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According to decision by the rector of University of Tam-
pere, a version of the paper was submitted and published
due to negligence. This is erratum is to correct the error and
to acknowledge the original work of authors of the studies
based on the data also utilized in this paper. This requires
changes in Sects. 3, 3.3, 4.3, and 6.

The following sections and paragraphs are changed or
replaced to make sure the sources of data are acknowledged
correctly. The analysis of one dataset is replaced and it also
affects conclusions. Changed or added text is in italics.
Deleted text is marked strikethrough in respective section.

Section 3: Datasets

References to studies that first utilized the data are added.
Minor changes are made in order to make the text more
comprehensible.

The data utilized in this paper was acquired in three dif-
ferent fieldwork settings. The first dataset is based on desk-
top tracking, subjective performance assessment and psycho-
physiological measurement during work days in a knowledge

The original article can be found online at https://doi.org/10.1007/
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work context (cf. Okkonen et al. 2017). The second dataset
is based on thematic interviews of individuals from different
professions conducting knowledge work.

(cf. Helander et al. 2016). The third dataset was gath-
ered in the form of individual interviews and focus group
interviews of knowledge workers in different organizations
between 2012 and 2016 (cf. Franssila et al. 2015; Bordi
et al. 2018). The datasets address the topic from differ-
ent perspectives and provide more holistic view when put
together. Moreover, use of different datasets executes data
triangulation as dataset 1 provides evidence on work flow
related productivity issues in knowledge work, data set 2
provides evidence on restraints and enablers in knowledge
work, and data set 3 provides evidence of tackling certain
work flow related shortcomings in knowledge work. Moreo-
ver, together the datasets address the digitalization in knowl-
edge work more thoroughly than single analysis would do.

Section 3.3: Dataset 3

This section is corrected as the distinction between two dif-
ferent empiric studies should be made. Minor changes are
made in order to make the text more comprehensible.

The third dataset is based on individual interviews and
several focus group interviews on work practices of knowl-
edge work. The data was gathered between June 2012 and
May 2016 as a part of rwo larger, mixed-method action
research projects focusing on the role of information ergo-
nomics on workplace wellbeing. Preliminary interviews
were conducted with 19 knowledge workers. The par-
ticipants discussed aspects of their work in the context of
the digital work environment and wellbeing at work and
reflected on how to reduce information load and promote
productivity in general. That data was applied to construct
a research setting for further in-depth analysis related to
information ergonomics in knowledge work. 35 employees
representing three organizations (i.e. an industrial enter-
prise, an insurance company, and a financial administration
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services company) participated in the focus groups, and
they are the same as in dataset 1. Data were gathered in
development meetings in the organizations, where each held
three workshops. The objective of the workshops was to
develop methods for enhancing information ergonomics, yet
the data acquired reveals a holistic view about the work in
context. The focus groups were and arranged as workshop
and the informants formed two or three smaller groups to
discuss certain fopics related to their work, such as work
setting, work habits, work conventions or performance. The
recordings of each group were transcribed for analysis. The
summarizing discussion after each group session were also
recorded.

Section 4.3: Dataset 3: Constant connectivity and com-
munication volume causes task fragmentation

This section is completely replaced.

One key topic related to productivity is how work and work
setting is adapted to individuals. In work science this often
refers to ergonomics, so in the context of knowledge work,
this is, logically, about information ergonomics (Franssila
et al. 2015). Based on interviews with 19 knowledge work-
ers, key items related to sufficient work execution, self-effi-
cacy, and efficiency, i.e. subjectively assessed productivity
and information ergonomics, were extracted. The informants
described their work and those factors affecting it. The find-
ings could be categorized according to performance issues
in relation to technology, infrastructure, social aspects, or
individual aspects that are subject to digital work environ-
ments. These components were brought about when inform-
ants discussed their digital work environments and socio-
technical work settings.

Technology, per se, was affecting human technology inter-
action or user experience. Many informants also recognized
their work habits having a strong relation to technology. In
terms of productivity, technology is connected to self-efficacy
since it deals with the ability to use and utilize technology.
On the other hand, non-functioning or ill-functioning tech-
nology has a great impact over the control process and pro-
ductivity. This is also connected to, in a sense, fragmenta-
tions since work does not have an even flow if technology has
usability or dependability issues.

Infrastructure is connected to technology and the planned
structure of an organization; it determines workflow by the
means of production. In the knowledge work context, this is
mostly about ICT and information infrastructure. Communi-
cation infrastructure is also important; it dictates the modes
of working and therefore has an impact on the sense of con-
trol and workflow. If technological issues and shortcomings
are reduced, infrastructure is about how the work setting in
organized, how information is stored and utilized, and how
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it manifests into the physical work setting. Infrastructure
promotes efficiency thorough well functioning practices by
providing sufficient tools for working. Infrastructure is also
related to self-efficacy since people have certain expecta-
tions of how it could, and will, support their performance
in relation to their peers and stakeholders.

According to the informants, the social component has
significance because of organizational factors such as work
convention. In almost all work settings, social or cooperative
factors define individual and organizational performance.
In digital or socio-technical work environments, this seems
to be one of the most misunderstood themes. Technological
determinism is often overruled by socially constructed con-
ventions, thus those affecting the processes have more signif-
icance. However, if sophisticated technology is implemented,
it is done so in vain if people are not motivated to adopt
the application, service, or process. Moreover, people tend
to have shared views on using technology, especially when
problems are solved by asking peers, rather than checking a
manual or tutorial. Socially constructed conventions have
direct effects on productivity. They also affect efficiency
through allocation of resources and, likewise, lead times.
Acknowledging conventions supports a sense of self-efficacy
and promotes a sense of control, thus reducing a negative
stress factor that people cannot affect.

Individuals have several roles and these vary when a
context or situations change. In digital work environments,
individual habits have an effect on efficiency and overall
performance. These habits are manifestations of conventions
and reflect an individual style of working. These habits are
often tacit, and in a sense people have only a vague idea of
how their behavior affects the others in the organization.
In digital work environments, many actions and processes
are conducted efficiently as technology supports knowledge
work, yet unexpected ways of using technology may have an
opposite effect. Individual tasks are performed easily, but
those requiring iteration or communication are often more
complex and some leverage is diluted by the vast use of ICT.

The second set of interviews and workshop discussions
were analyzed according to themes related to information
ergonomics and to findings previously presented by the
log data. The infrastructure and organization of the work
was based on different digital tools for data and informa-
tion management, and different synchronous and asynchro-
nous communication applications or channels. Information
related tasks and communication with peers or clientele
were the key tasks performed by the interviewed knowledge
workers. The array of different applications people use was
extensive. In addition to typical desktop applications, people
used special IT resources such as enterprise resource plan-
ning, customer databases, and service applications. They
also used communication channels such as email, instant
messaging, ticketing tools, conference calls, and telephone.
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Technology was adopted to well and found sufficient for the
intended use. In means of productivity, technology stream-
lined most processes, leveraged information related tasks,
and boosted productivity. The flip side of the transition to
digital work settings was a constant need for adapting to
new applications and services, non-functioning infrastruc-
ture, slow connections, lack of face-to-face time with people,
and excessive use of digital communication.

The most critical issues in this sense were learning new
technologies and insufficient knowledge of use. Informants
lacked time to introduce themselves to new technology vet,
on the other hand, they experienced an increasing technol-
ogy based workload. In many cases, the new implementa-
tions were introduced as performance enhancing, yet the
complexity in learning to use required extra time. In many
cases, people learned by trial and error, which leads to odd
habits and slower implementation. Also, the allocation of
time to learn to use new applications and services was too
small, almost even non-existent. As there was no time for an
introduction of how to use applications, learning was based
on the worker’s own willingness to learn the new technology.

Informants mentioned facing technical problems that
could cause work to stop due to non-functioning tools. Most
of the applications they used were web based and network
problems sometimes caused restricted access to resources,
information, or digital communication. Technical problems
also caused accumulation of work because internal and
external customers used several channels to be serviced.
To some extent, informants had poor user experiences on
certain applications and services, and often found that they
must work with insufficient tools.

Based on tracking and discussions, email was the main
channel of communication, and in most cases, the volume of
use was significant. The average time spent engaged in email
amounted to 7% of the workday. Taking the other communi-
cation channels into account, the percentage of digital com-
munication related activities increased to 18%. Most other
communication was through teleconferencing, instant mes-
saging, service platform, or ticketing tool. When all forms
of communication that are used during working hours were
included, 23% of work time was spent on communication-
related activities, such as emailing, messaging, discussing,
or engaging in meetings. The average interval that an email
inbox was opened was 15 min, yet taking all options into
account, participants engaged in communication-related
activities every 3 min, on average. In a sense, digital com-
munication had a negative effect on sense of control over
workload and self-efficacy.

The digitalization of knowledge work is pinned to the
theme of digital communication. The informants were mostly
satisfied with, or at least indifferent to, the technology and
infrastructure provided to them. People were satisfied with
the technical support they could get, and especially how the

work community had a key role in solving problems. What
they mostly missed was setting their own pace of work and
having enough time to perform such. Most of the inform-
ants found digital communication as the main cause of task
fragmentation and stated that the volume of communication
has a negative effect on workflow.

The effect of digital communication on workflow was
reduced to two issues: the high amount of messages and
time spent on communication. Also, the informants missed
explicit rules for communication, since the quality of com-
munication caused negative effects several times a day. Due
to the ease of sending an email or placing a service ticket,
people felt an excess load of use from peers and clientele.
In addition, communication triggered other activities that
requires effort and makes workflow uneven and fragmented.
A large volume of communication also affected a sense of
control and self-efficacy.

Informants also had issues with the diverse information
infrastructures within several channels, inboxes, or shared
tools. In particular, those working with customers felt pres-
sure to keep up to pace with all communication channels.
This also affected task performance since several possible
channels of negotiating, iterating, or communicating caused
lost messages and delays. Asynchronous communication
especially was considered problematic, since it could be
used for postponing, procrastination, or simply increasing
the amount of messages and thus the amount of work. This is
to some extent an issue of infrastructure, but mostly an issue
of a need for better instructions and explicit conventions.

Looking at the social component, information practices
and communication conventions play the most central role
regarding productivity in knowledge work. The informants
described interdependencies among their peers and clien-
tele. Such MO requires coordinative actions by communica-
tion, yet it has a drastic effect on the ergonomic stages of
the socio-technical system. Moreover, regarding individuals,
the most evident findings related to how people maintain a
balance between work and leisure during the day or week.

Individual working habits are derived from organiza-
tional virtues, i.e. people are socialized to act according
to certain ways and this is shared within an organization.
The extensive use of email was brought up in workshop dis-
cussions; it dictates the workflow. People use it to organize
their tasks, and it is also shared working platform. There are
certain explicit and implicit expectations of being available
through communications channels. This seems to cause the
overlapping use of email, instant messages, text messages,
and so on. Excess communication causes task fragmenta-
tion, a sense of lack of control, and lack of self-efficacy.
Moreover, people felt they were forced to response quickly to
messages and had to be reachable even outside the office and
office hours. This also led to an increasing amount of meta-
work, i.e. planning, scheduling, discussions on how to work.
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Even the informants felt pressure to be positive on how the
socio-technical work environment supports flexibility in their
life. A digital presence was sufficient, so they gained from
asynchronous communication and working on digital plat-
forms. People stated that knowledge work is better served
by sufficient tools, and better if each individual can set their
own pace and adapt to their work environment. Moreover,
the socio-technical work environment created an excess of  which-were-also-imtertwined—The-informantsnoted-that the
appreciation for freedom and flexibility; participants stated  inerease-tn-digita mmunieatt
that the digital work environment made remote work pos-
sible, as resources were available almost anywhere from
laptops or smartphones. The results from the log data indi-
cate a broad digital landscape with many communication
activities. A distinctive characteristic of the communication
landscape was that most activities occurred in digital form,
such as through email, IM, or via other digital means. The
findings resonate with previous studies that underline the
effect of increased communication, diversity of task affecting
the volume of communication, and how sociotechnical work
environments cause a need for constant connectivity (see,
e.g. Mark et al. 2014; Okkonen et al. 2017).
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Section 6: Conclusions
The paragraphs 4 and 5 are replaced.

As stated in the interviews knowledge workers are affected
by the expectations of constant connectivity (cf. Wajcman
and Rose 2011). As discussed in Bordi et al. (2018) com-
munication channels serve several purposes in work and
cannot be just neglected. As pointed out, people in different
professions face the same pressure of being available and
responding immediately. As the digital work environment
is based on implicit expectations of short lead times also in
communication activities, it causes a vicious circle of excess
communication and task fragmentation. Moreover, several
previous studies have discussed the issue from the perspec-
tive of how knowledge work is about digital communication
to significant extent. The peers have their expectations about
it, as well as the clientele and other stakeholders. Especially
email seem to cause redundant work and stress (e.g. Barber
and Santuzzi 2015; Bordi et al. 2018). Diverse communi-
cation landscape leverages the even flow, yet it can cause
constipation too if the time is spend with (somewhat trivial)
communication through digital channels.

Those people working with high interdependent setting
need explicit norms to build sustainable work habits. Sus-
tainability here refer at least to how people are affected
by interruptions, when they are addressed, how they are
expected to react, and how work is spilled to leisure (cf.
Mark et al. 2016). This is also issue of how individual habits
should resonate with organizational conventions. Intraor-
ganisational setting allows to set norms of productive work-
ing habits e.g. for communication behavior that people are
not expected to reply, or even check messages constantly.
The setting is very also different when taking into account
extended organization with large clientele. How they are
supposed to be served? Especially on professional set-
ting when service is attached to a person she or he is eas-
ily addressed and having pressure caused by digital work
environment.
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