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INTERACTION BETWEEN AUTOMATION AND HUMANS IN
SUPPLY CHAIN PLANNING

Larysa Shchekhovska. «Interaction Between Automation and Humans in Supply Chain Planning».
Automation is transforming supply chain planning (SCP) processes, replacing human tasks with technological
solutions. While automation offers efficiency gains, the interaction between humans and automated systems
presents behavioral challenges. This study investigates how decision-makers in SCP processes learn to correct
errors when interacting with automated demand forecasting systems versus human planners.

Drawing from psychology and behavioral theories, we examine the effects of interaction type (automated
system vs. human) on learning, operationalized as performance improvement over time. Further, we analyze
whether this relationship is moderated by cognitive psychological traits (positive attitude towards technology,
technology anxiety/dependence) and socio-psychological traits (social influence based on subjective norms,
social influence based on image) of the human decision-maker.

Our article contributes to supply chain management research by introducing automation-human
interaction, providing a temporal learning perspective on performance, and integrating cognitive and socio-
psychological moderators. Insights are offered on how to facilitate effective human-automation collaboration
by managing socio-psychological influences. Limitations and future research opportunities, including cultural
contexts and artificial intelligence, are discussed.

Keywords: supply chain planning, automation, human-automation interaction, decision-making,
learning, behavioral operations, cognitive psychology, social psychology, technology acceptance, demand
forecasting

Jlapuca lljexoscbka. «Ocob6nusocmi 83aemodii nloOuUHU i aeémomamu3osaHux cucmem nio 4yac
N/IAHYB8AHHA JIGHYI02i8 NOCMAa4YaHHA». A8MmomMamusayia mpaHcghopmye npouecu NAAHy8AHHA JIAHY02i8
nocmayvanHa (SCP), 3amiHoiodu  mpaouuiliHe BUKOHAHHA MEXHO02iYHUMU  pilueHHAMU.  Xoua
asmomamusayis  3abe3neuye  nidBUWEHHA  eheKmuBHOCMI,  83AEMOOIS  MiX  silo0bMU  ma
asmomamu308aHUMU cuCMeMamu CM8eopIOe N0BeOdiHKO8I npobemu. Y yboMy 00C/iOXeHHi 00CIOXYeEMbCA,
AK 0cobu, Aki nputimaoms piweHHs 8 npoyecax SCP, suamecsa sunpasasmu NOMUSIKU nid 4ac 83deMo0ii 3
asmomMamu308aHUMU cCUCMeMamu NPo2HO3y8aHHA nonumy i I0OUHU.

Cnuparoduce Ha ncuxonoeito ma nogediHKkosi meopil, Mu O00C/iOXYeEMO 8ni1u8 muny B83demMOOil
(aemomamu3osaHa cucmema npomu JIOOUHU) HA HABYAHHA, peasni3o8aHuli AK NOKPAWEHHA
npooykmusHocmi 3 4acom. [Jani mu aHanizyemo, 4u MooepyemocAa el 38'A30K KO2HIMUBHUMU
NCUXO0/102iYHUMU pucamu (no3umusHe cmassieHHs 00 MexHOoJ102il, mpuso2ad/3anexHicme 8i0 mexHosoeill) i
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coyianbHO-NCUXo102iYHUMU pucamu (coyiansHul 8n1us, 3acHOBAHUU HA Cy6'€EKMUBHUX HOPMAX, coyianbHul
8NnJ1U8, 3aCHOBAHUU Ha iMidXi) 0cobu, AKa NpuliMae pitueHHs.

Us cmammsa cnpuae O0OCIiOXeHHIO YNpassiHHA JIGHY2aMU NOCMAYAHHA, 3anposaoxytoyuu
asmomamu308aHy 83aemodito 3 IIOOUHOI, HAOAKYU Yacosy nepcnekmusy Hag4aHHA NPooyKmusHocmi ma
iHmMezpyroyu KO2HIMUBHI ma couianbHO-ncuxosoiyHi Modepamopu. [IponoHyeEMbCA yasaeHHA npo me, AK
cnpusmu  epekmugHili  cnisnpayi 0OUHU mMA asmomamu3auii  WAAXoM ynpasniHHA coyiasibHo-
ncuxonozivHumu enaugamu. O62080ptoIOMbCA 0bMexeHHA ma MaubymHi O00C/TIOHUYbKI MOXIU80CMI,
30Kpemd, Ky/lbmypHi KOHmeKkcmu ma wmy4Hul iHmenekm.

Knioyoei cnoea: nnaHyBaHHA JaHUora MOCTayaHHA, aBTOMaTM3auid, B3aEMOAIA NIOAUHU Ta
aBTOMaTu3aLil, NPUAHATTA pilleHb, HABYAHHA, MOBEAIHKOBI onepaLii, KOrHITMBHA NMCUXONOTiA, colialibHa

NCUXonoris, npvu?mm‘rﬂ TEXHONOril, NPOrH03yBaHHA NoONnTy

Introduction. The ongoing digital
transformation  with  its  technological
advancements has an immense impact on
future supply chains. One element connected
to these technological advancements in SCM
is automation, the replacement of existing
resources, also regarding tasks performed by
humans, through technology, which s
expected to lead to considerable
performance improvements for supply chain
planning (SCP) processes.

Nevertheless, automation of processes
comes with behavioral challenges in the
interaction  between automation and
humans, especially because automation itself
is imperfect and not always reliable. Hence,
also innovative automation approaches in
SCP, such as automated demand forecasting
systems, are not free of editors, and have
inherent limitations, especially if not all
information is known a priori. In this context it
must be noted that SCP processes, which aim
at aligning the demand side with the
operations capacity, are decomposed and
carried out across different departments and
human decision-makers.

Therefore, despite all technological
advancements, human decision-makers will
not become less important as intuition, trust
and experience are expected to remain key
competences [5]. Yet, it remains unclear how
humans  correct automated demand
forecasts, and Fawcett and Waller ask whether
"managers have the emotional fortitude to
make and stick to decisions based on the

analytics - even if/when they do not fully
comprehend why"[7].

Analysis of recent researches and
publications. The interaction between
automation and humans in supply chain
planning has been a topic of significant
research and discussion in recent years. As
automation technologies continue to
advance, their integration into supply chain
processes has become increasingly prevalent.
However, finding the right balance between
automation and human involvement remains
a crucial challenge. These authors represent a
diverse range of perspectives and research
focuses within the broader topic of
automation-human interaction in supply
chain planning: N. Sanders, R. Basole, M.
Bourlakis, M. Gerschberger, Yi. Zhang, H. Lee.

The purpose and objectives of the
study. The study aims to provide insights into
how automation-human interaction in SCP
processes influences learning behavior, and
how various psychological factors related to
the human decision-maker affect this learning
process. The objective is to understand the
behavioral implications of introducing
automated demand forecasting systems in
supply chain planning from a cognitive and
socio-psychological perspective.

Basic material and results. The
literature does not offer a consensus on how
to study SCP process performance. While
some studies have focused on quantity-based
ordering patterns, or the squared difference
between actual and forecasted values, most
studies have focused on the financial impact
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in terms of profit and loss. The latter approach
is particularly managerial relevant and will
therefore also be wused in this study.
Additionally, we extend this approach by the
perspective of temporal development [4].

Quantifying the temporal development
of profit allows for analyzing whether the
decision maker improves in his decision-
making behavior while experiencing errors in
the automated demand forecasts. This
cognitive process can be coined as a form of
learning, as psychology defines learning as a
sustained change in behavior related to
experiences. Notably, the central element of
learning in this regard is not only the mere
change of behavior, but a change of cognitive
capacity, related to gaining new insights from
experience, which in this case would enable
to conduct improved forecast connections. In
the case of this study, the change in cognitive
capacity stems from double-loop learning, a
specific type of learning, that relies on
detecting errors and according correction.
Similarly, in the context of the automation
literature, learning is referred to as
integration, which is "a process that occurs as
a result of experiencing automation errors or
failures". Combining these views, we define
learning as the change of profit over time as a
result of error detection through the decision
maker, which in the context of our research is
the production planner.

Turning to the behavioral outcomes, we
introduce three different decision strategies
(Fig.1) in the context of the initial described
newsvendor setting within which the
production planner interacts with the
demand planner. All three strategies differ in
the expected SCP process performance, with
the third one being in the center of interest of
this study. Before learning occurs, the

35-42
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simplest decision strategy would be to decide
based (1) on the newsvendor properties while
neglecting any other information such as
demand history or supplied forecast.
Compared to this strategy, still in the absence
of learning, performance can be increased by
(2) a strategy that considers both the
newsvendor properties and the provided
demand forecast [6]. The provided forecast
entails both random error components and
systematic error components to simulate the
imperfect nature of automation. Therefore, an
even better solution could be reached by (3)
not only incorporating the demand forecast,
but critically reflecting the demand forecast
against the actually realized demand of the
past periods to identify and additionally
incorporate (part of) the systematic forecast
error in the decision about future production
quantities. Ultimately, this learning behavior
enables the production planner to adjust the
forecast in order to actively increase the SCP
process performance.

In a decision task related to production
quantities, as the one viewed in this study,
from a behavioral perspective, the
performance improvements induced through
forecast corrections of the production
planner depend on two mental processes.
First, on incorporating the information
provided by the demand planner to make
decisions, and second, on critically reflecting
the information in order to identify systematic
error patterns in the forecast in order to
improve decisions over time. As such, the
behavior in question in this study is linked to
two behavioral aspects: (1) incorporating the
demand forecast, and (2) critically reflecting
the demand forecast against the actual
demand in order to identify systematic
forecasting errors [1].
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Behavioral aspects of

FPerformance : e
X interest in this study
4
Area where
learning takes Critical
place reflection
Incorporation Incorporation
of forecast of forecast
Newsvendor Newsvendor Newsvendor
properties properties properties
Decision Decision Decision
strateqy 1 strategy 2 strateqgy 3

Figure 1 — Decision strategies and behavioral aspects
Source: developed by the authors

The main rationale behind this study is
the assumption that a production planner's
reaction to demand forecasts will differ
depending on whether the forecasts are
generated by a human or an automated
forecasting system. This effect is thought to
be moderated by psychological factors
related to the production planner. For
instance, an individual who feels pressured by
norms to increase usage of new technologies
may be less inclined to critically evaluate and
fully engage with the automated demand
forecasting system's projections.
Consequently, when receiving automated
demand forecasts, someone experiencing
strong social pressure to utilize the
automated system would exhibit smaller
performance-improving forecast adjustments
compared to someone facing little or no such
normative pressure. In essence, the perceived
source of the forecast (human vs. automated)
and the individual's psychological orientation
towards technology adoption norms are
hypothesized to interact and influence how

productively they incorporate the forecasts
into planning.

The behavior of the production planner
is, according to corresponding theories, the
result of different cognitive and socio-
psychological factors, where the former
relates to factors "within the mind" of the
decision-maker and the Ilatter to the
relationships of the person to other persons
or groups. Moreover, according to the theory
of planned behavior and the unified theory of
acceptance and use of technology (UTAUT),
behavior depends on the behavioral intention
to perform the behavior in question, which in
tum depends on various factors [2].

Our research will argue that the use and
critical reflection of demand forecasts that
stem from an automated demand forecasting
system, as compared to those stemming from
a human demand planner, will depend on
different factors related to the production
planner's relationship to technology. As such,
the concepts derived from the theory of
planned behavior and from UTAUT serve as
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moderators. The former theory, in
combination with the technology adoption
literature, emphasizes that the attitude
towards the behavior and the corresponding
personal beliefs are highly relevant within the
cognitive psychological domain. Here, Rosen
offers a set of comprehensive concepts that
reflect the attitude towards technology, of
which the two most central and relevant
concepts are positive attitude towards
technology (PATT) and technology anxiety /
dependence (TAD). PATT is defined as a
general positive opinion about technology,
including "the importance of keeping up with
technology trends, the assertion that with
technology anything is possible, getting more
accomplished with technology, and the belief
that technology will provide solutions to
many of our problems". PATT has been
extensively studied with regard to various
technologies from different areas. The area of
application of the concept of PATT ranges
from electronic communication channels via
nuclear power to heart transplants. In contrast
to PATT, TAD reflects situations where
persons feel dependent on technology so
that an anxiety arises of being without
technology, such as a smartphone or the
internet. In this regard, dependence on
technology means that the individual would
find it difficult to refrain from its usage [10].

Complementing these two cognitive
psychological factors, the second theory,
UTAUT, offers an extensive view on socio-
psychological factors that impact behavior.
From these, we draw on social influence
based on subjective norms (SISN) and on
social influence based on image (SII). SISN is
one of the most central and well-established
constructs regarding the use of technology
and was already proposed as part of the
theory of planned behavior, and has been
applied and refined extensively over time. It
puts normative expectations of other persons
in the focus and is defined as "the person's
perception  that most people who are
important to him think he should or should
not perform the behavior in question”.

35-42
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Sll, in contrast, puts the self-image into
the focus. This concept originally builds on
Moore and Benbasat who extended the view
on social influence by rooting the social
influence not in the norms and expectations
of others, but rather in the image that can be
built via usage of technology. Sll is defined as
"the degree to which use of an innovation is
perceived to enhance one's image or status in
one's social system" [8].

Given the wide range of potential
individual behaviors and preferences, it can
be concluded that for some production
planners, an automated demand forecasting
system may be preferable, while for others, a
human demand planner may be more
favorable. Therefore, we conclude that
neither setup is inherently better: The type of
interaction (automated demand forecasting
system versus human demand planner) does
not significantly impact learning outcomes.

In other words, there is no one-size-fits-all
solution that is universally superior. The
appropriateness of using an automated
system versus a human planner depends on
the specific behaviors and preferences of the
individual production planner. Ultimately, the
learning process is not significantly affected
by whether the demand forecast comes from
an automated system or a human expert.

Positive attitude towards technology is
an important driver of  successful
implementation of new technologies as
profound empirical evidence exists for the
Linkage  between  attitude  towards
technology, employee's intention to use new
technology, and eventually the actual usage
of these technologies. Additional evidence for
the link between behavioral intention and
actual behavior can also be found in the
theory of planned behavior. That means
strong PATT, with people exhibiting a
favorable attitude towards the technology in
question, leads to technology being used
more widely and effectively. Thus, stronger
PATT would also lead to a stronger
incorporation of the forecast into the
decision-making process of the production
planner. However, learning over time



The electronic scientifically and practical journal

“INTELLECTUALIZATION OF LOGISTICS AND SUPPLY CHAIN MANAGEMENT",

ISSN 2708-3195

additionally requires critical reflection of the
demand forecasts in order to allow the
decision-maker to identify systematic errors in
the forecast, regarding how much the
forecast deviates and in which direction the
forecast deviates. Here, the effect of PATT
requires a differentiated discussion. A non-
positive attitude may result in outright
rejection of the automated demand
forecasting system. Evidence for such an
effect can be found in previous studies that
have outlined the importance of strong PATT
for successful acceptance of technology and
consequently  engagement  with  the
technology. Therefore, with low PATT no
engagement with the system may occur, not
even a critical one [7].

On the contrary, decision-makers with an
absence of positive attitude might be more
critical towards the automated demand
forecasting system and may therefore also
spend more effort in identifying its potential
shortcomings.

Decision-makers that exhibit high TAD
feel dependent on technology, so that anxiety
arises towards being without technology,
and, per definition, find it difficult to refrain
from using available technology [3]. Here,
dependence implies that a decision-maker
will incorporate forecasts supplied by an
automated system into his decision-making.
However, in contrast to the above situation of
astrong PATT, high TAD makes persons overly
dependent on technology, to a degree where
the technology usage can have severe
negative implications [4]. The reason for this is
an increased level of techno stress in people
with high TAD. Techno stress is an established
theoretical concept, that has first been
introduced by Brod and was since then
steadily extended and refined. It comprises
"any negative impact on attitudes, thoughts,
behaviors, or body psychology caused
directly or indirectly by technology" [6].
Highly relevant to this study is the
observation by Wang who note that techno
stress in individuals, for example provoked
through technology dependence, may inhibit
further learning. With this concept in mind,
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we argue that high TAD and the resulting
techno stress are contrary to freedom of mind
and critical thinking, which is why the
production planner will follow the automated
demand forecast more closely, leading to a
stronger incorporation of the forecast into the
decision, with the final decision value of the
production planner being closer to the
suggested forecast as compared to people
with lower TAD. This also implies an under-
reliance on one's own capabilities and over-
reliance on technology, reducing the ability to
use one's own judgement required to identify
error patterns in the automated demand
forecasts. Following the above lines of
argumentation, decision-makers with high
TAD, because of their psychological
dependence, find it difficult to refrain from its
usage. They are characterized by a
compulsive use of technology that hampers
critical reflection of the automated demand
forecasting system and the forecasts it
supplies. Therefore, decision-makers faced
with an automated demand forecasting
system will learn the less, the stronger their
TAD is [5].

A decision-maker who experiences
strong social influence based on subjective
norms (SISN) to use new technology will,
according to UTAUT have a stronger intention
to actually use this technology. Venkatesh
argues that in a mandatory setting, where
only the new technology is available for use
and no other alternative, social influence as a
socionpsychological factor has a positive
effect on the decision-maker's intention to
use the technology. Therefore, high SISN
leads to a stronger incorporation of the
forecast into the decision-making process of
the production planner. The underlying
mechanism is a compliance effect, which is
particularly pronounced in the early phase of
technology usage before usage is habituated.
However, according to the theory of planned
behavior, norms can be understood as a
"social pressure to perform or not to perform"
a certain behavior. This is consistent with the
argumentation that SISN leads to compliance,
and complying is fundamentally different
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from the critical reflection necessary to
identify error patterns in the forecast. One
source provides substantial evidence by
arguing that people might deviate from
norms and act contradictory over time, which
aligns with a certain theory that states the
effect of "normative pressure will diminish as
time passes." Additionally, according to
another perspective, purely extrinsic stimuli
and motivation imposed through normative
expectations have a "negative effect on
complex, mentally-engaging tasks, such as
critical thinking”. Consequently, strong social-
institutional subject norms (SISN) hinder
critical reflection and learning when a
decision-maker is confronted with an
automated demand forecasting system. In
essence, the evidence suggests that over
time, people may break from normative
pressures. Moreover, externally imposed
norms can negatively impact complex
cognitive tasks like critical analysis. Therefore,
strong institutional norms demanding
technology usage can impair a decision-
maker's ability to critically evaluate and learn
from an automated forecasting system.

For SIl and its effect on the usage of
technology, we also draw on UTAUT but then
extend this view by further arguments
regarding its effect on learning. With regard
to learning, Sl differs from SISN as there is no
social pressure present that stems from
normative expectations. Instead, the social
influence in this case is due to the prospect of
improving one's own image when using new
technology. According to UTAUT, the effect of
Sll is analogues to SISN regarding the mere
usage of technology, but we argue that SlI
differs in its effect on the way technology is
actually used. The reason for this is the
absence of impeding factors hampering the
cognitive process of critical reflection, while
instead a more appealing motivation is
evoked through SlII. Seeing the prospect of
enhancing one's own image as a much more
positive stimulus with a desirable outcome
lets us argue that a decision-maker with
strong Sl is much more motivated
intrinsically. Here, Rogers states that "one
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motivation for many individuals to adopt an
innovation is the desire to gain social status"
[10]. Furthermore, recent research provides
evidence for reciprocal behavior driven by
positive feedback. Studies have shown that
positive recognition has a favorable impact
on people's willingness to put in effort, as well
as their attitudes. Therefore, it is argued that
the positive recognition effect likely acts as a
strong motivator not only to use a technology
but also to engage in related mentally-
challenging tasks. In this case, to critically
evaluate the system's forecast in order to
leverage opportunities for enhancing one's
image beyond merely using the technology,
through improved usage performance.
Consequently, individuals with a higher
degree of self-image motivation and a
resulting higher drive to engage in image-
building tasks are more likely to exhibit
learning behavior. In essence, positive
feedback and recognition can motivate
people to putin more cognitive effort, not just
use a technology superficially. The desire to
build a positive self-image acts as an incentive
to critically analyze automated forecasts and
learn how to utilize the technology more
effectively, not just passively use it. Those
highly motivated by self-image
considerations tend to demonstrate more
active learning behaviors.

Conclusions. As outlined, research on
automation-human interaction in SCM is
scarce, particularly from the behavioral
research perspective. This is remarkable as
automation and its interface with human
actors plays an important role in many other
areas of life such as "aircraft and air traffic
control, nuclear power, manufacturing plants,
military systems, homes, and hospitals" [1].
Given this importance, we argue that also
SCM needs to quickly catch up and advance in
the understanding of automation-human
interaction while integrating the behavioral
perspective. This is particularly relevant as it is
argued that human interaction will still be in
necessary in the future, even if we advance to
more sophisticated technologies such as
artificial intelligence applications. By studying
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the impact of automation-human interaction applying an experimental research design,
on learning in supply chain planning (SCP) this study contributes on both the theoretical
processes, and by discussing related and the managerial level.

theoretical concepts and developing and
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