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Abstract  We develop a novel understanding of value creation from the Internet of 
Things (IoT) in the heavy machinery industry. We analyze the operational middle 
management perspective on the current state of IoT implementation in four industry 
segments utilizing heavy machinery, including chemicals, electrical equipment, 
marine, and pulp and paper. We find four value drivers from IoT (product optimiza-
tion, maintenance and recovery optimization, energy efficiency, and safety improve-
ments) that pertain to the underlying joint value driver of predictability with 
operating heavy machinery. Furthermore, we outline current core issues and con-
straints in IoT data utilization and value realization in the heavy machinery industry. 
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implementation but indicate only gradual value capture if data gathering, knowl-
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�Introduction

The Internet of Things (IoT) is emerging as a novel source of value creation in 
heavy machinery. IoT technologies allow for the real-time connectivity and inter-
connection of devices in the cloud, which generates aggregated data from the appli-
cation and usage of the devices through sensors (e.g., Porter and Heppelmann 2014; 
Atzori et al. 2017). IoT technologies are placed in the machinery and production 
facilities. IoT holds the potential to change the underlying economics of processes 
and operations of those firms that utilize and deliver heavy machines, technologies, 
and services. The industry architecture is defined as the division of labor between 
firms in an industry encompassing the physical and technical architecture (Jacobides 
et  al. 2006). The architectures of these industries are currently in a state of flux 
where new business models, new types of relationships between firms, and novel 
entrant engagements are being explored. In recent years, the enabling technological 
conditions for IoTs (including sensors, communication, software, and data analyt-
ics) have become more favorable with decreasing costs and performance advance-
ments (Atzori et al. 2010, 2017; Evans and Annunziata 2012).

The IoT allows industrial firms to enhance their existing value creation through 
increased productivity. The IoT allows for the capturing of data from machines, 
aggregating information across networks and either taking immediate action based 
on the data or gradually learning more about the processes (Manyika et al. 2015). 
This allows firms to remotely control and monitor machines and factory operations, 
increase automatization, and optimize machine use, factory operations, inventory, 
and supply chain management. Novel, big datasets, real-time connectivity, data ana-
lytics, and processing algorithms have the potential to create intelligent production 
and machine systems. Machine monitoring, control, and optimization can become 
increasingly autonomous, where machines learn about their environment, self-
diagnose service needs, and adapt to a user’s preferences (Porter and Heppelmann 
2014). Overall, the efficiency gains through which the IoT can realize are increased 
production uptime, improved asset utilization, decreased energy consumption, bet-
ter operational safety, and transparent, coherent processes.

The IoT in heavy machinery applications changes existing B2B industrial cus-
tomer relationships from turn-key solution deliveries and after-sales service rela-
tionships toward an “online relationship.” The suppliers and customers are becoming 
more closely connected to each other through data and remote connections (Porter 
and Heppelmann 2014). In-depth knowledge of customer systems enables suppliers 
to service their customers in real time, offer additional products and services, and 
customize offerings. In addition, the closer supplier-customer relationship has the 
potential to increase cooperation in product development and create faster product 
development cycles. Understanding value creation processes from the customer 
point of view allows firms to generate greater levels of customer satisfaction, loy-
alty, and repurchase behavior and to create a lock-in to the supplier (Bradley et al. 
2013).
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Middle managers are defined as “any manager two levels below the CEO and one 
level above line workers and professionals” (Huy 2001: 73). They are critical in IoT 
adaptation and implementation. They have a strong understanding and knowledge 
of the firm operations, access to the top management, and unique positions to lever-
age informal networks of the firm (Huy 2001; Balogun 2003). Therefore, middle 
managers can bridge continuity and change (Huy 2001). In addition, they are central 
actors that interpret and sell change in the firm (Rouleau 2005). They are intermedi-
ates between disconnected actors, domains, levels, and units in the firm and act as 
mediators between firm strategy and day-to-day activities (Wooldridge et al. 2008). 
The intermediating role includes influencing outcomes and interpreting strategy 
both upward and downward in an organizational hierarchy, thus making middle 
managers important actors in both strategy formulation and implementation.

IoT solutions have not yet been widely adopted and capitalized upon (Accenture 
2015b), even though the substantial long-term benefits are acknowledged by top 
management (Koch et al. 2014; PwC 2015), and the enabling technological condi-
tions already exist (Atzori et al. 2017). Currently, only a fraction (approximately 
1%) of existing IoT data is utilized (Manyika et al. 2015). The early technological 
applications of the IoT have been put in place in many industries, and top manage-
ment vision is supporting further advancements. Further utilization of the potential 
of the IoT has more to do with operational and organizational practice transforma-
tion and strategy implementation than the technological conditions or generic stra-
tegic vision shared by top managers. As such, there is limited understanding on how 
the data gathered from the machinery could enhance value creation from the per-
spective of middle managers. Furthermore, there are inadequate foundations for 
implementing the IoT-related systems, practices, and services. Hence, in order to 
study IoT-based value creation in the heavy machinery industry, we assess the IoT-
related key value realization constraints and drivers from the perspective of middle 
managers. This allows us to both uncover the current middle management perspec-
tive of IoT and formulate managerial implications for future IoT strategies in the 
heavy machinery industry.

�Study, Data, and Methods

We study the middle management perspective on value creation from IoT in the 
context of four industry segments utilizing heavy machinery (chemicals, electrical 
equipment, marine, and pulp and paper). Our data sample includes one sample firm 
from each of the studied industry segments (in total four firms) in which heavy 
machinery is critical to value creation. The case firms were deliberately chosen 
because the firms had not implemented full-scale IoT solutions, but they had inter-
est in and plans for a wider implementation of and more investments in the IoT. Since 
there is a limited amount of research on IoT implementation and especially on the 
middle manager perspective on IoT value creation, we chose an inductive qualita-
tive study design aimed at building a new theoretical understanding rather than 
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testing or elaborating on constructs (Gioia et al. 2013). Our approach seeks to obtain 
a novel understanding of the IoT value drivers in heavy machinery by engaging with 
the organizational actors experiencing the phenomenon of interest. Using semi-
structured interviews, in 2016, we engaged with middle management (operations 
and product management) in each of the case firms. We conducted a total of 21 
interviews (for a list of interviewees, their positions, and the respective case firms’ 
industries, see Table 1).

The interviews were conducted in Finland, although the middle managers’ 
companies all operated in multiple countries. We complemented our interview data 
with observations by attending six IoT industry events during our data collection 
process, all during 2016.

We analyzed the data collected from the interviews with comprehensive qualita-
tive coding using Atlas.TI. In the analysis process, we used the interview data to 
form first-order concepts. After careful deliberation with the research team, we 
grouped these into second-order themes that highlighted key dimensions arising 
from the interview data (Gioia et al. 2013). To verify our findings and build manage-
rial implications, we continuously reanalyzed our results, the prior research, and the 
industry event observation data until additional rounds did not provide further 
insights. From this process, we were able to extract our main empirical findings in 
aggregated dimensions, including the present state of data use in value creation in 

Table 1  List of interviewees Industry Area of responsibility

Chemicals Maintenance manager
Electrical maintenance manager
IT manager
Electricity and automation engineer
Electricity work planner

Electrical equipment Unit manager, unit A
Unit manager, unit B
Plant manager, production manager
Operations manager
Quality manager

Marine Captain
Chief engineer
Operations manager
Electricity manager

Pulp and paper Plant manager
Production manager
Maintenance manager
IT manager, factory A
IT manager, factory B
Development manager
Planning manager

M. Sommarberg et al.
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Table 2  Present state of data use in heavy machinery

Second-order 
themes First-order concepts Exemplary quotes related to the theme

Data abundance High amount of data from 
automation

“We have basic measurements that we need in 
our automation system about flows, 
temperature, pressure, frequency and paper and 
board quality-related ones that tell, for 
example, square weights, humidity, calibers 
and fiber electrical attributes. We try to measure 
everything that is reasonably measurable.” – IT 
Manager, Factory A, Pulp and Paper

Too much information “We already have too much information from 
the automation system to our operational 
employees, but, on the other hand, this 
information could be used better when 
disturbances occur so that diagnostics would 
tell the employees what has happened.” – IT 
Manager, Chemicals

Existing data 
from machine 
operation 
underutilized

Current data could be used 
better in operating 
machines

“We know that we have a lot of data. We collect 
high amounts of data about the disturbances, 
about the reasons behind the disturbances. So, 
basically, we have all the data. However, when 
we have the database, how are we able to find 
something from there? The right things from 
the mass of data are the most important.” – 
Plant Manager, Pulp and Paper

Existing remote 
connections

“To some extent, we have remote connections 
in place. Sometimes, a supplier takes a remote 
connection, but it is not constant. If problems 
occur, we ask certain firms to take a look at 
them.” – Electricity and Automation Engineer, 
Chemicals

Data could be stored for a 
longer time for disturbance 
diagnostics
Lacking ways to 
intelligently explore data
Some applications of 
automated maintenance are 
available

Fragmented data 
collection 
practices

Manual data collection “Currently, data analysis is purely manual.” – 
Production Manager, Electrical Equipment

Employer data collection 
practices vary

“Our data analysis varies between employees 
and is done when a problem occurs, so it is not 
very comprehensive. It is more about finding 
the root causes of problems and maybe if we 
anticipate that problems might occur 
somewhere.” – Maintenance Manager, 
Chemicals

Data integration from 
sensors and machines 
lacking

(continued)
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heavy machinery (see Table 2), the value realization constraints in heavy machinery 
companies (see Table 3), and predictability as the key IoT value driver (see Table 4). 
We also stated some managerial implications for firms utilizing or planning to uti-
lize the IoT in heavy machineries.

�Findings

First, we present our findings regarding the current situation with regard to data use 
in firms using heavy machinery. The second part presents our findings regarding 
data and IoT value realization constraints in heavy machinery. The third and final 
part presents our findings of key IoT value drivers from the viewpoint of middle 
managers.

�Present State of Data Use in Value Creation in Heavy 
Machinery

Our study exposes four core issues regarding the state of data use in heavy machin-
ery: (1) data abundance, (2) existing data from machine operations underutilized, 
(3) fragmented data collection practices, and (4) reactive and preventive mainte-
nance. Our findings are summarized in Table 2.

The middle managers we interviewed throughout our study expressed that there 
is already an abundance of data existing at factories and units using heavy machin-
ery. All of the case firms we studied used automation systems in their production 
processes. The interviewees expressed that they measure almost everything from 
the process, including flows, temperatures, pressures, rotations, and vibrations. In 
contrast to the state-of-the-art automation systems, the case firms mostly manually 

Table 2  (continued)

Second-order 
themes First-order concepts Exemplary quotes related to the theme

Non-predictive 
maintenance

Time-based maintenance “If something has happened, like a machine has 
shut down, then we go through the automation 
system data to try to figure out what the 
problem is.” – Operations Manager, Marine

Data analyzed after 
something has occurred

“We use data very poorly. We have the 
weakness that data are only researched when a 
failure occurs. Only then do we research the 
causes but not beforehand. We should be doing 
this more, and we should have resources that 
somebody would research this more deeply.” – 
Electrical Maintenance Manager, Chemicals

Maintenance program 
poorly followed

M. Sommarberg et al.



213

Ta
bl

e 
3 

V
al

ue
 r

ea
liz

at
io

n 
co

ns
tr

ai
nt

s 
in

 h
ea

vy
 m

ac
hi

ne
ry

 c
om

pa
ni

es

Se
co

nd
-o

rd
er

 
th

em
es

Fi
rs

t-
or

de
r 

co
nc

ep
ts

E
xe

m
pl

ar
y 

qu
ot

es
 r

el
at

ed
 to

 th
e 

th
em

e

O
rg

an
iz

at
io

na
l 

co
ns

tr
ai

nt
s

O
rg

an
iz

at
io

na
l s

ilo
s 

in
 f

ac
to

ri
es

 a
nd

 u
ni

ts
“O

rg
an

iz
at

io
n 

si
lo

s 
ar

e 
on

e 
ob

st
ac

le
. W

e 
ha

ve
 q

ui
te

 li
m

ite
d 

ar
ea

s 
of

 r
es

po
ns

ib
ili

ty
, a

nd
 

w
e 

do
 n

ot
 lo

ok
 a

t t
he

 b
ig

 p
ic

tu
re

 m
uc

h.
 T

he
 I

oT
 a

nd
 lo

ok
in

g 
to

 th
e 

bi
g 

pi
ct

ur
e 

is
 a

 b
ig

 
ch

an
ge

 c
om

pa
re

d 
to

 c
ur

re
nt

 o
pe

ra
tio

ns
. P

eo
pl

e 
ha

ve
 b

ee
n 

lo
ok

in
g 

at
 o

nl
y 

th
ei

r 
pr

od
uc

tio
n 

lin
e 

an
d 

no
t n

ei
gh

bo
ri

ng
 li

ne
s.

” 
– 

Q
ua

li
ty

 M
an

ag
er

, E
le

ct
ri

ca
l E

qu
ip

m
en

t

C
os

ts
 a

nd
 p

ay
ba

ck
s 

fo
r 

in
ve

st
m

en
ts

 in
 th

e 
Io

T
 

ha
rd

 to
 e

st
im

at
e 

(r
at

io
na

le
 u

nc
le

ar
)

“W
e 

do
 n

ot
 h

av
e 

tim
e 

to
 d

o 
da

ta
 a

na
ly

si
s.

 I
t i

s 
en

gi
ne

er
s’

 w
or

k,
 a

nd
 I

 a
m

 a
sh

am
ed

 th
at

 
th

er
e 

is
 n

o 
re

gu
la

r 
se

ar
ch

 f
or

 v
ar

ia
nc

es
 to

 s
ee

 w
he

n 
th

in
gs

 a
re

 c
ha

ng
in

g 
in

 p
ro

du
ct

io
n.

 
It

 w
ou

ld
 n

ot
 b

e 
an

yt
hi

ng
 g

ro
un

db
re

ak
in

g,
 b

ut
 it

 is
 s

im
pl

y 
so

m
et

hi
ng

 th
at

 w
e 

w
ou

ld
 

ne
ed

 to
 d

o 
bu

t a
re

 s
til

l n
ot

 d
oi

ng
. I

t w
ou

ld
 b

e 
gr

ea
t i

f 
it 

w
er

e 
au

to
m

at
iz

ed
…

[a
ut

om
at

iz
ed

 d
at

a 
an

al
ys

is
] 

sh
ou

ld
 b

e 
in

 p
la

ce
 s

o 
th

at
 w

e 
w

ou
ld

 n
ot

 n
ee

d 
to

 g
o 

th
ro

ug
h 

tr
en

ds
 m

an
ua

lly
, a

nd
 I

 s
ee

 th
at

 th
is

 w
ou

ld
 y

ie
ld

 h
ig

h 
be

ne
fit

s 
if

 th
e 

an
al

ys
is

 w
as

 
au

to
m

at
iz

ed
.”

 –
 P

ro
du

ct
io

n 
M

an
ag

er
, P

ul
p 

an
d 

Pa
pe

r

D
if

fic
ul

t t
o 

fin
d 

tim
e 

be
tw

ee
n 

pr
od

uc
tio

n 
an

d 
m

ai
nt

en
an

ce
M

an
ag

er
s 

an
d 

w
or

ke
rs

 la
ck

 e
xc

ite
m

en
t a

bo
ut

 
de

ve
lo

pi
ng

 d
at

a 
ut

ili
za

tio
n 

an
d 

th
e 

Io
T

R
es

ou
rc

e 
an

d 
ca

pa
bi

lit
y 

co
ns

tr
ai

nt
s

In
cr

ea
se

d 
au

to
m

at
io

n 
an

d 
re

du
ct

io
n 

of
 h

ea
vy

 
m

ac
hi

ne
 w

or
ke

rs
“I

n 
tr

ou
bl

es
ho

ot
in

g,
 th

e 
m

or
e 

co
m

pl
ic

at
ed

 th
e 

sy
st

em
 is

, t
he

 m
or

e 
it 

br
in

gs
 v

al
ue

 to
 

ha
ve

 a
n 

ex
te

rn
al

 e
xp

er
t t

ha
t c

an
 c

on
ne

ct
 r

em
ot

el
y.

 I
n 

a 
se

ns
e,

 w
e 

ha
ve

 a
 li

m
ite

d 
ab

ili
ty

 
to

 h
an

dl
e 

m
or

e 
co

m
pl

ic
at

ed
 p

ro
bl

em
s 

co
m

pa
re

d 
to

 th
e 

pe
op

le
 w

ho
 w

or
k 

da
y-

to
-d

ay
 

w
ith

 s
im

ila
r 

m
at

te
rs

 a
nd

 c
an

 fi
x 

th
e 

pr
ob

le
m

 v
er

y 
qu

ic
kl

y 
as

 lo
ng

 a
s 

th
ey

 g
et

 th
e 

da
ta

. 
T

hi
s 

ha
s 

pr
ov

en
 to

 b
e 

va
lu

ab
le

.”
 –

 C
hi

ef
 E

ng
in

ee
r, 

M
ar

in
e

R
&

D
 a

nd
 I

T
 r

es
ou

rc
e 

co
ns

tr
ai

nt
s

“O
ur

 m
ai

nt
en

an
ce

 o
rg

an
iz

at
io

n 
is

 g
et

tin
g 

sl
im

m
er

 a
nd

 s
lim

m
er

 a
nd

 o
ur

 p
ro

du
ct

io
n 

or
ga

ni
za

tio
n 

ta
ke

s 
ca

re
 o

f 
pr

od
uc

tio
n 

m
or

e 
au

to
no

m
ou

sl
y,

 b
ut

 th
ey

 d
o 

no
t t

hi
nk

 th
at

 
m

uc
h 

ab
ou

t t
he

 e
qu

ip
m

en
t c

on
di

tio
n…

.T
he

 s
lim

m
er

 o
ur

 o
rg

an
iz

at
io

ns
 a

re
 g

et
tin

g,
 th

e 
m

or
e 

w
e 

ne
ed

 e
xt

er
na

l h
el

p.
” 

– 
E

le
ct

ri
ca

l M
ai

nt
en

an
ce

 M
an

ag
er

, C
he

m
ic

al
s

L
ac

ki
ng

 d
at

a 
an

al
ys

is
 c

ap
ab

ili
tie

s 
la

ck
in

g
“I

f 
w

e 
th

in
k 

ab
ou

t t
he

 w
ho

le
 I

T
 f

un
ct

io
n,

 a
ll 

th
e 

ex
pe

ri
m

en
ta

tio
ns

 h
av

e 
de

cr
ea

se
d,

 a
nd

 
so

 w
e 

do
 n

ot
 te

st
 n

ew
 id

ea
s 

as
 m

uc
h 

as
 b

ef
or

e…
O

ur
 e

qu
ip

m
en

t s
up

pl
ie

rs
 m

ig
ht

 d
o 

th
es

e 
ac

tiv
iti

es
 m

or
e 

of
te

n,
 b

ut
 in

 o
ur

 o
rg

an
iz

at
io

n,
 th

is
 is

 v
er

y 
lit

tle
…

 W
e 

ha
ve

 b
ee

n 
cu

tti
ng

 c
os

ts
 f

or
 m

an
y 

ye
ar

s 
ev

er
yw

he
re

, s
o 

w
e 

ca
nn

ot
 ta

ke
 r

is
ks

 a
nd

 in
ve

st
 in

 
so

m
et

hi
ng

 to
ta

lly
 n

ew
 to

 s
ee

 if
 it

 w
or

ks
. T

hi
s 

ha
s 

cl
ea

rl
y 

de
cr

ea
se

d.
” 

– 
IT

 M
an

ag
er

, 
Fa

ct
or

y 
B

, P
ul

p 
an

d 
Pa

pe
r

IT
 s

ec
ur

ity
 c

ha
lle

ng
es

“O
ur

 m
ai

n 
su

pp
lie

rs
 [

su
pp

lie
rs

 1
 a

nd
 2

] 
co

ul
d 

se
nd

 d
at

a 
pa

ck
ag

es
 to

 u
s 

ab
ou

t o
ur

 
eq

ui
pm

en
t c

on
di

tio
n,

 a
nd

 th
ey

 c
ou

ld
 d

o 
da

ta
 a

na
ly

si
s 

an
d 

se
nd

 s
ug

ge
st

io
ns

 b
as

ed
 o

n 
th

ei
r 

fin
di

ng
s.

” 
– 

C
ap

ta
in

, M
ar

in
e

C
on

st
ra

in
ts

 to
 e

ng
ag

e 
ex

te
rn

al
 e

xp
er

ts
 f

or
 

an
al

yz
in

g 
m

ac
hi

ne
s 

(i
.e

., 
tr

ou
bl

es
ho

ot
in

g)

(c
on

tin
ue

d)

Value Creation from the Internet of Things in Heavy Machinery: A Middle Manager…



214

Ta
bl

e 
3 

(c
on

tin
ue

d)

Se
co

nd
-o

rd
er

 
th

em
es

Fi
rs

t-
or

de
r 

co
nc

ep
ts

E
xe

m
pl

ar
y 

qu
ot

es
 r

el
at

ed
 to

 th
e 

th
em

e

Se
ns

em
ak

in
g 

co
ns

tr
ai

nt
s 

re
ga

rd
in

g 
da

ta
 u

se
 

an
d 

th
e 

Io
T

M
an

ag
er

s 
fe

el
 th

at
 m

or
e 

da
ta

 a
re

 n
ot

 n
ee

de
d

“C
ur

re
nt

 d
at

a 
co

ul
d 

be
 u

se
d 

m
or

e.
 I

t w
ou

ld
 b

e 
us

ef
ul

 th
at

 w
e 

w
ou

ld
 k

no
w

 h
ow

 to
 u

se
 it

 
be

tte
r. 

It
 is

 v
er

y 
cl

ea
r 

th
at

 it
 w

ou
ld

 h
el

p 
in

 d
ev

el
op

in
g 

di
ff

er
en

t p
ro

ce
ss

 s
ta

te
s,

 s
pe

ed
 

an
d 

qu
al

ity
 is

su
es

. U
su

al
ly

, t
he

 p
ro

bl
em

 is
 n

ot
 th

at
 w

e 
w

ou
ld

 n
ot

, h
av

e 
da

ta
 b

ut
 in

st
ea

d,
 

ho
w

 w
e 

co
ul

d 
us

e 
th

e 
cu

rr
en

t d
at

a 
sm

ar
te

r.”
 –

 U
ni

t M
an

ag
er

, U
ni

t A
, E

le
ct

ri
ca

l 
E

qu
ip

m
en

t

A
bs

tr
ac

t i
nv

es
tm

en
ts

 a
re

 d
if

fic
ul

t t
o 

pl
an

“I
t i

s 
qu

ite
 d

if
fic

ul
t t

o 
co

m
pa

re
 d

if
fe

re
nt

 f
ac

to
ri

es
 b

ec
au

se
 th

ey
 a

re
 q

ui
te

 d
if

fe
re

nt
. I

f 
th

e 
fa

ct
or

ie
s 

ha
d 

si
m

ila
r 

pr
od

uc
tio

n 
pr

oc
es

se
s 

an
d 

pr
od

uc
ts

, t
he

n 
th

er
e 

m
ig

ht
 b

e 
so

m
e 

be
ne

fit
s.

 H
ow

ev
er

, I
 s

ee
 m

or
e 

in
te

rn
al

 b
en

efi
ts

.”
 –

 P
ro

du
ct

io
n 

M
an

ag
er

, E
le

ct
ri

ca
l 

E
qu

ip
m

en
t

D
if

fic
ul

t t
o 

co
m

pa
re

 f
ac

to
ri

es
 S

af
et

y 
be

ne
fit

s 
fr

om
 th

e 
Io

T
 a

re
 u

nc
le

ar

M. Sommarberg et al.



215

Ta
bl

e 
4 

Pr
ed

ic
ta

bi
lit

y 
as

 th
e 

ke
y 

va
lu

e 
dr

iv
er

 f
ro

m
 th

e 
Io

T

Se
co

nd
-o

rd
er

 th
em

es
Fi

rs
t-

or
de

r 
co

nc
ep

ts
E

xe
m

pl
ar

y 
qu

ot
es

 r
el

at
ed

 to
 th

e 
th

em
e

Pr
od

uc
tio

n 
op

tim
iz

at
io

n
Pr

od
uc

tio
n 

qu
al

ity
 im

pr
ov

em
en

ts
“W

he
re

 w
e 

w
ou

ld
 h

av
e 

us
e 

of
 b

ig
 d

at
a 

an
d 

au
to

m
at

ic
 d

at
a 

co
lle

ct
io

n 
w

ou
ld

 b
e 

es
pe

ci
al

ly
 w

he
n 

w
e 

se
e 

th
at

 th
e 

pr
od

uc
tio

n 
lin

e 
is

 m
ak

in
g 

th
e 

be
st

 q
ua

lit
y 

en
d 

pr
od

uc
ts

, a
nd

 th
en

 w
e 

co
ul

d 
sa

ve
 th

os
e 

da
ta

 a
nd

 p
ar

am
et

er
s 

ea
si

ly
. T

he
 n

ex
t t

im
e 

in
 

pr
od

uc
tio

n,
 w

e 
co

ul
d 

co
nt

ro
l t

he
 p

ro
du

ct
io

n 
so

 th
at

 it
 w

ou
ld

 a
le

rt
 if

 o
pe

ra
to

rs
 

w
ou

ld
 tr

y 
to

 b
re

ak
 th

e 
op

tim
al

 q
ua

lit
y 

pa
ra

m
et

er
s.

 F
or

 th
is

 k
in

d 
of

 m
on

ito
ri

ng
 a

nd
 

co
nt

ro
l, 

w
e 

w
ou

ld
 p

ay
 a

ny
th

in
g.

” 
– 

P
ro

du
ct

io
n 

M
an

ag
er

, E
le

ct
ri

ca
l E

qu
ip

m
en

t

C
os

t-
ef

fic
ie

nc
y 

im
pr

ov
em

en
ts

“T
he

 f
ut

ur
e 

sh
ou

ld
 b

e 
in

 a
dv

an
ce

d 
pr

oc
es

s 
co

nt
ro

l w
he

re
 d

at
a 

ar
e 

an
al

yz
ed

, a
nd

 
op

tim
iz

at
io

n 
pr

og
ra

m
s 

ar
e 

de
ve

lo
pe

d 
ba

se
d 

on
 th

at
, s

o 
th

at
 a

ny
 p

ro
ce

ss
 c

an
 b

e 
co

nt
ro

lle
d.

” 
– 

M
ai

nt
en

an
ce

 M
an

ag
er

, C
he

m
ic

al
s

Pr
od

uc
tio

n 
re

lia
bi

lit
y 

im
pr

ov
em

en
ts

A
va

ila
bl

e 
pr

od
uc

tio
n 

im
pr

ov
em

en
ts

M
ai

nt
en

an
ce

 a
nd

 
re

co
ve

ry
 o

pt
im

iz
at

io
n

C
ap

ab
ili

tie
s 

fo
r 

pr
ed

ic
tiv

e 
m

ai
nt

en
an

ce
“W

e 
sh

ou
ld

 d
ev

el
op

 p
re

di
ct

ab
ili

ty
 a

bo
ut

 w
he

n 
ou

r 
pr

od
uc

tio
n 

eq
ui

pm
en

t i
s 

ab
ou

t t
o 

br
ea

k 
do

w
n.

 I
t w

ou
ld

 b
e 

in
te

re
st

in
g 

to
 k

no
w

 b
ef

or
eh

an
d…

If
 w

e 
co

ul
d 

pr
ol

on
g 

al
l 

eq
ui

pm
en

t m
ai

nt
en

an
ce

 to
 s

to
pp

ag
es

 w
ith

ou
t s

ur
pr

is
es

 it
 c

ou
ld

 b
e 

ve
ry

 v
al

ua
bl

e…
.

Pr
ed

ic
tin

g 
th

at
 e

qu
ip

m
en

t l
as

ts
 u

nt
il 

th
e 

ne
xt

 s
to

pp
ag

e 
w

ou
ld

 b
e 

us
ef

ul
 s

o 
th

at
 w

e 
w

ou
ld

 n
ot

 n
ee

d 
to

 fi
x 

it 
to

o 
ea

rl
y.

 I
f 

th
at

 in
fo

rm
at

io
n 

w
ou

ld
 b

e 
av

ai
la

bl
e 

tw
o 

to
 

th
re

e 
w

ee
ks

 b
ef

or
eh

an
d,

 it
 w

ou
ld

 b
e 

go
od

, a
s 

th
en

 w
e 

w
ou

ld
 n

ot
 n

ee
d 

to
 s

hu
t d

ow
n 

pr
od

uc
tio

n 
fo

r 
se

pa
ra

te
 s

to
pp

ag
es

.”
 –

 M
ai

nt
en

an
ce

 M
an

ag
er

, P
ul

p 
an

d 
Pa

pe
r

Sp
ee

di
ng

 u
p 

pr
od

uc
tio

n 
re

co
ve

ry
“M

ac
hi

ne
s 

ca
n 

be
 s

om
et

im
es

 e
xt

re
m

el
y 

di
ffi

cu
lt 

to
 fi

x 
an

d 
if

 s
om

et
hi

ng
 c

om
es

 u
p 

qu
ic

kl
y.

 I
t i

s 
ve

ry
 b

en
efi

ci
al

 to
 k

no
w

 th
e 

m
ac

hi
ne

 a
nd

 th
e 

sy
m

pt
om

s 
be

fo
re

ha
nd

. 
W

ith
 th

is
 k

in
d 

of
 p

re
di

ct
ab

ili
ty

, i
t i

s 
po

ss
ib

le
 to

 g
et

 a
cq

ua
in

te
d 

w
ith

 th
e 

m
ac

hi
ne

’s
 

hi
st

or
y,

 r
ep

ai
r 

hi
st

or
y 

an
d 

kn
ow

 h
ow

 it
 h

as
 b

ee
n 

fu
nc

tio
ni

ng
, w

ha
t i

t i
nc

lu
de

s 
an

d 
be

 a
bl

e 
to

 p
ro

cu
re

 n
ee

de
d 

sp
ar

e 
pa

rt
s 

be
fo

re
ha

nd
.”

 –
 I

T
 M

an
ag

er
, F

ac
to

ry
 A

, P
ul

p 
an

d 
Pa

pe
r

M
ac

hi
ne

 li
fe

 c
yc

le
 m

an
ag

em
en

t

E
ne

rg
y 

ef
fic

ie
nc

y
E

ne
rg

y 
ef

fic
ie

nc
y 

ga
in

s 
ar

e 
hi

gh
 w

ith
in

 a
nd

 
ac

ro
ss

 f
ac

to
ri

es
 a

nd
 u

ni
ts

 (
es

pe
ci

al
ly

 in
 

en
er

gy
-i

nt
en

si
ve

 s
ec

to
rs

)

“T
he

re
 is

 a
 lo

t o
f 

po
te

nt
ia

l i
n 

en
er

gy
 e

ffi
ci

en
cy

. I
n 

th
at

 a
re

a,
 w

e 
ca

n 
be

ne
fit

 a
 lo

t 
fr

om
 I

oT
 s

ys
te

m
s,

 a
nd

 th
en

 w
e 

co
ul

d 
co

nn
ec

t t
o 

di
ff

er
en

t f
ac

to
ri

es
. T

hi
s 

w
or

ks
 

de
fin

ite
ly

.”
 –

 P
la

nt
 M

an
ag

er
, P

ul
p 

an
d 

Pa
pe

r

E
ne

rg
y 

us
ag

e 
op

tim
iz

at
io

n
“W

e 
m

ea
su

re
 e

ne
rg

y 
in

 m
an

y 
pl

ac
es

 a
lr

ea
dy

, b
ut

 w
e 

do
 n

ot
 u

se
 th

at
 in

fo
rm

at
io

n 
to

 
co

nt
ro

l o
ur

 p
ro

du
ct

io
n.

 I
 th

in
k 

it 
sh

ou
ld

 c
on

tr
ol

 p
ro

du
ct

io
n 

an
d 

te
ll 

ho
w

 m
uc

h 
w

as
 

co
ns

um
ed

, m
ak

in
g 

ce
rt

ai
n 

va
ri

et
y 

or
 c

om
pa

ri
ng

 e
ne

rg
y 

us
ag

e 
be

tw
ee

n 
sh

if
ts

. T
he

re
 

w
ou

ld
 b

e 
po

te
nt

ia
l.”

 –
 E

le
ct

ri
ca

l M
ai

nt
en

an
ce

 M
an

ag
er

, C
he

m
ic

al
s

(c
on

tin
ue

d)

Value Creation from the Internet of Things in Heavy Machinery: A Middle Manager…



216

Ta
bl

e 
4 

(c
on

tin
ue

d)

Se
co

nd
-o

rd
er

 th
em

es
Fi

rs
t-

or
de

r 
co

nc
ep

ts
E

xe
m

pl
ar

y 
qu

ot
es

 r
el

at
ed

 to
 th

e 
th

em
e

Sa
fe

ty
 im

pr
ov

em
en

ts
Fa

ct
or

y 
sa

fe
ty

 im
pr

ov
em

en
ts

“I
n 

m
an

y 
ca

se
s,

 a
 r

el
ia

bl
e 

fa
ct

or
y 

is
 a

ls
o 

sa
fe

 a
nd

 c
os

t-
ef

fic
ie

nt
 w

he
n 

th
er

e 
is

 n
o 

co
ns

ta
nt

 n
ee

d 
fo

r 
re

pa
ir

s.
 A

ls
o,

 a
bn

or
m

al
 s

itu
at

io
ns

 a
re

 th
e 

le
as

t s
af

e 
fo

r 
m

ai
nt

en
an

ce
. I

n 
th

at
 s

en
se

, p
re

di
ct

ab
ili

ty
 a

nd
 k

no
w

in
g 

eq
ui

pm
en

t f
ai

lu
re

s 
be

fo
re

ha
nd

 r
es

ul
t i

n 
sm

al
le

r 
di

st
ur

ba
nc

es
 a

nd
 r

ep
ai

rs
 in

 m
ai

nt
en

an
ce

.”
 –

 
M

ai
nt

en
an

ce
 M

an
ag

er
, C

he
m

ic
al

s

Pr
ed

ic
ta

bi
lit

y 
im

pr
ov

es
 s

af
et

y
“I

t c
ou

ld
 b

e 
su

m
m

ar
iz

ed
 th

at
 f

ew
er

 u
ne

xp
ec

te
d 

pr
ob

le
m

s 
th

at
 n

ee
d 

un
ce

rt
ai

n 
an

d 
qu

ic
k 

fix
es

 r
es

ul
t i

n 
m

or
e 

pr
ed

ic
ta

bi
lit

y,
 s

o 
th

at
 th

e 
pr

ob
le

m
s 

ca
n 

be
 fi

xe
d 

in
 g

re
at

er
 

co
nt

ro
l, 

an
d 

th
is

 a
ll 

le
ad

s 
to

 h
ig

he
r 

sa
fe

ty
.”

 –
 P

ro
du

ct
io

n 
M

an
ag

er
, E

le
ct

ri
ca

l 
E

qu
ip

m
en

t

A
dv

an
ci

ng
 p

ub
lic

 im
ag

e 
(s

af
et

y 
an

d 
th

e 
Io

T
)

M. Sommarberg et al.



217

conduct their data analyses. Therefore, the factories, units, and firms using heavy 
machinery have an abundance of data, but they are neither analyzed nor extensively 
used. As one production manager explained:

Currently, data analysis is purely manual. – Production Manager, Electrical Equipment

Despite the abundance of data, the factories, units, and the corporation are not 
able to use those data in the ways that they would like. Existing data from machine 
operations are clearly underutilized. The corporations lack ways to intelligently 
explore the data. As one plant manager explained to us:

We know that we have a lot of data. We collect high amounts of data about the disturbances 
and about the reasons behind the disturbances. So basically, we have all the data. However, 
when we have the database, how are we able to find something from there? The right things 
from the mass of data are the most important. – Plant Manager, Pulp and Paper

One reason for this is that data analysis is mainly decentralized to single factory 
lines and single heavy machines and dependent on employees’ own motivations to 
perform the analyses.

Two of the case firms have established remote connections to the factories and 
units that allow centralized machine data analyses by their research units located at 
another location. For example, the product research unit of the pulp and paper com-
pany is able to remotely help the factories, even though the experts are scattered 
around Europe. This allows the company to pool together the data scattered around 
different factories and deploy centralized support to any site. In addition to intrafirm 
remote connections, interfirm remote connections are also possible to some extent. 
Both the chemical and pulp and paper companies we studied allow remote access by 
some machine suppliers to their production sites to provide technical support.

To some extent, we have remote connections in place. Sometimes, a supplier takes a remote 
connection, but it is not constant. If problems occur, we ask certain firms to take a look at 
them. – Electricity and Automation Engineer, Chemicals

While there are already some remote connections, service and maintenance are 
very much grounded in reactive and time-based practices. While companies collect 
and send process data to databases for storage and later analysis, the data are seldom 
used. Proactive maintenance is currently limited to regular maintenance schedules 
based on time intervals instead of predictive maintenance and machinery conditions 
being continuously monitored and evaluated. The case firms are not using the avail-
able data to develop the service and maintenance process. Even though the inter-
viewees identify the possibility to use the available data to recognize early symptoms 
of technical failures, the usage of the existing data is mainly triggered by an inci-
dent. As an operations manager in the marine company explained:

If something has happened, like a machine has shut down, then we go through the automa-
tion system data to try to figure out what the problem is. – Operations Manager, Marine

To summarize, although many technical aspects of IoT (such as sensors, data-
bases, and remote connections) have been implemented, most of the opportunities 
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with the gathered data have yet to be fulfilled. More systematic and full-scale data 
integration from sensors and machines is lacking.

�Value Realization Constraints in Heavy Machinery Companies

Next, we focus on the value realization constraints by companies using heavy 
machinery. We found three firm-level data-related value realization constraints: (1) 
organizational value realization constraints, (2) resources and capability value real-
ization constraints, and (3) sensemaking value realization constraints. Our findings 
are summarized in Table 3.

Although the case firms have invested in the hardware to collect and store data, 
they have not changed the organization in a way that supports the analysis and use 
of these data. First, data gathering and analysis are organized within the production 
lines of factories and with single or few heavy machinery units rather than being 
collected and analyzed across many production lines and heavy machinery units. 
The collection and analysis of data are done in silos, and there is no single place to 
find the data nor ways to explore the data more collectively and systematically. As a 
quality manager explained to us:

Organization silos are one obstacle. We have quite limited areas of responsibility, and we do 
not look at big picture much. The IoT and looking at the big picture are big changes com-
pared to current operations. People have been looking only at their production line and not 
at neighboring lines. – Quality Manager, Electrical Equipment

Another organizational data and IoT value realization constraint that we found 
was that managers and workers lacked excitement about developing data utilization 
and the IoT. In part, it was explained to us that this is since the costs and paybacks 
of investments in the IoT are hard to estimate. Furthermore, there is simply a lack of 
time between production and maintenance to analyze or develop organizational 
practices within the single factories or units of heavy machinery.

Therefore, there is clearly a lack of both resources and capabilities to use the data 
and explore the value in the data. The managers explained that the current work-
forces at the case firms’ production facilities are not equipped with the skills 
required to utilize the existing data. Furthermore, they are also not incentivized to 
acquire the needed skills. Finally, managers and workers are not provided with data 
analysis tools and software to make sense of the data. As an electric maintenance 
manager explained:

We use data very poorly. We have the weakness that data are only researched when a failure 
occurs. Only then do we research the causes but not beforehand. We should be doing this 
more, and we should have resources so that somebody would research this more deeply. – 
Electrical Maintenance Manager, Chemicals

As such, adding more data may not be a solution before the case firms develop 
capabilities to apply the existing data and before new tools are in place to utilize 
new data.
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We already have too much information from the automation system to our operational 
employees. However, on the other hand, this information could be used better when distur-
bances occur so that the diagnostics would tell the employees what has happened.  – IT 
Manager, Chemicals

Furthermore, the middle managers we interviewed revealed that the focus of top 
managers has been more on cutting costs than generating new growth avenues. This 
resulted in both physically limited resources and atmospheres that do not encourage 
experimentation. Data analysis is considered an additional task on top of daily rou-
tines. With limited resources for data analysis within the companies, factories, and 
units operating heavy machinery, the development of solutions to the current data 
and IoT implementation challenges have been increasingly moved toward external 
partners. As one manager we interviewed explained:

Our maintenance organization is getting slimmer and slimmer, and production organization 
takes care of production more autonomously, but they do not think that much about the 
equipment condition […] The slimmer our organizations are getting, the more we need 
external help. – Electrical Maintenance Manager, Chemicals

Finally, our study also points out one central value realization constraint from the 
data and IoT for middle managers’ constrained sensemaking of technological solu-
tions and its value. The interviewed middle managers found it difficult to under-
stand the IoT and digitalization. They were not aware of how they could improve the 
use of existing data, especially with the current resources. For example, a middle 
manager we interviewed had a hard time seeing the substantial benefits of knowl-
edge sharing between factories.

Maybe some special cases that do not occur often would be beneficial to know how they are 
handled in different factories or about how different processes are carried out in different 
factories. – Maintenance Manager, Pulp and Paper

To conclude, as of now, only a small proportion of the data is used in decision-
making in operations and maintenance in firms using heavy machines. This finding 
is congruent with earlier studies about low data usage (Accenture 2015a; Manyika 
et al. 2015).

�Predictability as the Key IoT Value Driver

Next, we move to our findings regarding how middle managers perceived the poten-
tial of the IoT to advance the development of value from heavy machinery data. Our 
study suggests four key value drivers from IoT in heavy machinery operation: (1) 
product optimization, (2) maintenance and recovery optimization, (3) energy effi-
ciency, and (4) safety improvements. The four value drivers are all founded on 
advances that can be made with IoT with respect to predictability. Our findings on 
the key value drivers are summarized in Table 4.

We find that middle managers perceived the potential to increase the predict-
ability of production machinery and processes as the key underlying value driver of 
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the IoT.  Predictability encompasses improved information on machine failure 
symptoms, relationships between the physical conditions and production, and pro-
duction process lead times. The middle managers observed that increased predict-
ability could create value in multiple ways, such as decreased down times through 
predictive maintenance, the further optimization of production processes through 
decreased wait times between production processes, increased energy efficiency, 
and improved safety.

We should develop predictability about when our production equipment is about to break 
down. It would be interesting to know beforehand […] If we could prolong all equipment 
maintenance to stoppages without surprises, it could be very valuable […] Predicting that 
equipment lasts until the next stoppage would be useful so that we would not need to fix 
them too early. If that information would be available two to three weeks beforehand, it 
would be good, since then we would not need to shut down production for separate stop-
pages. – Maintenance Manager, Pulp and Paper

Predictive maintenance would decrease the number of disturbances and increase 
equipment reliability, factory availability, and output. The interviewees focused 
more on the potential to increase revenues rather than on cost savings. According to 
the middle managers, predictability could also enable further production optimiza-
tion. The case firms have thousands of machines and components in their produc-
tion facilities, and there is room to improve the understanding of their 
interrelationships. This would require both a better understanding of their equip-
ment as a system and focused monitoring on the most important machines for the 
continuation of operations. Furthermore, a more systemic understanding of the pro-
duction processes and the underlying environmental factors would then help to 
improve factory equipment life cycle management and would result in cost savings 
in investments.

In addition to single components, it is important to understand machine systems and espe-
cially critical ones to be able to recover faster from disturbances. All the bottlenecks and all 
common systems are probably the places where this kind of monitoring comes most. – 
Development Manager, Pulp and Paper

Additionally, all of the focal firms acknowledged the importance of energy effi-
ciency. There is significant potential for improvement. For example, production is 
currently not yet controlled using energy prices. However, the IoT was not unani-
mously seen as an answer to improved energy efficiency, even though many of the 
interviewees believed in this.

There is a lot of potential in energy efficiency. In that area, we can benefit a lot from IoT 
systems, and then we could connect different factories. This works definitely. – Plant 
Manager, Pulp and Paper

The middle managers also observed potential to improve safety with better pre-
dictability. The interviewees stated that a reliable and predictable factory is also a 
safe factory. Maintenance work is not carried out in a rush, and operational employ-
ees face fewer surprises. Employees can be better prepared for their work in produc-
tion and maintenance when they know the changes in environmental and machine 
conditions, which then affect their choice of tools and mind-set. Unprepared and ad 
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hoc activities would then be reduced, which would also decrease the number of 
safety hazards. A decreased number of accidents would also result in an improved 
work environment, in fewer sick days, and finally in improved employee 
efficiency.

It could be summarized that fewer unexpected problems that need uncertain and quick fixes 
result in more predictability, so that the problems can be fixed with greater control, and this 
all leads to higher safety. – Production Manager, Electrical Equipment

To conclude, collecting a vast amount of data is not enough to reap the IoT ben-
efits described above. Knowledge sharing within and across production units and 
across organizational boundaries is needed. Systems for integrating and analyzing 
data must be in place.

�Discussion

Our findings on the present state, constraints, and key value drivers of the IoT from 
the middle management perspective provide an “organizationally grounded” view 
of the IoT. While there has been much recent interest in the IoT, our case compa-
nies’ middle managers possess a more conservative view on the IoT than those 
previously presented, coined an evolutionary view on the IoT. Our findings expose 
how middle management views IoT implementation as a gradual improvement to 
current operations rather than a revolution. As such, smart manufacturing, Industrie 
4.0, and the IoT as revolutionary, disruptive, and a generator of novel business mod-
els is not how middle managers describe and perceive the IoT. Rather, our study 
points to predictability as being the most central value driver from the viewpoint of 
middle managers.

�Managerial Implications

Our findings suggest that predictability as an underlying key value driver of IoT 
could be a better conceptualization for joining middle managers, top managers, out-
side experts, and firms in developing data and IoT systems in heavy machinery. 
Thus, in order to further implement IoT, top management should utilize the organi-
zationally grounded view of middle managers. This organizationally grounded 
approach for IoT implementation would allow firms to harness the broader existing 
expertise from the factory and engage this expertise with the business unit, corpo-
rate level, and wider heavy machine IoT ecosystem strategy.

A second managerial implication derived from our findings is that organizations 
are in need of what we term connected expertise. With connected expertise, we 
mean a pooled group of experts that engage in real-time analysis work and decision-
making with continuous information flows from multiple heavy machinery units. 
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Our results show that current knowledge and data are siloed within factories and 
units, far from the envisioned connected expertise. This present state should be the 
starting point for any IoT project. The distributed and disconnected knowledge and 
data need to be integrated to establish connections between data and experts. Such 
knowledge and data can be pooled in data and analysis hubs (also termed control or 
expert centers). Hubs must be able to be easily connected with suppliers. This will 
require the transformation of organizational practices and the disentanglement and 
removal of existing barriers between silos. Connected expertise could then gradu-
ally arise in hubs, where the best experts from various parts of the organization 
explore a pool of data in real time as a consorted effort. The role and skill set of the 
middle manager will need to be accordingly updated with data analytics under-
standing and adoption of exploratory skills in the same way as air traffic 
controllers.

The third managerial implication is that use of data and the IoT should be seen 
as a longer-term adaptation and organizational transformation project. Rather than 
portraying IoT strategies as system-level rapid implementation projects, the trans-
formation of resources, capabilities, and sensemaking should be seen as program-
matic long-term adaptation efforts. A digital modular “architectural view” on the 
transformation of the organization is needed to allow for the connecting of data 
from machines, sensors, devices, and humans. The longer-term adaptation program 
has another systemic-level implication. There are value drivers from the IoT that are 
clearly more easily implemented and have a high value. However, there are IoT 
value drivers that are much less clear with respect to payback time and overall value 
generation potential and are challenging to implement. Thus, systemic elements 
should also be carefully considered from the start, such as interfaces and platform 
governance structures, when planning data utilization and IoT project road maps. 
There is much required groundwork at factories and units using heavy machinery to 
have them engaged, committed, and informed in this endeavor. The chief digital 
officers (CDO), nominated recently in many firms, will play a central role in these 
adaptation and transformation programs as part of wider digital transformation 
efforts by the company top management teams to “encourage risk taking, foster 
innovation and develop collaborative work environments” (Kane et al. 2015: 9).

�Research Implications

Our findings provide several avenues for future research on value drivers of IoT in 
the heavy machinery industry. As suppliers and customers become more closely 
connected through the development of the IoT (Burmeister et al. 2015), there is an 
increasing need to engage middle managers in developing connected expertise. 
How to advance such connected expertise, where middle managers’ current exper-
tise in heavy machinery is deployed, while their expertise in digital technologies 
and IoT is not yet at an advanced level, is still an open question. We see many oppor-
tunities for future research to study these questions. Based on our findings, we see 
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that researchers could study how companies can refrain from too much top manage-
ment leading data and IoT development projects and, instead, facilitate the active 
engagement of middle managers. For example, how could the IoT and data projects 
be organized, led, and scoped to incorporate the gap between expertise in the IoT 
and digital technologies and middle managers’ expertise? Another question that 
would be important to study is how to incentivize middle managers to develop value 
from data and initiate innovation in IoT value creation. For instance, what roles and 
responsibilities could middle managers be given, and how could their expertise be 
actively updated and incorporated?

We also see much need for studies on how machinery firms across the value 
chain are exploring novel innovations and co-creation structures (Gronroos and 
Voima 2013) in IoT development and implementation with middle managers’ active 
engagement. Insights from successes and failures in novel innovation and co-
creation structures with active middle managers are important. This will allow us to 
take further stock of the opportunities from the IoT that otherwise are constrained 
by existing siloed organizational and technological structures that do not accom-
modate data access across machines, functions, and organizations.

Finally, as the IoT integrates supply chain networks where the information flows 
are easily transferred in networks (Burmeister et  al. 2015; Koch et  al. 2014), it 
requires new forms of interfaces and governance structures. While software devel-
opers have been critical in much of platform business development, the platforms in 
heavy machinery rely on the expertise in machines and their operation and manage-
ment practices in which middle managers have played a critical role. An important 
question that requires further exploration relates to the novel governance structures 
and interfaces and how they can bridge the gap between middle managers and soft-
ware experts.
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