance (Argyris and Schon,
1978). However, the review by Mohaghegh and Furlan (2020) shows that there is a
consensus among scholars that not all problem-solving results in learning. As mentioned, a
problem is not a problem until experienced as such by an actor (Frensch and Funke, 1995).
Thus, one of the main foundations of problem-solving is cognitive processing (Mohaghegh
and Furlan, 2020). According to the influential work by Newell and Simon (1972), problem-
solving modes based on behavioural response are divided into two modes: searching for the
most satisfying solution by trial-and-error (quick and dirty) or focusing on the problem
analysis to arrive at a solution that keeps the problem from recurring (slow and steady).
Different problems require different modes, and different terminology for these modes is
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used in different disciplines. Therefore, to simplify the use of terminology, this paper will
hereon forth refer to these modes as Mode-1 and Mode-2 problem-solving and learning.

The trial-and-error mode, Mode-1, provides short-term improvements, in which the core
idea is that the problem-solver approaches the problem with existing knowledge, behaviour
and set of assumptions with the short-term goal of correcting an error. In learning and
organizational change literature, this is referred to as single-loop learning (Argyris, 1976;
Argyris and Schon, 1997), first-order change (Watzlawick et al, 2011), System-1 problem-
solving (Mohaghegh and Furlan, 2020; Mohaghegh and GroBiler, 2021) or exploit (March,
1991). The work of Edmondson (2018) refers to this approach as learning from failures, in
which mistakes are viewed as learning opportunities. Today, these experimental
approaches to problem-solving have proved successful (Ferraro ef al, 2015; Garud, 2020,
Liedtka, 2020), and their core assumptions are often central to many of the aforementioned
problem-solving methodologies used in the manufacturing industry. According to Liedtka
(2020) and the ideas of Design Thinking, the success factor of this mode lies in its closeness
to practice, which frees the problem-solving process from abstractness. Support for this can
also be found in Schon’s (1984) ideas of reflecting in action, in which thinking is not
separated from doing and thus facilitates learning in action. Although the Mode-1 approach
is useful in certain situations due to its minimal requirements of resources, it may fail to
contribute with sustainable solutions as attention is not put on the analysis and
understanding of the problem (Mohaghegh and Grofiler, 2021).

The latter, slow and steady Mode-2, is about going to the root cause of the problem,
engaging in analysis of its logical aspects and antecedents, and thus providing sustainable
solutions based on careful analysis (Mohaghegh and Furlan, 2020). In learning theory and
theory of organizational change, this is referred to as double-loop learning (Argyris, 1976;
Argyris and Schon, 1997), second-order change (Watzlawick ef al.,, 2011), System-2 problem-
solving (Mohaghegh and Furlan, 2020; Mohaghegh and GroBler, 2021) or explore (March,
1991). The aim is to test existing assumptions and expand knowledge about the problem
instead of focusing on its solution (Mohaghegh and Furlan, 2020). Mode-2 infers learning
from further investigating the problem and, hence, expanding knowledge on potential
solutions as well as challenging existing behaviour (March, 1991; Mohaghegh and Grofler,
2021). It is useful for establishing sustainable solutions but could, however, result in an over-
abstraction (as aforementioned stated by Liedtka, 2020), in which extensive resources might
be allocated to non-applicable conceptual work. By engaging only in Mode-2, organizations
may create an unstable system and lose the ability to leverage and use existing capabilities
in their processes (Mohaghegh and GroBler, 2021). However, the surge in technological
change forces manufacturing companies to transform from production companies to
development companies and thus engage in more of a Mode-2 approach (Ivaldi et al., 2022,
Shahlaei and Snis, 2022).

Methods

Scoping reviews are characterized by covering the scope of a specific subject in existing
literature and applying a systematic approach while objectively disregarding quality (Booth
et al, 2012; Munn et al, 2018). The retrieval of the literature in this scoping review was
conducted as a database keyword search in accordance with procedural guidance by Booth
et al. (2012). The databases searched were Scopus, Web of Science, and ProQuest Central.
Scopus and Web of Science were chosen because of their comprehensiveness. ProQuest
Central was chosen for its multidisciplinary focus on social sciences, technology and
business, which fit with the combination of concepts of interest in this review. As several
online sources claim that Scopus is one of the most extensive databases, the searches in



Scopus included all fields (title, abstract, full text), while searches in Web of Science and
ProQuest Central were considered complementary and only included title searches. Scopus
was searched several times with new combinations of search words as new knowledge
about the field emerged during the screenings.

Block searchers were used, in which synonyms of two main concepts of interest
(advanced technology and problem-solving) of the review were combined in different
constellations using Boolean operators “OR” and “AND”. As the results showed which
terms were frequently used, new keywords were added to the searches during the process.
Keywords included: “problem-solving”, “problem-definition”, “problem-understanding”,
“problem™”, “issue”, “challenge”, “artificial intelligence”, “Al”, “machine learning”, “ML”,
“data-driven”, “industry 4.0”, “industry”, “organization” and “business”. For the inclusion
criteria, only research published in the last 5years was included to keep the focus on
contemporary research. As mentioned, the term “problem” indicates different things in
different subject areas. Inclusion criteria therefore included delimiting the search to areas
such as “social science”, “business”, “engineering” and “management”, and excluding areas
such as “mathematics” and purely “computer science” to maintain the focus on the problem
term as defined in the theory section. However, it is here worth noting that the findings of
the review included several papers directly connected to the field of computer science,
despite the active choice to exclude this area. This is further discussed in the results section.

The search and review were inspired by and conducted using the preferred reporting
items for systematic reviews and meta-analyses (PRISMA) flow procedure (PRISMA, 2021),
as depicted in Figure 2. The keyword database search from all three databases resulted in a
total of #» = 1,695 articles. The first step of the selection process was a title screening, in
which titles with a clear connection to and/or combination of the keywords used in the
search were included. The results were in this stage condensed to 7 = 299. Followingly, an
abstract screening was conducted, in which the articles with the focus on problem-solving,
manufacturing industry and advanced technology were chosen for further examination.
Articles not focusing on problem-solving or advanced technology were excluded, as were
articles focusing on other contexts than manufacturing industry, such as education,
healthcare or agriculture. Quality measures were also taken at this stage, as the journals in
which the articles were published were searched in the Norwegian List (Scientific Publishing
Knowledge Base). Articles published in journals rated as 1 or 2 according to the websites’
score system were included, as this meant that they were approved by a scientific editorial
board, peer-reviewed, were internationally acknowledged and had approved International
Standard Serial Numbers. This stage resulted in 7z = 126.

The next step was a full-text screening of the 7z = 126 articles, which meant re-reading
the abstracts more carefully, as well as further screening the article in its entirety to get a
sense of its content. Of the 126 articles, 28 were removed as they were duplicates. During the
full-text screening stage, it became clear that the nature and characteristics of the articles
were approaching saturation. Many studies reported on in the articles were becoming
similar to a majority of the ones that had already been screened and did not provide
additional knowledge in relation to the research questions. In all, 20 articles were therefore
not included in the final selection after the full-text screening; three articles were removed, as
they lacked a definite, concrete connection to advanced technology. The final selection of
articles in the review was # = 35.

The final selection of articles was inserted into an Excel sheet, demographically
described by study type, research area, methods, industrial focus, and problem-solving
connection. Purely demographic characteristics such as publication year, country of origin
and more were not included in this analysis as they were not of interest for the study
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Figure 2.
Visualization of
literature search and
review procedure,
inspired by PRISMA
flow diagram
(PRISMA, 2021)

SCOPUS WEB OF SCIENCE ~ PROQUEST CENTRAL
DATABASE RESULTS N=1286 N =255 N =154
TOTAL | |
ARTICLES INCLUDED AFTER — ~ _
TITLE SCREENING N =241 N =42 N=16
ARTICLES INCLUDED AFTER
ABSTRACT SCREENING N=126

ARTICLES INCLUDED AFTER N
FULL TEXT SCREENING

I
ul
0

FINAL SELECTION OF ARTICLES N =35
INCLUDED IN REVIEW -

Source: Authors’ own work

objectives. The analysis was conducted in two stages: first, the demographic information
about the final selection of articles was aggregated into a table (see Table 1) to map
contemporary research on the subject. Secondly, the findings of the scoping review were
discussed with theories of contradicting learning logics.

Results

First, as seen in Table 1, a clear majority of articles included in the review had a quantitative
methodological approach in which computational experiments or simulations of a more or less
abstract and often explorative nature were conducted. Many of these studies’ objectives were
to test either established or new algorithms/models on either empirically collected data
(Abdirad et al., 2021; Guo and Hesthaven, 2019; Duc and Nananukul, 2020) or on fictional
datasets (e.g. Dias and Ierapetritou, 2019; Garbaya ef al, 2022). In terms of research design,
most of these studies first outlined a conceptual phase in which the algorithm/model is either
developed or conceptually discussed, followed by a testing phase, and finally a discussion of
the results. The two articles of conceptual nature were Francalanza et al (2018), which
discussed manufacturing systems as wicked problems, and Hobscheidt et al. (2021), which
discussed and categorized common Industry 4.0 problems from a socio-technical perspective.
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Table 1.



Three articles were literature reviews on different subjects. Burggrif ef al (2021) meta-
approached machine learning techniques for facility layout problems; Islam et al (2020)
examined the literature on machine learning application to an established optimization
problem (well-placement problem), and Singh ef al. (2021) reviewed the trends in machine
learning for logistics problems.

As seen in Table 1, there was a rather even distribution between the research areas of
electronics, engineering, computer science, operations management, information systems
and multidisciplinary research in the results. Although the search strategy aimed to include
research from social science areas such as business- and/or organization studies, none of the
articles reviewed positioned themselves within the social sciences. It is further worth noting,
again, that “computer science” was consciously excluded from the literature search but still
constituted a significant part of the results. This result is considered important, as it
supports the notion that the field is somewhat technologically deterministic.

A similar trend was observed when categorizing the industrial focus of the final selection
of articles; only two articles reviewed focused on contexts of a “softer” nature. Here, de Jager
and Nel (2019) studied workflows and business process automation focusing on image
digitization, and Jhaver et al (2019) examined the application of a prediction system to
employee turnover. Furthermore, as seen in Table 1, there was also a connection to the
methodological categorization. For example, articles studying areas in which operational
problems were of focus, such as distribution- and facility-related, production- and
manufacturing-related and machinery-focused, employed quantitative, experimental/
simulation-based methods. Nonetheless, the results show that contemporary research on the
subject holds a clear industrial focus on the operational level and somewhat neglects
strategic and/or organizational processes in a manufacturing company.

Finally, the problem-solving connection of the reviewed articles is depicted in Table 1,
aiming at categorizing the meaning and usage of the terms “problem” and “problem-solving”
in the area. Another connection to the methodological and industrial focus of the reviewed
articles is seen here, as articles focusing on the operational areas of a manufacturing industry
while adopting quantitative methods also viewed problems as a situation to be solved and
attempted solutions using technological tools (Agrawal ef al., 2022; Chen et al, 2021; Dias and
lerapetritou, 2019; Fang et al., 2019; Pisacane ef al, 2021 and several more). A smaller sample
of the articles studied problem-solving from a methodological/process-based perspective.
These included Berges et al. (2021), who studied root-cause analysis approaches in relation to
machine learning and data analytics, and Xu and Dang (2020), who focused on causal analysis
in problem-solving using data-driven approaches. Three articles focused on studying and/or
identifying problems per se, for example, Singh et al (2021), who discuss different logistics-
related problems and their connection to machine learning. Two articles focused on practical
business problems: Jhaver ef al (2019) and employee turnover, and Vithitsoontorn and
Chongstitvatana (2022) and demand forecasting.

Analysis and research agenda
The first research question of this paper is: “What is the state of contemporary research on
advanced technology implementation for problem-solving in the manufacturing industry?”.
Connecting back to the introduction of this paper, it is clear that expectations for using
advanced technology to solve company problems on both strategic and operational level are
high (Frank et al., 2019; Von Krogh, 2018). The scoping review results presented in Table 1
display two clear lines of thought that are discussed as answers to the question.

First, the results show a clear focus on operational-level problems, optimization problems
in particular, and different quantitative approaches towards them, while problems of softer
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nature are not given equal attention. This finding is in accordance with conclusions by
Engstrom (2014), stating that technological problems tend to be prioritized in organizational
settings, and with Zheng ef al. (2021), commenting that research on advanced technology in
the manufacturing industry is generally focused on the actual technologies and, by extension,
optimization problems. This finding could have a contextual explanation, as manufacturing
industry has historically applied improvement-based problem-solving approaches, as
exemplified in the theory section (Mohaghegh and GroBler, 2021; Womack and Jones, 1997).
As stated by Mohaghegh and Furlan (2020), the nature of the problem affects the suitable
mode for approaching it and distinguishes between ill- and well-structured problems.
Technological problems, which are often the nature of operational and optimization problems,
comprise the characteristics of a well-structured problem with its transparent variables and
are therefore suitably approached with standardized problem-solving methods (Mohaghegh
and Furlan, 2020), as is the case in manufacturing industry. The complex interconnectivity of
ill-structured problems, which most problems involving social aspects could be considered as,
requires other problem-solving techniques and attitudes (Mohaghegh and Furlan, 2020) that
may perhaps generate friction with established problem-solving culture of the manufacturing
industry. And so, by maintaining the focus on operational and/or optimization problems,
research on the subject stays familiar with the situational-experimental mode of solving
problems. In other words, it can first be suggested that contemporary research on advanced
technology implementation for problem-solving in the manufacturing industry holds a
technological deterministic view, as there is a significant focus on well-structured operational/
optimization problems and a quantitative, positivistic approach towards solving them.

Secondly, as mentioned, aggregated problem-solving literature roughly divides this
process into three parts: finding, understanding and defining the problem; finding,
understanding and evaluating potential solutions; and implementing the chosen solution
(Basadur et al., 1982; Frensch and Funke, 1995; Mohaghegh and Furlan, 2020; Morgan, 2020,
Newell and Simon, 1972; von Hippel and von Kroch, 2013). In accordance with comments by
Sturm et al (2021), the findings in the scoping review displayed in Table 1 show a clear
focus on the solution phase. This too could be an effect of above discussed established
problem-solving culture in the manufacturing industry (Mohaghegh and Grof3ler, 2021;
Womack and Jones, 1997), but could also have to do with what Mohaghegh and Furlan
(2020) refer to as environmental dynamism as an impacting factor of problem-solving; the
level of competition surrounding the hype narrative of advanced technology (Davenport and
Ronanki, 2018; Jarrahi, 2018) could stress the process of implementing advanced technology
for problem-solving purposes in manufacturing industry, forcing the process to go into the
solution phase. This is in further accordance with findings by Shahlaei and Snis (2022),
showing that manufacturing industry is somewhat coerced into change in times of
technological advancement. The findings are also in accordance with results in the review
by Joksimovic et al. (2023), stating that research on Al and problem-solving in the
manufacturing industry lacks a focus on the implementation stage as well as with
statements by Sturm et al. (2021), saying that research on advanced technology and
problem-solving in general lacks a focus on the initial, conceptual phases of the problem-
solving process. In other words, it is suggested that a combination of the problem-solving
culture of manufacturing industry and external competitive forces that generally surround
the advanced technology transformation force the field into a clear focus on the solution
phase of the problem-solving process.

The second research question of this paper read: “How can contemporary research on
advanced technology implementation for problem-solving in manufacturing industry be
understood from a learning perspective?”. This question is answered building on the answer



to the first question and the results of the scoping review in light of contradicting learning
logics as described in the theory section.

As mentioned, the new paradigm of problem-solving practices that the introduction of
advanced technology infers requires an integration of both new and old, but also of
machines and humans (Jarrahi, 2018; Joksimovic et al., 2023; Singh et al., 2021; Von Krogh,
2018). Seen from a problem-solving perspective, this implies a change in the nature of the
actual problems and, thus, a change in suitable and successful problem-solving approaches
(Joksimovic et al., 2023). The scoping review findings display a clear focus on operational
and/or optimization problems, meaning that they are most likely found, identified, and their
potential solutions discussed based on existing knowledge and resources. In other words, it
is proposed that the focus in these specific areas ensnares the research on advanced
technology implementations for problem-solving in the manufacturing industry in what is
in this study referred to as Mode-1 problem-solving and learning, engaging in trial-and-error
short-term improvements with the aims of correcting errors, and potentially failing at
contributing with sustainable solutions (Argyris and Schon, 1997; Mohaghegh and GroBler,
2021; Watzlawick et al., 2011). In this particular area of context, sustainable is somewhat
synonymous with socially and practically applicable in “real life”.

Furthermore, the clear focus on the solution phase of the problem-solving process found in
the scoping review results adds another dimension to this issue. By engaging in Mode-1
problem-solving and learning while focusing on the solution phase, it is suggested that both
the initial phase of finding, understanding, and defining the problem, as well as the actual
implementation phase are colored by the exploitative mechanisms that characterize Mode-1.
In other words, affected by predetermined assumptions and behaviours (March, 1991).
Staying in this loop could contribute to the choice of problems to be focused on in terms of
advanced technology implementations as current knowledge is not challenged but used as a
foundation for engaging in problem-solving (Argyns 1976). By engaging in Mode-1 problem-
solving and learning, manufacturing companies may restrict themselves to using the full
potential of the new and advanced technology without gaining new knowledge about
exploring innovative ways of adopting it. This statement is somewhat in accordance with
findings by Shahlaei and Snis (2022), who say that technological change in the manufacturing
industry tends to lack time and space for reflection —a key aspect for organizational learning.

To learn from problems, organizations must allow existing knowledge to be challenged
and act on new assumptions (Argyris, 1976). As a countermeasure to the identified Mode-1
conditions on the subject, the argument here is that contemporary research on the subject,
and in extension, the practical adoption of such results, should embrace the central ideas of
Mode-2 problem-solving and learning in advanced technology implementations for problem-
solving purposes. This infers taking the time to go to the problem, as advocated by Sturm
et al. (2021), reflect on it properly (Shahlaei and Snis, 2022), test existing assumptions about
it, expand the knowledge about it, and hence, expand the knowledge on potential solutions
as well as choosing sustainable courses of action (Argyris and Schon, 1997; March, 1991;
Mohaghegh and Furlan, 2020; Watzlawick et al, 2011). Although consciously adopting
Mode-2 may result in excessive abstractedness (Liedtka, 2020) and a loss of using existing
capabilities (Mohaghegh and GroBler, 2021), its explorative nature may on the other hand
contribute to the generation of new knowledge about potential use of advanced technology
implementations for problem-solving. Further support for this argument could be found in
some of the impacting factors of successful problem-solving as listed by Mohaghegh and
Furlan (2020); engaging in Mode-2 problem-solving could enhance the time availability for
solving the problems, increase the information availability of the problems, promote the
collaborative culture surrounding the problems, and thus increase the possibilities for
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Table 2.
Proposed research
agenda to expand
knowledge on the
subject

generating practically applicable and sustainable solutions. From a more long-term
perspective, the idea of further adopting Mode-2 is in some ways supported by Shahlaei and
Snis (2022) and Ivaldi et al. (2022), stating that manufacturing industries are moving from
being production companies into being development companies, thus naturally more
explorative in their nature.

To further support the transition of contemporary research on advanced technology
implementation for problem-solving purposes in manufacturing industry, and in extension,
the transition for manufacturing industry companies from engaging in Mode-1 into Mode-2
in terms of problem-solving and organizational learning, a research agenda with six
propositions based on the findings of the scoping review and the discussion with
contradicting learning logics of the findings is presented in Table 2 and elaborated on below.

P1 is to expand the methodological repertoire in the field to include empirically anchored
and practical application studies. This is grounded in the scoping review findings showing a
lack of empirical anchoring of tested algorithms and models (see Table 1), as well as the
identified solution focus of the field. By including more empirically anchored studies, both
the initial and implementation phases of problem-solving processes could be further
understood, as advocated by Sturm et a/. (2021) and Joksimovic et al. (2023). Further research
on empirically anchored applications may also support manufacturing industries in
understanding added value of advanced technology, as commented by Burggrif et al. (2021).
Furthermore, additional empirical studies in the field are suggested to enhance the
theoretical understanding of organizational learning on the subject, as learning could be
studied and evaluated during implementation processes per se.

P2 is to include additional research paradigms and designs to allow for a perspective
expansion on the subject. The scoping review findings display a positivistic tradition in
which quantitative methods are explicitly used, which is useful for the technologically
deterministic state of the subject, however, may risk neglecting others. This notion is in
accordance with findings by Engstrom (2014), who commented that technological problems
tend to gain more attention in organizational settings. By including research paradigms
connected to social sciences and qualitative methods (e.g. interpretivism, pragmatism and
action research), further theorization in the field could be possible, as advocated by
Joksimovic et al. (2023). In addition, Ivaldi ef al. (2022) comment that there is a knowledge
gap related to circumstantial aspects of advanced technology introduction in terms of

Methodology

Context

Perspective

1. Expand methodological
repertoire to include
empirically anchored and
practical application studies
2. Additional research
paradigms and designs to
allow for perspective
expansion on the subject

Source: Authors’ own work

3. Focus change to initial phase
of problem-solving (i.e. problem-
finding, problem-understanding,
problem-definition) as well as to
the solution implementation
phase

4. Broaden the scope to
additional problems to promote
advanced technology innovation
and organizational learning
connected to technology

5. Include social and socio-
technical perspective in the
field to promote practical use of
advanced technology and
increase organizational
learning

6. Further develop the concepts
of problems and problem-
solving in the context of
advanced technology
transformation to facilitate
further research on the subject




organizational impact. This gap could, proposedly, be approached by including additional
research paradigms, scientific lines of thought, and social science-related methodologies,
and, in extension, by allowing for additional knowledge on the relationship between
organizational learning, advanced technology implementation and problem-solving.

P3 is to include additional research focusing solely on the initial and final phases of the
problem-solving process, as depicted in Figure 1. As commented by Sturm ef al. (2021), initial
phases of the problem-solving process are clearly neglected in general problem-solving
literature, as well as in the field of problem-solving with advanced technology. This change of
focus could facilitate Mode-2 problem-solving and learning (as described by (Argyris and
Schon, 1997, March, 1991; Mohaghegh and Furlan, 2020; Watzlawick et al, 2011) and thus
allow for more exploratory approaches towards advanced technology implementations for
problem-solving purposes. Such focus could also provide companies struggling with
understanding the added value of advanced technology capabilities, as commented by
Burggrif et al (2021), as well as identify further potential by expanding current approaches, as
advocated by Davenport and Ronanki (2018) and Kane (2019). Davenport and Ronanki (2018)
further comment that the new and advanced technology now entering is more complex than
before, and thus, it is suggested that established problem-solving approaches and research
focus on the solution phase may hinder for expanding theoretical knowledge in the field of
organizational learning, also in accordance with the notion by Joksimovic et al. (2023),
commenting that a change in conditions surrounding a problem calls for new problem-solving
approaches.

P4 infers studying other problems than operational and/or optimization problems. The
findings imply that contemporary research on these types of problems forces the field into
Mode-1 problem-solving and learning as the problems are most often of a well-structured
nature (Mohaghegh and Furlan, 2020), and thus solvable with established methods. By
including other problems, knowledge on ill-structured problems and, thus, a more holistic
understanding of advanced technology possibilities for problem-solving purposes can, as
proposed, be achieved. In extension, companies struggling with seeing the potential of
advanced technology, as commented by Burggrif ef al. (2021), are suggested to achieve
deeper understanding of advanced technology capabilities and thus, understand its
innovation value. Studying problems of more social nature may also open up for additional
studies focusing on organizational learning in relation to problem-solving with advanced
technology in the manufacturing industry.

P5 implies including more social and socio-technical aspects in the research field. As
stated, advanced technology is expected to have a significant impact on both operational
and strategical areas (Frank et al, 2019; Von Krogh, 2018), and to implement advanced
technology is to open up new types of integration (Flores et al., 2020; Joksimovic et al., 2023;
Singh et al, 2021). Since a challenge for companies in terms of advanced technology
transformation is understanding its use and value as well as treating their problems as
learning opportunities (Davenport and Ronanki, 2018; PWC, 2021), a shift in the field to
include social and socio-technical perspectives on problem-solving in the manufacturing
industry involving advanced technology is imperative. Furthermore, as commented by
Mohaghegh and Furlan (2020), collaborative culture is identified as an important impacting
factor for problem-solving success, while Ivaldi et al (2022) comment that there is a
knowledge gap related to organizational impact of technology implementations. It is thus
finally suggested that a further social and socio-technical focus in the field would provide
additional knowledge on advanced technology problem-solving from a more holistic point of
view.
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Finally, proposition 6 is to further evolve and study the terminology related to problems and
problem-solving in the context of advanced technology implementations and in relation to
organizational learning. As stated, the terms “problem” and “problem-solving” in relation to
technology are often connected to mathematical (and thus, optimization) problems, which could
be one of the reasons why the findings of this review point to technological determinism in the
field. However, many social science scholars studying advanced technology in organizations
refer to companies’ implementation challenges as not properly understanding the “problem” or
not using “problem-solving” as learning opportunities (Davenport and Ronanki, 2018). The
proposition is thus to evolve the terminology to include a more concrete and multidisciplinary
understanding of the concepts and allow for a more inclusive arena to combine the subjects of
problem-solving, organizational learning and advanced technology.

Conclusion

This paper shows that contemporary research on advanced technology implementations for
problem-solving purposes in manufacturing industry finds itself in a technologically
deterministic, solution-focused state. To further understand the relationship between
advanced technology, problem-solving and organizational learning in the manufacturing
industry, theories of contradicting learning logics were used to discuss the scoping review
findings. The discussion suggests that the current state of contemporary research could be
explained by contextual factors of manufacturing industry problem-solving culture, which
forces the field into Mode-1 problem-solving and learning conditions. To fully use advanced
technology’s potential and facilitate organizational learning surrounding the technology, it
is suggested that a Mode-2 problem-solving and learning approach could be adopted. To
further support this transition, a research agenda with six propositions based on the
analysis is presented, providing suggested guidance for further research in the field. The
mapping, analysis and discussion on the relationship between problem-solving, advanced
technology and organizational learning are considered the main theoretical contribution of
this paper, in addition to the research agenda. The paper is also considered to further
provide practical contribution in the form of insights related to ongoing challenges of
organizational learning in terms of implementing advanced technology for problem-solving
purposes in manufacturing industry.

Limitations

The chosen terminology for this paper and the keyword search in the scoping review are
considered highly influential on the findings, as the terms “problem” and “problem-solving”
are commonly conceptually connected to operational tasks in an industry context. It is thus
acknowledged that articles from the social sciences or those focusing on social issues could
have been a part of the findings if database searches also included additional terminology.
Some examples are “digitalization”, “digital transformation”, or “advanced technology
application”. In contrast, articles with similar focuses in educational science and health care
that were screened during the scoping review display more human involvement, pointing to
the notion that the technological deterministic approach and thus the challenge with using
the term “problem” could be a manufacturing industry contextual factor.
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