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Personalization, aiming at supporting users individually, according to their individual

needs and prerequisites, has been discussed in a number of domains including

learning, search, or information retrieval. In the field of human–computer interaction,

personalization also bears high potential as users might exhibit varying and strongly

individual preferences and abilities related to interaction. For instance, there is a good

amount of work on personalized or adaptive user interfaces (also under the notion of

intelligent user interfaces). Personalized human–computer interaction, however, does not

only subsume approaches to support the individual user, it also bears high potential if

applied to collaborative settings, for example, through supporting the individuals in a

group as well as the group itself (considering all of its special dynamics). In collaborative

settings (remote or co-located), there generally is a number of additional challenges

related to human-to-human collaboration in a group, such as group communication,

awareness or territoriality, device or software tool selection, or selection of collaborators.

Personalized Collaborative Systems thus attempt to tackle many of these challenges.

For instance, there are collaborative systems that recommend tools, content, or team

constellations. Such systems have been suggested in different domains and different

collaborative settings and contexts. In most cases, these systems explicitly focus on a

certain aspect of personalized collaboration support (such as team composition). This

article provides a broader, concise overview of existing approaches to Personalized

Collaborative Systems based on a systematic literature review considering the ACM

Digital Library.

Keywords: personalization, adaptive systems, collaborative systems, CSCW, systematic review

1. INTRODUCTION

Personalized Collaborative Systems (PCS) are a relatively young research field at the intersection
between human–computer interaction (HCI), computer-supported cooperative work (CSCW),
psychology, and sociology but also more technically oriented fields, such as User Modeling,
Recommender Systems, Machine Learning, and DataMining. This disciplinary breadth makes PCS
highly interesting for several application and research domains, on the one hand, but harder to
capture in its entirety, on the other hand. To the best of our knowledge, there is no systematic
review (SR) on PCS yet, neither is there a common understanding or definition of PCS across the
various communities.

In this article, we aim at (i) providing a concise overview of PCS, (ii) establishing common
ground and a shared understanding based on the intersection of work in different domains, and (iii)
suggesting a general definition of PCS. In order to achieve these goals, we conducted a systematic
literature review (see section 2).
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The following sections describe in further detail the most
closely related fields behind PCS. A PCS inherently involves
personalization as well as collaboration aspects. We thus provide
relevant definitions related to these fields to be referred to
throughout this article.

1.1. Collaborative Systems
Humans as social beings are inherently used to working
together in groups. The urge to work together with others
is deeply anchored in our nature and dates back at least
until the prehistoric times when early hunters and gatherers
saw advantages in doing these activities together to increase
effectiveness, efficiency, and have safeguarding against failure. To
arrive at a more precise definition of what the phrase “working
together” means, we suggest the definition of London (1995)
who holds that collaboration is working together synergistically,
and therefore, differs from other forms of group work, such
as coordination or cooperation. Denning and Yaholkovsky
(2008) agree insofar, as they also see coordination (“regulating
interactions so that a system of people and objects fulfills
its goals”) and cooperation (“playing in the same game with
others according to a set of behavior rules”) as weaker forms
of working together, compared to collaboration, which they
generally describe as the “highest, synergistic form of working
together” and detail as “creating solutions or strategies through
the synergistic interactions of a group of people.”

One of the most traditional and maybe the most popular
model to facilitate the description of collaboration processes is
Johansen’s popular time-space matrix (see Johansen, 1988). The
matrix allows for a categorization of collaboration or related
groupware along the two dimensions time (“same time” or
synchronous vs. “different time” or asynchronous) and space
(“same place” or co-located vs. “different place” or remote). For
instance, a call on a video conferencing system or a brainstorming
session on a shared web-based whiteboard would be classified
as synchronous remote interaction, whereas a traditional bulletin
board enables asynchronous remote interaction. Examples for
synchronous and co-located interactions are interactive sessions
on a tabletop computer or a large vertical shared display. A note
left on a whiteboard to be read by another person at a later point
in time is an example for asynchronous, co-located interaction.

While hunter and gatherer societies were almost exclusively
restricted to synchronous, co-located collaboration (maybe apart
from leaving asynchronous messages on cave walls) and even
more recent settings, such as collaboration around interactive
tabletops (see e.g., Rogers and Lindley, 2004; Buisine et al.,
2012) were traditionally easy to classify as either synchronous
or asynchronous and remote or co-located, today’s flexible
work environments involve settings which are best described
as highly dynamic and flexible in nature, often switching forth
and back between remote and co-located or synchronous and
asynchronous work (often even in parallel). At the same time,
recent advancements in technology have led to better support
of these settings. As a consequence, this would mean that all
four quadrants of the matrix might play a role in one single
collaborative setting and a clear distinction is not possible

anymore. Very recently, a mixed form of all these different
characteristics was described as hybrid collaboration by Neumayr
et al. (2018). Nevertheless, the distinction between remote and co-
located and synchronous and asynchronous remains an important
tool for describing the nature of collaboration (see e.g., López and
Guerrero, 2017). The distinction, mainly between remote and co-
located, is further used to classify papers retrieved throughout the
review described in this article.

In the context of this article, we define collaborative systems,
as such interactive systems that provide support in one form
or another for collaborative use, that is, they allow and
actively support the synergistical group work processes of a
number of either co-located and/or remote individuals, including
hybrid collaboration.

1.2. Adaptation and Personalization
According to Oppermann and Rasher (1997), there is a wide
spectrum of adaptation in interactive systems spanning from
mere user-initiated adaptability to fully system-driven adaptivity.
Personalization has the aim of supporting individual users
according to their special needs and prerequisites and can
in principle be achieved through all stages of this spectrum,
from merely configurable systems without system initiative to
pure adaptivity without any possible user interference. For
instance, Oppermann and Rasher (1997) mention automated
selection of explanation granularity based on a user model
in the learning system context as an example for “system-
initiated adaptivity (no user control).” Audio adjustment and
selection among various alternatives of control objects, which
provide the same functionality, are listed as features of “user-
initiated adaptability (no system initiation).” While adaptability
might often have the disadvantage of a high effort that is
necessary to achieve personalization, the upside is that the
user is in full control. On the other hand, adaptivity needs
only few cognitive resources from users with the danger of
them not feeling in control of what is happening. Within
the spectrum of adaptation (which Oppermann and Rasher,
1997 use to refer to both adaptivity and adaptability), there
is a broad range of possible gradations, such as “System-
initiated adaptivity with pre-information to the user about the
changes” close to the system-initiated adaptivity extreme or
“User-desired adaptability supported by tools (and performed
by the system)” close to the user-initiated adaptability extreme.
Somewhat in the middle of the spectrum, Oppermann and
Rasher (1997) see “User selection of adaptation from system
suggested features.”

As described in Augstein and Neumayr (2019), the study
of personalization in recent decades has mainly focused on
the personalization of content (e.g., recommendation of items),
navigation (e.g., recommendation of personalized paths through
an item collection), and presentation (e.g., adaptation of input
element size or selection of colors) to an individual’s needs and
preferences in different domains.

Popular domains are e-commerce (see e.g., Schafer et al., 2001;
Paraschakis et al., 2015), e-learning (see e.g., Brusilovsky and
Henze, 2007; De Bra et al., 2013), music (see e.g., Bogdanov et al.,
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2013; Schedl et al., 2015), or movie recommendation (see e.g.,
Miller et al., 2003; Gomez-Uribe and Hunt, 2015).

In the domain of e-commerce, personalization is most
commonly established through recommendation of products
based on a user’s past interaction with the system or a
user’s reported preferences. In the domain of e-learning,
personalization involves recommendation of learning content
based on previous knowledge and past performance. In the
music and movie domain, personalization is most often seen in
form of personalized recommendations of movies or other video
items, songs, or artists based on past interaction (e.g., viewing or
listening behavior).

Further research on personalization for the individual has
been done under the notion of personalized HCI (see Augstein
et al., 2019), for instance, in the concrete form of adaptive user
interfaces (see Peissner et al., 2012; Park et al., 2018; Gajos
et al., 2007) or personalization of input or output processes
(see Augstein and Neumayr, 2019; Biswas and Langdon, 2012;
Stephanidis et al., 1998). For instance, personalized HCI might
include personalized arrangement of input elements on a user
interface, the personalization of output modalities, or automated
selection or recommendation of input devices, often considering
a user’s motor or cognitive impairments.

1.3. Personalization for Collaboration and
the Need for a Systematic Review
All the diverse endeavors in the different domains are aimed
at improving the use of the more general term interactive
systems. In addition, they are united in their efforts to support
an individual user as optimally as possible. Personalization
has traditionally and commonly been inherently understood
as individualization, that is, emphasizing aspects like modeling
individual users’ characteristics as profoundly as possible or
tailoring content, system or user interface components to these
characteristics as accurately as possible (see section 1.2).

One aspect that, however, seems to be comparably
understudied lies in personalized support of individual users
as part of a group or of the group as a whole. There is profound
ground work for such efforts stemming from different domains,
such as CSCW, psychology, or sociology. For instance, there are
multiple studies on team composition and its potential effect on
group work success. For example, Horwitz and Horwitz (2007)
suggest teams with substantial skill diversity, Lykourentzou
et al. (2016) propose team compositions based on balanced
personality types, and Kim et al. (2017) present research on the
effects of gender balancing in teams. Gómez-Zará et al. (2019)
further suggest using a combination of several factors, such
as “warmth skills” (e.g., creativity, leadership experience, and
social skills), bonding, and bridging capital to arrive at good
team constellations.

Yet, in our observation, only few of these findings have been
taken up as a basis for automated (i.e., primarily system-driven)
personalization for collaborative work (or groups in general). A
second observation that motivated us to systematically review
research on PCS was that related work seemed to be spread across

several domains (and might thus be harder to gain an overview
for researchers).

Therefore, in this article, we provide an SR of relevant
literature in the ACM Digital Library (DL) in order to study
personalization in and for collaborative systems. In this review,
we do not exclude any parts of the adaptivity–adaptability
spectrum, but lean more toward the adaptivity side because
in collaborative systems the burden of a high cognitive load
is often further increased through the social interactions that
come along their usage, rendering additional configuration
efforts unmanageable.

In the context of this article, we define PCS as follows:
“Personalized Collaborative Systems are systems that provide

any kind of explicit or implicit personalized support for the

individuals in a group or a group as a whole, to aid group

processes.” Thus, systems or approaches that provide only
individual support (but without a group context or collaboration
aspect) as well as systems that offer collaboration tools but do
not provide any kind of personalization are not PCS according
to our definition.

1.4. Structure of the Article
This article is structured as follows. Section 2 describes in detail
our approach to the systematic literature review comprising
the planning of the review and the actual execution. Section
3 presents our main findings concerning a thematic overview,
scientometrics, paper types, domains, research directions, the
foundations of adaptation and personalization, and study types
of the publications. In section 4, we discuss a taxonomy of
personalized collaborative systems that gives an overview over
the types of adaptation/personalization as well as collaboration
support or tools for each of the publications, while section 5
concludes the article.

2. SYSTEMATIC REVIEW METHODOLOGY

There is an exceptionally long history of SRs in the field of
medicine that dates back to the eighteenth century according
to Bartholomew (2002). More recently, there have been efforts
to transfer this methodology to other domains, for example, the
social sciences, or business and economics with an early attempt
by Tranfield et al. (2003), and finally to software engineering
through Kitchenham and Brereton (2013). The main benefits of
SRs are frequently identified as: (i) reduction of experimenter
bias, that is, avoid preferences for certain papers or against other
papers, (ii) increased repeatability/consistency of results, that is,
different researchers should get the same results for the same
research questions (or at least differences should be reproducible
due to the detailed reporting), and (iii) auditability, that is,
detailed reporting by following the methodology should make
it easier to assess the credibility of the results (see Kitchenham
and Brereton, 2013). The approach mentioned in this article
is inspired mainly by the works of Tranfield et al. (2003) and
Kitchenham and Brereton (2013), and further enriched through
recent practical applications by Nunes and Jannach (2017) and
Brudy et al. (2019). The reason for this is the lack of one
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definitive guide to SR applicable to the field of HCI that stems
from its interdisciplinary nature, connecting aspects of social
sciences, psychology, software engineering, ergonomics, and
further neighboring domains.

A common approach is to segment the SR procedure into
several stages, such as (i) planning the review, (ii) conducting
the review, and (iii) reporting and dissemination. The following
sections detail on our approach of planning and conducting the
review, while the remainder of the article is implicitly concerned
with our reporting and dissemination.

2.1. Planning the Review
In this section, we present our main research goals and questions
as well as a discussion of our choice of the literature database
and the inclusion and exclusion criteria used to arrive at the final
corpus of publications.

2.1.1. Research Questions
Our general research goal (provides a systematic overview of
existing work on PCS) can be detailed through the following
concrete sub-questions to be answered by the SR:

• RQ1: Is there research that can be categorized as PCS
according to our definition (see section 1.3)?

• RQ2: What domains are relevant for PCS and what domains
make use of PCS?

• RQ3: In what way (e.g., empirical study, system, or tool
description) is work on PCS presented?

• RQ4: Since when (approximately) is research on PCS reported
and how did it chronologically evolve?

• RQ5: Can a historical shift in terms of “human-centeredness”
(e.g., related to controllability) in work on PCS be observed?

• RQ6: How can work on PCS be thematically clustered?

2.1.2. Queried Data Sources
The ACM DL1 is a comprehensive database covering the
publication years 1936 until today and was chosen a priori
because it contains the most relevant conference proceedings
and journals for the field of HCI (which broadly spans over the
majority of all potentially relevant domains). Although ACM
DL’s scope is vast with more than 2.8 million publications in
its database, it was a deliberate decision to not use an even
broader database, such as Google Scholar, for the initial search,
because of the danger to retrieve a much higher percentage
and unmanageable amount of non-relevant publications without
any further filters (e.g., concerning the publication years) and
also such that are of inferior quality or not published under
peer-review procedures. Also, we are aware that the selection
of results retrieved from the ACM DL is most probably neither
complete nor fully exhaustive. It was our aim to provide a wide-
angle overview, not necessarily to uncover every existing relevant
work. We believe that the ACM DL most probably provides
the most diverse and broadest-possible overview, compared to
other popular data sources, such as the IEEE Xplore (which in

1https://dl.acm.org/about (accessed May 14, 2020).

principle is also vast). Our confidence in this stems from the
fact that, on the one hand, the computing community (in which
work on “systems” is usually rooted) in its various facets (e.g.,
HCI, Artificial Intelligence, Algorithms & Computing Theory,
Information Retrieval, or Logic and Computation, just to name
a few of many ACM Special Interest Groups) focuses strongly
on ACM-sponsored or -supported conferences or ACM journals
for publishing their most important and advanced research
findings. On the other hand, the ACMDL contains more journals
and conference proceedings from domains that are considered
interdisciplinary (e.g., with a focus on human-centered design
and development) than comparable data sources like IEEE
Xplore. Examples for the premier venues in related domains
are the ACM Conference on Human Factors in Computing
Systems (CHI), the ACM Conference on Recommender Systems
(RecSys), the Conference on User Modeling, Adaptation and
Personalization (UMAP), or the ACMConference on Computer-
Supported Cooperative Work and Social Computing (CSCW).
Due to their immense impact, the named conference venues are
often even preferred to thematically relevant journals by many
researchers. As this prioritization of conference proceedings even
over journal articles was often not understood by researchers
of other fields, most of these conference venues have recently
switched to a journal publicationmethod instead of or in addition
to conference proceedings. These facts, combined with explicitly
stating in this article that we limited our SR on the ACM DL, are
in accordance with the typical benefits [mainly (ii) and (iii)] of
SRs as mentioned before. Also, all other SRs in our major field
of research we are aware of either use the ACM DL as one of
few major data sources (see e.g., Nunes and Jannach, 2017) or
exclusively utilize it (see e.g., Brudy et al., 2019). Nevertheless, we
initially considered using IEEE Xplore as well and we ran an a
priori query identical to the one that was used on the ACMDL to
get an overview of the characteristics and quality of the results.
We quickly scanned almost thousand of the returned ∼3,000
results, and our findings there suggested an extremely high
number of false positives (>95%, comparable to the expected
false positive rate on Google Scholar). Also, our impression was
that the potentially relevant fields were strongly limited (almost
exclusively to the domain of education), whereas the initial results
on the ACM DL suggested a much broader view which aligned
better with our research goals (including uncovering domains in
which research on PCS has been performed, see section 2.1.1).

2.1.3. Inclusion and Exclusion Criteria
Before the actual search, we established the following inclusion
and exclusion criteria. The inclusion criteria can be summarized
as follows and are reflected in our laborious process of search
query creation as described in section 2.2.1.

• IC1: The publication contains research about a collaborative
system as defined in section 1.1.

• IC2: The publication describes a personalization approach or
some other kind of adaptation as defined in section 1.2.

Please note that our definition of PCS provided in section 1.3 is
a bit more exclusive in nature as it considers only systems that,
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besides satisfying IC1 and IC2, use their personalized support
to aid group processes. We deliberately chose not to add this as
third inclusion criterion in order not to miss borderline cases.
Instead, we considered all borderline cases returned by our query
that satisfied IC1 and IC2 as potentially relevant and individually
checked them based on their respective full text.

It is further important to note that only papers fulfilling both
of our inclusion criteria were selected for the SR. Concerning
the exclusion criteria, which are described below, we excluded
publications if at least a single one of them applied.

• EC1: The publication is not relevant, because it is dealing with
other topics (i.e., semantically false positives).

• EC1a: No collaboration or collaborative system was studied
or discussed in the publication (e.g., the result came up
because of “collaborative filtering,” although the paper is not
dealing with collaboration between humans).

• EC1b: The publication does not include any kind of system
initiative; it is, therefore, situated at the far-right end of
Oppermann and Rasher (1997) spectrum of adaptation.
Please note that there are publications in our final dataset,
where no finalized or prototype system capable of system-
initiated adaptation or personalizaiton is present, but these
papers concretely discuss future directions for system-
initiated measures, hence, making them relevant to our
research questions, such as the included publication by
Sigitov et al. (2018).

• EC2: The publication language is neither English nor German.
• EC3: The publication is not a full paper, which we defined

as having at least six pages in length and not identified
as Demonstration, Poster, Extended Abstract, Workshop
invitation, etc.—such papers were also returned in our search,
although we used the refinement “Research Article” in the
ACM DL.

2.2. Conducting the Review
In this section, we describe the details concerning our search
query creation and detail on the results that were retrieved from
the ACM DL.

2.2.1. Search Query
To obtain an overview of the relevant literature in the ACM
DL without losing research due to keyword mismatches, we
used an inclusive approach at first by specifying our search
query to account for every conceivable combination of common
synonyms or similar concepts of the two areas of interest:
collaboration and personalization. However, to avoid such papers
that only deal with the aspects marginally (e.g., only mention
them somewhere in the full text), we decided to search for
the terms in the abstracts. Due to the limited documentation
connected to the ACM DL, we could only conclude from the
results that in addition to the abstract, the name of the publication
medium (e.g., the conference name) and the keywords were
also searched. Apart from the refinement that the results should

be a Research Article (in order to avoid such papers that are
explicitly stored as, e.g., Panel, Poster, or Short Paper), we
searched the ACM Full-Text Collection without any further
filters. Consequently, no time ranges were excluded.

Our search query, which was derived from the research
questions introduced in section 2.1.1, therefore, consisted of
two sets of keywords. The first set (applying to IC1) included
possible aspects of collaboration (such as “collaborative system,”
“CSCW,” “CSCL,” or “groupware”) in different variants (such
as “Computer-Supported Cooperative Work” or “Computer-
Supported Collaborative Work”). The second set (applying to
IC2) included possible aspects of personalization (such as
“personalized” or “adaptivity”) in different variants. The two sets
were connected with a logical AND operator, while the elements
within the two sets were connected with logical OR operators.
This led to search results that contained at least one element of
each of the two sets.

2.2.2. Query Results
Running our query on December 12, 2019 on the ACM DL
yielded a corpus of 345 results (one duplicate leading to 344
results) containing 34 articles from journals and 310 from
conference proceedings. The original corpus comprised the years
1997 through 2019. One researcher then went through this result
set and judged the papers according to EC1–EC3 by reading
the abstracts and having a look at the full texts in case the
abstract’s judgment was ambiguous. This run resulted in a set
of 46 papers (13.4 %) judged as potentially relevant. After the
resulting relevant papers were tagged and read more thoroughly,
they were discussed by two researchers that led to the exclusion
of ten papers due to EC1 (nine papers) and EC3 (one paper
that was wrongly not excluded by the researcher during the
initial judgments). Therefore, the final pass yielded a set of
36 relevant papers, which accounts for 10.47% of the original
corpus (owing to the inclusive approach taken at first). While we
selected two of the original 34 journal articles (5.88%) as relevant
ones, 34 of the 310 conference papers (10.97%) were regarded
as relevant. Interestingly, all of the 37 most recent publications
from the year 2019 (including six journal articles) had to
be excluded.

For an overview of the inclusion and exclusion process, see
Figure 1.

One illustrative example of a conference paper that came
up in the result set but was excluded due to EC1 is the
CSCW conference paper by Egelman et al. (2008) and was
accompanied by many similar exclusions. The paper was part
of the original result set because the word “personalization”
is inside the abstract (IC2) and the conference name is
CSCW (IC1) (as mentioned above, the ACM DL also searches
the publication name). However, the paper neither focuses
directly on collaborative behavior between humans, nor does
it understand personalization as we do. Instead, it mentions
that family members wish for privacy and personalization for
specific tasks on a shared home computer and understands
personalization as customizing parts of the shared computer’s
software, such as customizing the individual desktop or
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FIGURE 1 | PRISMA diagram according to Moher et al. (2009).

bookmarks as opposed to using a shared desktop or bookmarks
(Egelman et al., 2008, p.674).

One illustrative example of a journal article that came up
in the initial results but was excluded is from the CSCW issue
of the journal Proceedings of the ACM on Human-Computer
Interaction in November 2019 by Norris et al. (2019). In their
article, they discuss the temporal coordination in collaborations
of geographically dispersed teams, and by doing so, fulfilling
IC1. However, no personalization or adaptivity is described,
therefore, not fulfilling IC2. The article was returned in the initial
set, because the keyword “adaptive” is part of the abstract in
the sentence “Moreover, the adaptive practices of these broadly
dispersed groups are still not well-understood” and can be
regarded as a false positive that was consequently excluded.

Furthermore, it was surprising to see that only two papers
from a conference venue, we initially regarded as highly
relevant, namely RecSys, were part of the corpus and even
those had to be excluded. The first one is Ng and Pera (2018)

that—although potentially relevant—fell victim to our short
paper exclusion criterion EC3 because it is only five pages in
length (four pages plus references). The other one is Harper
et al. (2015), which however deals with no collaborative system,
and therefore, does not fulfill inclusion criterion IC1. The paper
came up in the results because “collaborative filtering” is one
of the meta-data keywords, triggering our search query together
with “personalization,” which is contained in the abstract. In
conclusion, we would like to emphasize that only because a
paper describes a recommender system (e.g., using collaborative
filtering), this does not automatically make it a PCS, if no groups
or individuals working in groups are supported.

3. RESULTS

In this section, we summarize our insights and findings obtained
through the systematic analysis of the 36 papers that remained in
our final data set (see section 2.2.2).
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FIGURE 2 | Word cloud (generated by wortwolken.com) depicting the words

most frequently used in the papers’ abstracts.

3.1. Thematic Overview
Combining the contents of the retrieved abstracts and using the
frequency of a term as a measure of its size yields the following
word cloud (see Figure 2). Although the words in the cloud
are dependent on the search query we ran, it is interesting
to see which terms are further connected to these areas and
which terms thematically unfold as common denominators by
the combination of the abstracts. For this reason, no stop words
were removed to paint a faithful picture of the words and phrases
contained in the abstracts.

3.2. Scientometrics, Publication Date, and
Venue
In Figure 3, we visualize the publications’ current impact by
depicting their citations (retrieved on May 7, 2020) in the ACM
DL as well as Google Scholar. Further, we distinguish between
journal publications and publications in conference proceedings
and report on the publication date. In the following, we discuss
our observations related to venue, publication date, scope, and
impact of the publications in our final corpus.

3.2.1. Venue
Most of the papers are full papers in conference proceedings (34
out of 36), the remaining two are journal publications [ACM
Transactions on Multimedia Computing, Communications, and
Applications (TOMM)’16 and ACM Transactions on Applied
Perception (TAP)’15]. The conferences show a large variety
with only 13 papers from recurring conference venues: four
papers at CHI, three at UMAP, two at CSCW, two at the
ACM International Conference on Information and Knowledge
Management (CIKM), and two at the ACM SIGCHI Symposium
on Engineering Interactive Computing Systems (EICS). All other
papers are single-shot conference venues. This maybe hints at a
fragmentation and that this topic of personalized collaborative
systems is not strictly rooted in a certain community but
discussed here and there and everywhere. Further, it was also

interesting to see that thematically highly relevant conference
venues, such as RecSys, CSCW, UMAP, or CHI did not yield a
higher number of relevant papers.

3.2.2. Publication Date
We can see that although we did not limit the publication date,
the papers in our final corpus have all been published between
2007 and 2018, that is, all highly relevant work (according to our
definition as reflected by our search query) on PCS seems to have
taken place during the past decade (13 years, to be more precise).
This hints at the conclusion that personalization in the area of
collaborative systems is a relatively young research field.

3.2.3. Scope
As we can further see in Figure 3, there is only a rather small
number of directly related papers per year (between 1 and 5),
and there is even 1 year between 2007 and 2019 without a
related publication (2010). The number of papers per year has
not significantly changed since 2007 (the year of the first directly
related publication). This seems to indicate that in addition to the
research field being relatively young (see previous observation), it
is still rather a niche field and has not received growing attention
throughout the past years.

3.2.4. Impact
It is still surprising that only a few papers have more than 20
citations. The paper by Teevan et al. (2009) is the most cited (82
in ACM DL and 145 in Google Scholar) by a large margin. There
are five papers with zero citations on ACM and with only one or
zero citations on Google Scholar. Please note that the citations
on the ACMDL and Google Scholar cannot be added up, as most
citations of the ACM DL will be part of the number in Google
Scholar. Interestingly, the UMAP papers while published at a
well resonating conference venue are notoriously undercited with
zero citations at ACM DL and combined two citations at Google
Scholar. This further contributes to the impression that this field
is a niche field still (see previous observation).

3.3. Paper Types
This section describes the types of publications that were part
of our final corpus. We classified them according to their
main contributions in the categories described below. The
categories were selected based on the classification used by
Nunes and Jannach (2017) in combination with the description
of results by Brudy et al. (2019). Please note that most of the
publications apply to more than one category (e.g., a novel tool is
proposed and evaluated, leading to the categorization as tool and
evaluation). In the following, we describe the categories used:

• Ground Work: The paper contains ground work for or
contributes to lay the foundation for future efforts in
personalized collaborative systems, for example, Hashavit et al.
(2018), who presented a foundation for personalization in
group chat through implicit user modeling (UM).

• Evaluation: The paper contains empirical or
analytical evaluation of a system, tool, technique,
or interaction/collaboration behavior in the area of
personalization and collaboration.
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FIGURE 3 | Citations and conferences/journals (TAP and TOMM) for each paper. Citations were retrieved from ACM Digital Library (DL) and Google Scholar on May 7,

2020.

• System: The paper proposes or describes a (novel) system
in the area of personalization and collaboration with
a focus on its technical implementation (e.g., including
system architecture, system components and communication
between them, details related to programming language,
design patterns, or even code snippets).

• Technique: The paper proposes or describes a (novel)
technique that can contribute to enhancing personalized
collaborative systems. Here, the focus is not on a certain
specific tool or system (e.g., screen sharing across different
device types could be studied as technique without emphasis
to the concrete tool, system, or implementation behind).

• Tool: The paper proposes or describes a (novel) tool with a
focus on its functionality (here it is more important what kind
of service the tool provides for the user, how it is used and
interacted with and what problems in collaboration it can help
to tackle rather than how it is technically implemented).

We then analyzed and classified the papers in our final corpus
according to this categorization. Figure 4 provides an overview
of the results. The figure presents the total number of papers per
year, which is represented by the height of the bars as a whole and
gives an impression of how these papers are distributed among
the different types. For example, in the year 2007, there was

one paper (y-axis) that was associated with three different types
(represented by the different colors).

As can be seen from Figure 4, the types of the publications per
year are relatively widespread over the categories we introduced.
There is no obviously dominant paper type, although a slight
tendency toward a focus on the Evaluation category can be
observed. This assumption is confirmed by a more in-depth
analysis of the publication contents that reveals a noticeable
transition from rather technically focused to more human-centered
work. For instance, a large part of the early publications classified
as Evaluation papers contain algorithmic evaluations (e.g.,
performance tests), whereas the majority of the later publications
have a clear focus on the human (e.g., user experience and user–
system or user–user interaction). This ties in well with more
global trend toward human-centered design (comprising also
human-centered evaluation).

3.4. Domains
This section gives an overview of the different domains that
were covered in the papers (see Table 1) and together with
section 3.5 is thought to give a basic understanding of the
papers’ topical foci. The majority of papers (22 out of 36) discuss
approaches on a general level, therefore making knowledge
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FIGURE 4 | An overview of the different paper types per year. The full bars

depict the number of papers per year. Different colors of the segments within

the bars give an impression about the paper types within the papers. Please

note that several categories may apply to a single paper, for instance, the

single paper in 2007 is associated with three categories.

transfer easier to specific application domains. The elaborated
subdomains, for instance, include collaborative task solving or
task management, personalized search, collaborative writing, or
privacy management. In addition to the rather general findings
in these papers, there are a number of papers (14 in total) that
are more closely bound to certain domains, such as healthcare,
education, business, or museum experience.

3.5. Research Directions
This section describes a categorization of the papers according
to their most dominant research directions and provides an
overview of the papers in the respective categories. Please note
that the categorization is based on the authors’ impression about
what the major research direction was and represents just one
of probably several possible solutions, which is also discussed at
several occasions in the following.

3.5.1. Recommendation
We regarded four of the papers as work on recommender
systems. Liu et al. (2018) describe a framework for context-
aware academic collaborator recommendation based on topics
and authorship of previous literature in order to solve the
CACR (context-aware academic collaborator recommendation)
problem. They tested a recommendation algorithm on a large-
scale academic dataset with more than 3 million academic
literatures and 300,000 researchers. In a machine learning
approach, they used 80% of the dataset as training data and 20%
for the evaluation, which showed that their algorithmwas capable
of outperforming several baseline methods for the prediction
and suggestion of collaboration partners. In summary, this work
is relevant because it contains an approach to personalization,
which supports collaboration (through recommendation of
people to work with).

TABLE 1 | Overview of the papers’ domains.

References Domain –– Subdomain

Hashavit et al. (2018) General –– Group chat collaboration

Liu et al. (2018) General –– Academic collaboration

Piumsomboon et al.

(2018)

General –– Remote mixed reality collaboration

Sigitov et al. (2018) General –– Collaborative task solving

Blichmann and Meissner

(2017)

General –– Widget recommendation for Workspace

Awareness

Fraser et al. (2017) General –– Task management for group construction

work

Kremer-Davidson et al.

(2017)

Business –– Enterprise social network for social

presence

Nezhad et al. (2017) Business –– Automated filtering of system

notifications

Tokuda et al. (2017) General –– Novel display and interaction devices

Evans et al. (2016) Education –– Collaborative learning

Han et al. (2016) General –– Collaborative information retrieval/search

Yan et al. (2016) General –– Video recommendation

Octavia and Coninx (2015) Healthcare –– Collaborative rehabilitation

Schuwerk et al. (2015) General –– Shared manipulation of virtual objects

Fosh et al. (2014) Museum –– Personalized collaborative museum

experiences

Roberts et al. (2014) Museum –– Collaborative interactive map

exploration

Schaub et al. (2014) General –– Use of ambient calendar systems for

individuals and groups.

von Zadow et al. (2014) General –– Individual interaction with large

wall-mounted multiuser displays

Clayphan et al. (2013) General –– Touch identification

Herranz et al. (2013) General –– Emergency management

Ioannis et al. (2013) Education –– Collaborative learning

Kane et al. (2012) Healthcare –– Augmented and alternative

communication for people with aphasia

Nagpal et al. (2012) General –– Personalized web search

van Dijk et al. (2012) Museum –– Collaborative electronic quest

Anastasiu et al. (2011) General –– Personalized web search

Feld and Müller (2011) Automotive –– Knowledge management and sharing

between cars

Fujita et al. (2011) Business/Leisure –– Enhancement of f2f leisure or

business communication

Rinck and Hinze (2011) General –– Collaborative (academic) writing

Streibel and Alnemr (2011) General –– Personalized breaking news network

Bouassida Rodriguez

et al. (2009)

General –– Technical/software architecture modeling

Caporusso (2009) Education –– Adaptive learning applications (CSCL)

Teevan et al. (2009) Business –– Personalized web search

Wolfe et al. (2009) General –– Technical/software architecture modeling

Hawkey (2008) General –– Visual privacy management in co-located

collaboration

Sancho et al. (2008) General –– Ubiquitous collaborative systems

Li et al. (2007) Business –– Project management

Blichmann and Meissner (2017) propose a system that is
powered by an algorithm that calculates a recommendation
list of different widgets for increasing workspace awareness
(concerning, e.g., who is available, or on which projects the

Frontiers in Computer Science | www.frontiersin.org 9 November 2020 | Volume 2 | Article 562679

https://www.frontiersin.org/journals/computer-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/computer-science#articles


Neumayr and Augstein A Systematic Review of Personalized Collaborative Systems

remote collaboration partners are currently working) for remote
collaboration based on users’ preferences and the current usage
context. In a pilot user study described in Blichmann et al.
(2015) (please note that this additional paper was not selected
by our query due to missing personalization or adaptation
keywords in the abstract), the workspace awareness widgets
were well-received by the participants. The paper of Blichmann
and Meissner (2017) is relevant according to our definition
of PCS because it offers an automated, system-driven way
to support workspace awareness (which again contributes to
enhanced collaboration).

Yan et al. (2016) propose a novel way of video
recommendation integrating information from Twitter to
avoid typical problems, such as Cold Start. They do not directly
discuss a collaborative system as defined in section 1.1, but after
discussing the relevance we decided for inclusion in our final
corpus mainly because it provides important ground work for
using Social Media data (itself being an outcome of collaborative
activity) to potentially jump start future recommender systems
in the domain of PCS.

Li et al. (2007) suggest a system that sorts lists of activities
in activity-centered groupware for remote collaboration based
on their predicted priority. The authors’ aim is to decrease the
problem of activity overload in activity-centric collaboration
environments. They evaluated their approach using log data and
compared the activities opened by users to the activity’s predicted
priority. Their model works significantly better than the currently
employed ranking system. This paper is relevant because it
presents a system-driven way to personalize the selection of
displayed activities in groupware. The approach thus establishes
automated support for collaboration.

In essence, the papers in this section show that recommender
systems can contribute to PCS in multiple ways, such
as recommending potentially fitting collaboration partners
(Liu et al., 2018) by providing in situ suggestions for
improving awareness based on collaborative interaction in
groups (Blichmann and Meissner, 2017), by showing that usage
data can be utilized as base data (Yan et al., 2016), or by suggesting
task activities in group work (Li et al., 2007).

3.5.2. User Modeling
Three of the papers in our final corpus focus on the topic
of UM. Hashavit et al. (2018) aim at the reduction of
the load of conversational content “in enterprise group chat
collaboration tools, such as Slack” by predicting individual users’
participation in conversations and present an analysis of their
UM components. More precisely, they created user models from
Slack channels, modeled discussion topics of interests, modeled
social relationships, and assessed user model quality by its
ability to predict content of interest to a user. They showed
that their user model was able to predict users’ participation in
conversations. All of these advances are important for future
PCS, as they bear the potential to decrease the complexity of
collaborative UIs through personalization.

Sigitov et al. (2018) investigate collaboration processes of
dyads and focus on the transitions between collaboration states

(i.e., an action of user X followed by a reaction of user Y) and
interferences. The authors categorize these transitions based on
changes in proximity, verbal communication, visual attention,
visual interface, and gestures. The findings can be considered a
basis for design of intelligent user interfaces and development of
group behavior models, which can then facilitate personalization
for groups.

Caporusso (2009) presents novel UM approaches for adaptive
learning applications where perceptual, cognitive, and attitudinal
characteristics of the users are taken into consideration and
are applied through users’ own decisions or a self-assessment
test. Regarding Oppermann and Rasher (1997)’s spectrum of
adaptation, the former (own decisions) can be seen more
on the side of user-initiated “adaptability,” the latter (self-
assessment test) is more on the system-driven side (“adaptivity”).
Concerning the performance of the learners, the version
dependent on users’ decisions (i.e., adaptability) outperformed
both the adaptivity and baseline non-adaptive versions according
to their study. Their findings further show that a well-applied
adaptation based on a sound user model can increase learners’
performance and might in addition generalize to other domains.
The paper presents measures for adaptations in learning
applications that follow the Advanced Distributed Learning
(ADL) paradigm, that is said to “facilitate collaborative efforts
by students to investigate phenomena and solve problems” (see
Fletcher et al., 2007). This paper was a borderline case due to
limited collaboration context (regarding inclusion criterion IC1).
We decided to include it because the author explicitly identifies
his endeavors as a “personality-aware framework for ADL,” thus,
contributing ground work for adaptations in future collaborative
learning scenarios.

The papers in the UM section hint that both single users
as well as groups as a whole in collaborative settings can be
supported by personalization. However, although we identified
other papers also employing a user model (mostly more
marginally), these three papers are in our understanding the only
ones in our corpus that particularly focus on UM in PCS. This
leads us to the conclusion that more effort should be put into UM
for collaboration support in the future.

3.5.3. Personalizing Experiences
The personalization of experiences is in the center of three of
our papers. Fosh et al. (2014) describe an approach to facilitate
personalized and collaborative interpretation of museum exhibits
in co-located settings. The approach is aimed at tackling all
three challenges faced by designers of mobile museum guides:
delivering deep personalization (see our inclusion criterion IC2),
enabling a coherent social visit and fostering rich interpretation
(for both see our inclusion criterion IC1). The approach includes
inviting visitors to design an interpretation tailored for a friend
that the group then experiences together. On a side note,
it is difficult to categorize such an approach in Oppermann
and Rasher (1997)’s spectrum of adaptation because technically
the approach can be regarded as user-initiated adaptability,
although from the receiving partner’s point of view there is
no personalization effort required, therefore, rendering it more
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similar to (system-driven) adaptivity. The paper further describes
a trial at a contemporary art gallery and concludes that the
experiences were well-received and led to rich interpretations
of the exhibits, however, frequently some effort was required to
maintain the social relationship between the pairs.

Roberts et al. (2014) describe part of the CoCensus project,
which leverages embodied interaction to allow museum visitors
to collaboratively explore the U.S. census on an interactive data
map in a co-located setting. Specifically, the paper reflects on
the UI design strategies to encourage visitors to collaboratively
and interactively interpret large data sets in a museum. The
personalization here lies mainly in the creation of a customized
profile that leads to the selection of a personalized slice of the
census data. It can be regarded as user-driven adaptability. The
authors describe the exploration of different methods to promote
engagement with the data through perspective taking and to
encourage collective reasoning about the data.

van Dijk et al. (2012) present the results of a study with
a personalized electronic quest through a museum aimed at
children between ages 10 and 12. Half of the participants
used a multi-touch table at the beginning of the museum visit
to personalize their quest (three to four children interacted
simultaneously and chose topics of interest from the exhibition).
This choice was used to generate their quest. The study
investigates whether personalization of the quest affects both
enjoyment and collaboration. The authors were not able
to identify statistically significant differences between the
conditions personalization/no personalization but their work can
be regarded as ground work for future endeavors in PCS for
enriching the perceptions of experiences.

Overall, the papers in this section describe efforts toward the
usage of PCS in personalizing experiences and exclusively cover
museum settings. Apart from other leisure activities, such as
restaurant visits or vacations, it is conceivable that PCS can play
an important role in serious settings to shape experiences also, for
example, in the work place.

3.5.4. Adapting Interaction
Four of the papers deal with the adaptation of interaction itself.
Tokuda et al. (2017) present a novel UI in the form of an adaptive
fog display. The authors state that the technique can help use the
screen with similar visibility for collaboration or with different
visibility for personalized content and considered different 2D
and 3D manipulation tasks for pairs or single users. The screen
can be adjusted for the individual Zone of Comfort (i.e., the
distance in which it is easy to focus one’s field of view) and even
if two users stand in front of the fog screen, the screens shape can
be changed so that both see a good image or each one sees an
individual good image (considering the Zone of Comfort). This
adjustment is by now done only after user initiative but is an
interesting way of adapting collaborative interaction that could
in the future be fueled by adaptivity.

Octavia and Coninx (2015) report on their experiences
with adapting the interaction difficulty to the capabilities of
the participants in a therapy game within and between game
sessions. During collaborative rehab training, the problem is

that repeating the same exercises over and over—which is
favorable from a medical point of view—leads to a feeling
of dullness that can be overcome through social interaction.
The need for personalization is grounded in the fact that
collaborators have different abilities that makes it frustrating
for the ones and too easy for the others. The authors propose
automated (system initiated) adaptivity to solve this issue. The
results are promising and show that with automatic adaptation
of interaction difficulty, patients showed better progress of
performance, perceived their quality of interaction to be better,
and enjoyed the training sessions.

Schuwerk et al. (2015) describe the scenario of shared haptic
virtual environments (e.g., two remote collaborators push a
3D virtual piece of wood on a surface with friction by using
joysticks applying force at two different points) and describe
and analyze the problem of communication delay (concerning
the communication of digital signals). For example, if someone
notices that nothing happens with the 3D virtual object when
they push the joystick (due to communication delay), they
instinctively push harder. Therefore, the authors propose a
system-driven adaptive force feedback system to compensate
for the delays. They implemented the game Jenga for their
evaluation (including activities, such as cooperative pushing,
pushing and pressing, and pushing from opposite sides). They
used both simulated users and real users to measure the effects
of communication delay. Interaction was measured and simple
verbal feedback was given. They were able to show that their
approach is effective in compensating adapting collaborative
manipulation tasks to changing contextual influences.

von Zadow et al. (2014) discuss personalized interaction on
wall-mounted displays via a personal UI in the form of a sleeve
display, thereby solving the problem that personalized interaction
is difficult to achieve on multi-user displays (e.g., due to a lack of
readily available tracking technology as a prerequisite to identify
individual users). The approach ties in with collaborative use
of wall-size displays; although there is no specific collaboration
support described here (this is not the focus of this paper), the
approach is inherently involved in collaborative settings. The
work described can also be seen as a foundation for collaboration
support because what is discussed here related to personalized
interaction is inherently important for collaborative interaction
in the context of PCS (e.g., around questions of privacy and
disclosure of personal information on shared displays).

The four papers in this category present different approaches
to adaptation of interaction processes and can be regarded as
subsets of personalized HCI (see section 1.2), which explicitly
involve collaborative aspects.

3.5.5. Adapting UIs
The largest share of the final papers falls into the category that
is concerned with adapting UIs. Piumsomboon et al. (2018)
explore in their paper how adaptive avatars can improve mixed
reality (MR) remote collaboration. It presents the adaptive avatar
Mini-Me for enhancing MR remote collaboration between a
local AR user and a remote VR user. The avatar represents
the VR user’s gaze direction and body gestures. The paper
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further describes a user study with two collaborative scenarios:
an asymmetric condition where a remote expert in VR assists
a local worker in AR, and a symmetric collaboration in urban
planning. They showed that using their adaptive Mini-Me avatar
led to—among other results—decreases in task completion time
and task difficulty, as well as increases in social presence and
preference ratings.

Fraser et al. (2017) propose a system that supports co-located
groups of people in assembly tasks (such as IKEA furniture)
by giving personalized work instructions and subdividing the
tasks based on workers’ skills, dependencies between tasks, and
available tools. An external dashboard display is used for a task
overview. Their aim is to bring the known benefits of task
management systems and interactive instructions to the scenario
of co-located group construction and assembly. A between-
subjects user study was conducted to find out how well the
system performs as opposed to a paper-based instruction (as
the control condition). The results show that the initial time
for coordinating was reduced by the introduction of the system
that was additionally rated positive overall, but interestingly
the participants using the introduced system rated themselves
less aware of what the others were doing as compared to the
control condition. The authors attributed this to the fact that the
participants rarely looked at the task overview (showing what the
others are currently doing) because they were satisfied with and
had trust in the tasks assigned to them by the system.

Kremer-Davidson et al. (2017) describe a system called
Personal Social Dashboard (PSD) that was implemented and
deployed at an enterprise in order to provide feedback to
employees about their usage of an enterprise social network.
Some scores are calculated, for example, Activity, Network (i.e.,
the connectedness of an employee), Reaction to employee’s
content, or Eminence (i.e., interaction of others with the
employee). The motivation is that when users are not successfully
using an enterprise social network, they become frustrated. This
can be prevented by giving feedback that can guide one toward
probable causes of the lack of success. PSD is envisioned as such
a feedback tool. The main goal of the paper is to study if the tool
is successful in raising users’ social engagement and effectiveness,
which the authors found evidence for. We consider this paper as
relevant because the individual employees’ (as part of their group
of colleagues) collaborative usage of the enterprise social network
is intended to be improved.

Nezhad et al. (2017) state that the most important interface
for the web is the browser and that more recently, most apps
work with a notification mechanism rendering it unnecessary
for users to check each app for new content. However, this is
again a burden on the users concerning information overload—
a situation that should have actually been solved through
the introduction of notifications in the first place. Therefore,
they propose an automated, personalizable way of filtering
the notifications based on a user’s predicted interest in the
notifications. The interest is inferred in an enterprise context by
the number of “actionable statements,” meaning words telling
the user to do something (such as “send me the presentation
tomorrow”). This is detected with natural language processing.
The mechanism is conceived for productivity applications in this

paper (such as e-mail, chat, messaging, social collaboration tools,
and so on). The overarching goal is to decrease information
overload caused by notifications. This is envisioned to be
guaranteed in a first step through intelligent identification of
pieces of content, which are of interest to a user (e.g., an
enterprise worker) across conversation channels on collaboration
tools (e.g., emails, chat, messaging, and enterprise social
collaboration tools). In a next step, the goal is to automatically
filter conversations (and therefore notifications) that the user
receives, thereby offering an intelligent and cognitive user
interface with reduced information load. In an evaluation they
could show that their algorithm is better in accuracy and
comparable in other dimensions in comparison to an alternative
algorithm. This paper is relevant because it provides an adaptive
mechanism that contributes to improved collaboration through
personalized notifications that help employees, for example, to
react faster and more effectively to their colleagues’ messages.

Schaub et al. (2014) show how to provide context-adaptive
privacy in anUI at the example of an ambient (i.e., wall-mounted)
calendar reacting to people moving into its vicinity. Their
system supports detection of registered users as well as unknown
persons. Ambient awareness displays in the form of calendars
aim at reducing the problems of users either having to explicitly
check their individual calendars or deal with event reminders
(both interrupting their primary activity). Privacy is essential
here because, for example, ambient calendar displays should not
show private events if this is currently not appropriate. Thus, the
system detects present persons in the proximity of the display
and dynamically adapts the displayed events to the privacy
preferences of individual users. The paper also reports on a
qualitative study with seven displays and ten users. Some selected
findings state that most participants found the presence detection
system and privacy adaptation to be reliable in most situations
(with one exception where a participant remained standing in the
doorway that caused IR sensors to trigger incorrect in and out
events). Passive interactions (such as glancing at screens) were
preferred over active scheduling at the display. Furthermore, the
system was well-integrated into the participants’ environment
and participants generally felt in control of their privacy.
However, participants also voiced concerns over centralized
collection and aggregation of information. Most participants
primarily used the calendar display as an ambient display of
information (regularly glanced at the display to gain an overview
of their schedule) and automated adaptations according to
privacy preferences worked mostly as expected. Summing up,
Schaub et al. (2014) present an interesting example of a PCS with
system-driven adaptivity applied to the privacy dimension.

Herranz et al. (2013) present a survey that lays the foundations
for future personalization and adaptation of messages between
volunteers in emergency management. The authors aim at
finding out to what extent social technologies (e.g., blogs,
forums, Facebook, instant messaging, or email) could support
volunteers in their work of emergency management as a
means of remote collaboration. They present some design
challenges, among them the personalization and adaptation of
messages. There, they argue that making the messages adaptable
to the particular needs of emergency situations (maybe on
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an individual level) would lead to be more effective in the
emergency management domain. According to their survey
results, most volunteers use social technologies daily and have
medium-high expertise. The participants saw two main use cases
for social technology: supporting communication within the
community and coordination efforts. Some others are knowledge
management, or building collaborative relationships. Sending
and receiving information about emergencies to and from
authorities is in principal seen as positive. The paper is relevant
to PCS because the survey contains ground work for categories
based on which future messages in emergency management, as a
remote collaborative activity, can be personalized.

Ioannis et al. (2013) provide work for adaptive CSCL and
suggest showing extra guidance to encourage novice learners.
More precisely, the paper discusses the addition of the adaptation
pattern “Lack of confidence” to an existing web-based CSCL tool
that was authored for teachers to create structured collaborative
activities. The idea behind this is to support and encourage
novice learners in larger groups in order to be more confident
to participate, considering the context of the group (e.g., other
learners’ domain knowledge). This is only one example of four
adaptation patterns added to the CSCL tool (the other being
“Advance the Advanced,” “Group of Novices,” and “Assign
Moderator”). The main motivation is to support teachers with
flexible tools in order to design collaborative learning tasks.
The aim of the paper is to describe the case of adding the
adaptation pattern to the CSCL tool and therefore inviting others
to do the same by adding other adaptation patterns according to
their needs.

Kane et al. (2012) adapt the UI of a personal device to
show a context-aware list of relevant words to people with
aphasia. The augmented and alternative communication system
helps people with aphasia to recall words by providing a
context-adaptive word list, that is, it is tailored to the current
location and conversation partner. The paper describes the
design and development phase (which included collaboration
with five adults with aphasia) and presents guidelines for
developing and evaluating context-aware technology for people
with aphasia. The paper is relevant because conversational
situations can be seen as co-located collaboration while users
receive personalized support.

Feld and Müller (2011) suggest an ontology describing the
automotive context with a user model (containing preferences,
interactions and a presentation model) and a context model
(containing—among others—devices, trip information, or the
external physical context). More concretely, the presentation
model is thought to provide the basis for adaptations, such
as informational or warning messages, or different display
regions of the screen that are conceivable to consider individual
passengers’ backgrounds or locations. The authors want to
contribute to a comprehensive, open platform for knowledge
management in the automotive domain. While the models can
be regarded as a basis for future adaptations, the exchange of
messages (e.g., between cars or between traffic authorities and
cars) can be seen as a form of remote collaboration. Finally, a joint
car ride with several passengers can be regarded as a co-located
collaborative setting, even more so in a possible self-driving

future. By combining these two aspects, also hybrid collaboration
settings can be imagined.

Fujita et al. (2011) designed, built, and evaluated a prototype
system that uses ambient displays to improve communication
and improve the mood, for example, through topic suggestions.
Their room-shaped system enhances the communication of a
group of people in a co-located setting by showing information
based on sensor data measuring the current state of the
participants (e.g., utterances, head positions, and hand gestures).
The information is shown on the wall, the floor (both publicly
available), and on personalized displays on a smartphone. The
information can be, for example, visualization of participant
activity or shared interests. For example, if a person sees the
visualization of a person with low activity or common interests
(projected on the floor with an appropriate color coding), they
can approach them and talk to them to improve their mood.
The overarching aim of the installation, therefore, is to enhance
communication and improve themood. Although the envisioned
personal devices were not part of the evaluations, the system is a
prime example of a PCS that adapts to the group as a whole by
taking into account the different interests of the individuals and
adapting the ambient displays on floors and walls to that.

Rinck and Hinze (2011) conceptualized, designed, and
evaluated a paper-based prototype for personalized views of
documents in a personal workspace in co-located co-authoring
of documents. They discuss the importance of different views
and show an example scenario of a scientific collaboration to co-
author a paper with collaborators having different roles, goals,
and according views. The aim is to find out the attitudes of the
participants concerning personalized views of documents (that
generalize to “information objects”). For example, they found out
that users’ collaboration efforts would be lessened if they would be
relieved of the burden of creating their views themselves, which
indicates the need for newmethods and concepts of detecting and
claiming authorship of text fragments or documents.

Streibel and Alnemr (2011) suggest a procedure of first
discovering a trend and then estimating the reputation of the
information, thus creating a reputation network. By using this
network, one will be able to have a personalized version of the
news based on the current trends and one’s trusted network.
The aim of their paper is to propose a personalized news
network based on a trend estimation algorithm in combination
with a context-aware reputation estimation algorithm. The
collaborative aspect here lies in the contents of a user’s social
media channels’ timelines, such as Twitter or Facebook that can
be regarded as the outcome of past remote collaboration.

Hawkey (2008) presents ground work for alleviating privacy
concerns in co-located settings, such as web browsing around a
personal computer. It also takes into account the user’s current
social context, for example visual privacy can be a concern if
traces of prior activities (e.g., the browsing history) are displayed
that are inappropriate for the current social viewing context.
The approach is based on a conceptual model of incidental
information privacy in web browsers. The goal of this research is
to build a predictive model of incidental information privacy that
could be used by a privacy management system to adapt which
traces of previous activity appear in a web browser to suit the
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current social context during periods of co-located collaboration.
The results of an online survey show that the predictive models
presented in the paper have potential to be used in an adaptive
privacy management system to provide the basis for filtering
traces of browsing activity. This then can potentially help to
support co-located collaboration by reducing privacy concerns.

Please note that three of the papers in this category could
potentially be also categorized as recommender systems. The
paper by Kane et al. (2012) could also be regarded as a
recommender system in a broad sense, but we decided against
categorizing it as such because the authors themselves do not
regard it as a recommender system and additionally the system
lacks the typical architecture and algorithms of recommender
systems. Likewise, Fujita et al. (2011) describe topic suggestions
that also bear resemblance to recommender systems but
are not reported as such and lack typical characteristics
of a recommender systems’ definition. Streibel and Alnemr
(2011)’s personalized breaking news network could also be
seen as a recommender system in principle but in addition
to our own characterization it is not identified as such by
the authors.

3.5.6. Web Search
Four of the papers fall under the category of web search. Han
et al. (2016) suggest using contextual information, such as own
and partner’s search history as well as explicit collaboration (e.g.,
chatting) to enrich collaborative information retrieval during
collaborations on the same search task. The authors also present
a user study with 54 participants that shows that the approach is
more effective compared to those that only consider individuals’
own search histories.

Nagpal et al. (2012) propose using chat data of social networks
to augment search indices for personalized web search based
on users’ unique background and interests. Their proposed
system lets users mine their own social chatter (e.g., email
messages and Twitter feeds) and extract people, pages, and sites
of potential interest, which can then be used to personalize
their web search results. The paper also presents a user study
to evaluate the approach. The authors show that their approach
using four types of search indices (i.e., a user’s personal email,
their Twitter feed, the topmost tweets in Twitter globally, and
pages that contain the names of the user’s friends) to augment the
results of a regular web search can lead to effective web search
personalization based on collaboration and conversation data.
We consider this as relevant because the potentially constant
stream of collaboration and conversation data can be used to
enrich the collaboration itself.

Anastasiu et al. (2011) present a framework and prototype for
a clustering approach of search results based on (collaborative)
user preferences edited in a shared Wiki interface. The authors
motivate their work through the superiority of clusters in search
result presentation over simple lists, where a lot of irrelevant
singular items have to be filtered out by users. They aimed
to improve the correctness and efficiency of their clustering
approach and in a user test evaluated the time users needed to
find a target result. According to their study, for the user effort,

the clustering conditions were by far superior to the ranked list,
and personalized clustering was best among them.

Teevan et al. (2009) suggest improving personalized web
search based on group information. They aim to personalize
web search based on a users’ group characteristics and coined
this process “groupize” instead of “personalize.” Furthermore,
they suggest combining information about group members and
identified two important factors in this regard: the longevity of
the group and how explicitly it was formed. The hypothesis is
that groupization leads to significant improvement in the results’
ranking at least in group-relevant queries, for example, during
collaborative search activities in work groups. Their analysis of
two different datasets containing user profile information and
users’ explicit relevance judgments of search results shows that
groupization performs particularly well for group-related queries
and task-based groups.

Concerning the papers in this section, collaborative
interaction can play an important role at several stages of
activities in personalized web search. It can be useful before
the actual activity, mainly delivering data for personalization
as in Teevan et al. (2009), Nagpal et al. (2012), and Han et al.
(2016); it can be applied during a joint collaborative web search
as again in Han et al. (2016), or finally afterwards as in Anastasiu
et al. (2011), where preferences are edited in a shared Wiki
interface both to help with search result organization and feed
back to search engine utility. Overall, the five papers in this
category show how aspects of both collaborative systems and
personalization contribute to PCS in web search.

3.5.7. Architectures and Frameworks
Three of the papers deal with architectures or frameworks.
Bouassida Rodriguez et al. (2009) describe a highly abstract and
generic architecture for the future development of collaborative
ubiquitous systems and consider adaptations based mainly on
context changes.

Wolfe et al. (2009) suggest a notation for the description
and a tool for the development of adaptive groupware systems,
aiming at making the development of such systems easier.
Their approach consists of letting users themselves model the
applications (user-centered), abstracting low-level details (e.g.,
data protocols and networking protocols), and giving high-
level support for run-time adaptations. We consider this a very
promising and relevant approach, given that the authors’ stated
aim is to decrease development efforts in the domain of PCS
(under the notion of “adaptive groupware systems”). To gather
more information about how this approach was received (and
maybe implemented), we retrieved two additional publications
by the same author(s) that were not part of our corpus. One is a
book chapter giving more detailed information and considering
an application area of collaborative augmented reality (see Wolfe
et al., 2010), and the other one which is also the most recent
publication is the dissertation by Wolfe (2011). However, both
are already dated now and no more recent accounts of the work
or other publications by Wolfe are available.

Sancho et al. (2008) describe an architecture (as work
in progress) for the development of adaptive collaborative
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applications in ubiquitous computing environments. The paper
proposes an ontology model containing generic collaboration
knowledge as well as domain-specific knowledge, in order to
enable architecture adaptation and to support spontaneous and
implicit sessions inside groups of humans and devices. The aim is
to define the adaptability of ubiquitous system architectures and
to define adaptation models. The events that trigger adaptation
actions are described as changes in the external context (e.g., user
preferences, user presence and position, changes in the priority of
communications) and execution context (e.g., battery level, CPU
load, or available memory of a device). The authors conclude
by suggesting a layered semantic-driven architecture providing
implicit session management and component deployment for
collaborative systems.

If we view the three papers in this category in the temporal
context (time span in which we found relevant papers, 2007–
2018), we see that the efforts for architectures and frameworks for
adaptive collaborative applications took place rather early (2008
and 2009). It is interesting to see that this important research
direction was not pursued with the same rigor since then, at least
according to our final corpus of papers.

3.5.8. Miscellaneous
The remaining two papers deal with topics that do not directly
fit into one of the categories above but nevertheless deal with
very important issues. Evans et al. (2016) discuss the automatic
detection of the quality of collaboration at the example of tabletop
interaction patterns. The reliable detection of problems or
breakdowns bears great potential for adapting the UI to alleviate
such situations on-the-fly, or give information for later analyses
of collaborative behavior. Together with the identification of
users on a tabletop, which is in the focus of Clayphan et al. (2013),
such efforts could lead to a personalization of collaborative
experiences on many UI types currently not able to identify
users out-of-the-box (i.e., who is the originator of interaction X),
among them virtually every of today’s touch screen interfaces.

3.6. Foundations of Adaptation and
Personalization
In this section, we analyze the basis for personalization,
answering the general “ToWhat?” question raised by Brusilovsky
(1998) and revisited by Knutov et al. (2009). We hereby refer to
and describe the kind of data the systems derive their adaptations
from or build their personalization upon. For instance, this can
be elaborated by answering more concrete questions like What
were the decision criteria for the different algorithms? or What
were the adaptations based on (e.g., based on past or current
interaction with a system)? Fink and Kobsa (2000) suggest three
different categories of data that can be used for adaptations: user
data, usage data, and environmental data (please note that in
the original text on p. 217 “environmental data” are depicted
as a subcategory of usage data, possibly only a mistake in the
presentation, although it is later applied as a separate category in
their review characterizations, for example, “Learn Sesame relies
on applications for collecting implicit and explicit user, usage,
and environmental data” on p. 232). This categorization is later

also used by Knutov et al. (2009) who state that user data “points
the way toward the adaptation goal,” describe usage data as “data
about the user interaction that still could be used to influence
the adaptation process,” and environment data as “all aspects of
the user’s environment that are not related to the UM or usage
process or behavior.”

We provide an overview of data categories (user data,
usage data, and environment data) that form the basis for
personalization in the papers of our final corpus inTable 2. Please
note that several approaches rely on more than one category
of data. In summary, 12 papers describe approaches that rely
on usage data, 12 collect and process user data, and six use
environment data. A relatively high number of 13 papers further
do not use any of these data categories (yet). For three of these
papers, this is due to the early stage of the presented work (using
one or several of the mentioned data categories is envisioned for
future applications of the described approaches). The remaining
ten papers that do not rely on any usage, user or environment
data either (i) describe human-driven personalization (see e.g.,
Fosh et al., 2014 or Roberts et al., 2014), (ii) do not yet
provide adaptations but plan this for the future (or provide an
infrastructure for doing so, without mentioning which kind of
data the approach should later rely on) (see e.g., von Zadow et al.,
2014 or Rinck and Hinze, 2011), or (iii) describe architectures or
implementations of components that might be used in adaptive
collaborative systems but have no relations with collecting and
processing user, usage or environment data (see e.g., Sancho et al.,
2008 or Clayphan et al., 2013).

3.7. Study Types
Reflecting the different paper types in our final corpus (i.e.,
Evaluation, System, Technique, Tool, and Ground Work, see
section 3.3) the majority of the papers contains some type of
empirical or analytical evaluation of a system, technique, or tool
or describes fieldwork for the establishment of ground work.

Only five papers do not involve such information, mostly
having done no empirical work or describing a user study in
another paper outside the scope of this SR.

Concerning the different study types that were covered in
the papers, we strongly relied on the authors’ self-reports. For
example, if the concrete method was a combination between
usability test and interviews, we used the more general terms user
study, experiment, or field experiment as it was reported in such
a paper. Our aim was to make this simplification for a greater
comparability of the studies and to answer the question if users
were involved or if the analysis was based on an existing dataset.

In the case that users were involved (and it was not exclusively
an online survey as in Herranz et al., 2013), we also categorized if
this was mainly done in a lab setting or in the field. Here, we see a
rather balanced picture with 14 lab studies and ten conducted in
the field.

Next, we assessed if an evaluation setting was a controlled one
or was rather naturalistic, according to the well-known tradeoff
between internal and external validity. Please find an illustrative
overview of this tradeoff we identified in our papers in Figure 5.
The tradeoff says in a nutshell, the more factors one controls,
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TABLE 2 | Overview of the “To What?” question, telling us what the systems adapt or personalize to.

References Data category Details

Hashavit et al. (2018) Usage data Behavior in group chat (Slack)

Liu et al. (2018) Usage data Prior authorship of literatures found in external dataset

Piumsomboon et al. (2018) Usage data Remote user’s gaze direction and body gestures

Sigitov et al. (2018) N/A (envisioned: usage data) N/A (envisioned: collaboration styles and transitions)

Blichmann and Meissner (2017) User data, usage data and environment

data

Predefined preferences, interaction with a system, contextual factors

Fraser et al. (2017) User data, environment data Skills of group members, dependencies between sub-tasks

Kremer-Davidson et al. (2017) Usage data Social network activities, for example, liking, mentioning, and connections

Nezhad et al. (2017) Usage data, user data (feedback could

be regarded as preference statements)

Initial training datasets based on e-mail messages, user feedback on missing or wrong

system assumptions

Tokuda et al. (2017) User data Preferences for personalized display regions

Evans et al. (2016) Usage data Touch patterns on a tabletop computer

Han et al. (2016) Usage data Own, collaboration partners’, and teams’ search or chat histories

Yan et al. (2016) User data and usage data Cross-network preferences are combined with observed behavior of target network

Octavia and Coninx (2015) Usage data Users’ performance and progress in a therapy game

Schuwerk et al. (2015) Environment data Communication delay in client-server application

Fosh et al. (2014) N/A Human-driven configuration of description of artifact, style of interaction, phrasing, and

music in museum visit

Roberts et al. (2014) N/A Human-driven profile creation, choice of colors

Schaub et al. (2014) User data and environment data Users’ preferences and detection of persons in proximity of the display

von Zadow et al. (2014) N/A Provides infrastructure for future personalized interaction

Clayphan et al. (2013) N/A Provides an approach for vision-based user identification on tabletop computers for future

adaptations

Herranz et al. (2013) N/A Future support for adaptive messages in emergency management is discussed

Ioannis et al. (2013) User data Learners’ domain knowledge and communication skills

Kane et al. (2012) User data and environment data Conversation partner and location are considered (Wizard of Oz) to suggest words for

aphasia patients

Nagpal et al. (2012) Usage data Social data (e.g., links and names) from email and Twitter feeds

van Dijk et al. (2012) N/A Human-driven personalization of museum quests for groups on children based on their

thematic interests

Anastasiu et al. (2011) User data and usage data Personal and aggregated preferences, social tagging

Feld and Müller (2011) N/A (envisioned: user data and usage

data)

They envision preferences (that pertain to user data) and interactions (that pertain to usage

data)

Fujita et al. (2011) User data and environment data Preferences for interest in conversation topics and sensor measurements of position of

participants

Rinck and Hinze (2011) N/A Paper-based prototype about personalized view on documents in a personal group

workspace

Streibel and Alnemr (2011) Usage data Content of Twitter and Facebook messages (both trend mining and reputation approaches)

Bouassida Rodriguez et al. (2009) N/A Adaptations based on context changes are envisioned

Caporusso (2009) User data User model considers personality traits

Teevan et al. (2009) User data and usage data Information about group members and their relevance judgments of items

Wolfe et al. (2009) N/A Framework for the implementation of adaptive groupware systems

Hawkey (2008) N/A (envisioned: usage data and

environmental data)

Previous activity in a web browser and users’ current social context in co-located

collaboration

Sancho et al. (2008) N/A Architecture for collaborative ubiquitous systems

Li et al. (2007) Usage data Interactions with a activity-centric collaboration environment (e.g., recency or frequency of

updates to activity)

the higher the internal validity of an experiment (giving one the
ability “to draw confident conclusions about cause and effects,”
see Gomm, 2008), but the less natural people as participants will
behave in such situations leading to decreased external validity
(meaning to what extent the experiment gives evidence about
the “world outside”). Two researchers rated the study designs

on a 7-point Likert scale (with 0.5 steps as minimum interval)
within the two end-point options controlled (1) and naturalistic
(7). In such cases where ratings differed, they discussed their
assessment until a consensus was reached. Overall, all types
of evaluations in this regard can be found among the papers,
from strictly controlled ones, such as Wolfe et al. (2009) who
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FIGURE 5 | Overview of the tradeoff between internal and external validity resulting from controlled (1) vs. naturalistic (7) study designs.

presumably evaluated one pair of users with strict tasks (i.e.,
person A manipulating 20 given pieces of virtual furniture on
a tabletop computer, while person B viewing the changes on a
PC) and measured the performance of the architecture, up to the
naturalistic deployment of a tabletop computer in a classroom
with flexible software that could be used alongside other activities
and materials as described by Evans et al. (2016), which we
regarded as most naturalistic in this context.

Finally, we coded if the study was more of a qualitative (QL)
or quantitative (QN) nature, or if it was a mixed methods (MM)
approach, incorporating both aspects.We see a dominance of QN
approaches with 18 studies involving QN approaches, while only
three studies focused on a QL approach. However, some of the
studies with a MM (10 in total) approach prioritized QL.

For an overview of the different study types, see Table 3.

4. TAXONOMY OF PERSONALIZED
COLLABORATIVE SYSTEMS

The two main aspects of this SR are collaborative systems, on
the one hand, and personalization, on the other hand. In this
section, we present a taxonomy (see Figure 6) describing the
main points concerning both fields (collaborative systems and
personalization) for each paper in our final corpus. We aim
at giving a concise overview and brief summary of the papers
that were discussed in more detail in section 3.5 and presented
throughout this article concerning these two main aspects.

On the top level, the taxonomy distinguishes between
collaboration scenarios of (i) co-located and (ii) remote
collaboration according to a prominent way of framing the
nature of collaboration (as an early discussion by Johansen,

1988 shows, see section 1.1). Apart from typically being studied
separately, this differentiation of being co-located or remote
has a great influence on the collaborators’ interaction behavior,
cognitive, and psychological factors (e.g., group dynamics) as
well as on the tools and devices they usually employ, further
leading to potentially different personalization and adaptation
mechanisms. The decision for investigating the nature of the
collaboration scenario not only in regard to co-located vs. remote
but also in regard to themore recent form of hybrid collaboration
(in the right-hand side segment of the taxonomy devoted to
Remote & Hybrid Collaboration) was a deliberate one, because
hybrid collaboration is very prevalent according toNeumayr et al.
(2018) and has some special features to it that make a closer look
worthwhile. However, none of the selected publications states
explicitly that hybrid collaboration was studied, which might be
owing to the fact that the concept was first described in 2018.
Also, no mentions of partially distributed teams engaging in
the collaborations were found. Interestingly, some of the papers
present frameworks or ontologies (e.g., Sancho et al., 2008) that
would implicitly allow for the creation of systems that support
hybrid collaboration. Because it is too farfetched to interpret
a “hybrid collaboration fitness” for all papers, we abstained
from doing so, although we initially hoped for some insights in
this regard.

Below this top level, the taxonomy has a flat hierarchy
treating all items equitably. Alongside the author(s) and
year of publication, one can find information about (i) the
types of adaptation or personalization discussed, and (ii) the
collaboration support mechanisms presented or collaboration
tools used in the papers. The papers are sorted chronologically
descending regarding the publication years (i.e., most recent is on
the top) and alphabetically ascending regarding the first author’s
last name within the years.

Frontiers in Computer Science | www.frontiersin.org 17 November 2020 | Volume 2 | Article 562679

https://www.frontiersin.org/journals/computer-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/computer-science#articles


Neumayr and Augstein A Systematic Review of Personalized Collaborative Systems

TABLE 3 | Overview of study types.

References Study type Field/Lab QL, QN, MM

Hashavit et al. (2018) Analysis of existing dataset – QN

Liu et al. (2018) Analysis of existing dataset – QN

Piumsomboon et al. (2018) User study Lab MM

Sigitov et al. (2018) User study Lab MM (focus on QL)

Blichmann and Meissner (2017) User study described elsewhere – –

Fraser et al. (2017) User study Lab MM

Kremer-Davidson et al. (2017) User study Field MM

Nezhad et al. (2017) (1) Preparatory user study, (2) Analysis of existing

dataset, (3) Pilot user study

(1) No details given, (2) –, (3) Field (1) No details given, (2), – (3) QN

Tokuda et al. (2017) Technical evaluation – QN

Evans et al. (2016) User study Field QN

Han et al. (2016) User study Lab QN

Yan et al. (2016) Analysis of existing dataset – QN

Octavia and Coninx (2015) User study Lab MM

Schuwerk et al. (2015) User study (additional simulated users) Lab MM

Fosh et al. (2014) Exploratory study Field QL

Roberts et al. (2014) Investigation Field QN

Schaub et al. (2014) Field study Field QL

von Zadow et al. (2014) User study Lab MM (focus on QL)

Clayphan et al. (2013) User study Lab QN

Herranz et al. (2013) Survey – QN

Ioannis et al. (2013) No empirical work – –

Kane et al. (2012) Participatory design Field QL

Nagpal et al. (2012) User study Lab MM

van Dijk et al. (2012) Experiment Field QN

Anastasiu et al. (2011) (1) Analysis of existing dataset, (2) User study (1) –, (2) Lab QN

Feld and Müller (2011) No empirical work – –

Fujita et al. (2011) User study Lab QN

Rinck and Hinze (2011) User study Lab MM

Streibel and Alnemr (2011) Analysis of existing dataset(s) – MM

Bouassida Rodriguez et al. (2009) No empirical work – –

Caporusso (2009) Experiment Lab QN

Teevan et al. (2009) Data collection for quantitative analysis Field QN

Wolfe et al. (2009) Technical experiment Lab QN

Hawkey (2008) User study (online survey) described elsewhere – –

Sancho et al. (2008) No empirical work – –

Li et al. (2007) Experiment Field QN

Overall, 15 papers belong to the co-located section of
the taxonomy and 21 papers to the remote (and potentially
hybrid) section, showing that both collaboration scenarios
have a substantial standing in the area of personalized
collaborative systems.

5. DISCUSSION AND CONCLUSIONS

In this article, we presented and discussed a systematic literature
review on work related to PCS in the ACM DL. A priori, we,
besides providing an overview of existing work on PCS, expected
to be able to answer our concrete sub-questions as listed in
section 2.1.1: (i) find out whether research on PCS according

to our definition exists at all (see RQ1), (ii) identify domains
relevant for PCS (see RQ2), (iii) identify ways in which work
on PCS is presented (see RQ3), (iv) describe the chronological
evolvement of research on PCS (see RQ4), (v) find out whether
there is a historical shift in human-centeredness (see RQ5), and
(vi) identify a way to cluster PCS thematically (see RQ6). Further,
we wanted to analyze the scope and reach of related approaches
as well as the nature of publications and reported studies.

We were able to answer all these questions, mainly as
discussed in sections 3.2 (scope and reach, and chronological
evolvement), 3.3 (type and nature of publications, and shift
toward human-centered work), 3.4 and 3.5 (domains and
research directions, and thematic clusters), and 3.7 (study types).
In addition, we discussed the data the selected PCS approaches
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FIGURE 6 | The taxonomy of personalized collaborative systems.

rely on (see section 3.6) and introduced a taxonomy classifying
the selected publications along the space-axis of the popular
time space matrix (Johansen, 1988) and identifying relevant
collaboration- and personalization-related details (see section 4).

In the following, we discuss potential impact and limitations
of our SR presented in this article.

Our systematic search in the ACM DL yielded 36 relevant
results related to PCS. This seems to be a relatively low number
that might potentially be attributed to the search query used.
However, it was an intentional decision to, on the one hand,
include the search terms most descriptive for PCS (and their
synonyms) according to our definition but, on the other hand, be
sufficiently restrictive to avoid an disproportionate high number
of “false positives,” that is, papers that would have been returned
by the search, although not relevant for our research questions.
We experimented with different variants of the query before
we actually conducted the review and ended up with several
thousands of search results most of which were not relevant
according to a random sample drawn from the result set. Even
with the comparatively more restrictive query we adopted in

the end, we still retrieved a result set containing almost 90%
false positives. Thus, we can draw the conclusion that the 36
papers that ended up in our final corpus of papers are actually
representative for the state of the art on PCS, although we
acknowledge that we might not have captured all single relevant
results. This is however in line with our research questions as
re-listed above. Our final set of results allowed us to answer
these questions.

The comparatively low number of results in the ACM DL
together with other observations related to the a priori aims
mentioned above suggests that PCS constitute a relatively young
research field (the first relevant paper we retrieved is from 2007,
although the query returned a number of results from the years
of 1997–2006, which were classified as not relevant according to
our criteria). The selected papers in our final corpus are relatively
widespread over different conferences (and only two journals) of
which only 13 papers are from recurring venues (among them
CHI with four papers, UMAP with three, and CSCW with two
papers). We initially expected a much higher number of relevant
results from specifically the three conferences just mentioned
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but also major HCI journals, such as ACM Transactions on
Computer-Human Interaction (TOCHI). This suggests that PCS
are not firmly rooted in a certain research community (yet) but
rather are a field generally interesting to different disciplines and
communities. The impact of the selected papers however seems to
be limited—only a few papers in our corpus have more than 20
citations in the ACM DL or on Google Scholar, five even have
zero citations (until now). The work around PCS does not seem to
be particularly active as we identified only a few relevant papers
per year (between 0 and 5).

Considering our decision to query exclusively the ACM DL
that might constitute or be considered a potential limitation
related to the scope of our findings, we first suggest that
the ACM DL is arguably the broadest available data source
among the libraries including only refereed publications, not
necessarily in terms of quantity but in terms of quality in
combination with scope (i.e., the covered spectrum of relevant
domains). Second, we expect that while there might exist
further work on PCS, which is not covered by our SR, our
general findings related to relevant domains, types of publication,
activity around research on PCS, and the historical evolvement
should be relatively consistent across different data sources (e.g.,
the IEEE Xplore or Springerlink). We also performed (non-
exhaustive) exemplary queries to different other data sources
a priori (during our data source selection process) and a
posteriori (i.e., after our SR), which suggest this observation.
For instance, we scanned all 699 results returned by an
identical query on the IEEE Xplore from before 2007 (i.e., the
publication year of the first relevant publication identified by
our SR) and found only about 10 of them to be potentially
relevant (none of them was very obviously relevant, and at
least six were definitely not relevant after a closer look at the
abstracts). The remaining four, potentially relevant papers were
all from the mid-2000s (i.e., an identical time span compared
to our ACM DL results), and from domains also included in
our review.

Another potential limitation could lie in the applied search
strategy based on keywords connected with logical operators.
This is however a common practice for SRs in our domain (see
e.g., Nunes and Jannach, 2017; Brudy et al., 2019), and also

recommended by the popular guidelines of Kitchenham and
Charters (2007). Yet, it is possible that work not containing any

of our keywords but semantically similar ones has not been found
by the applied query. This potential limitation should, however,
not have a major effect on any of the answers to the research
questions posed in section 2.1.1.

In summary, the described observations and findings
lead us to the conclusion that the field around PCS is
probably still under-researched and might thus bare much
untapped potential. For instance, we consider its capability
to connect rather technically oriented research (e.g., on
recommendation algorithms, machine learning, or UM) to
strongly human-centered research (e.g., on HCI, human–
human, or human–machine collaboration or even sociology or
psychology) particularly promising, especially in light of the
global trend toward human-centered design and development,
human-centered computing, and human-in-the-loop approaches
crisscross across different fields of application. Besides the
overview on existing work it provides, we also consider this
review a starting point for new research because it may not only
help to identify research gaps in certain domains of interest but
also reveal additional target domains or application fields.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author/s.

AUTHOR CONTRIBUTIONS

TN: first pass of data analysis, 50% of paper review, 60% of
writing, and 50% of revision for this version. MA: 50% of
paper review, 40% of writing, and 50% of revision for this
version. All authors contributed to the article and approved the
submitted version.

FUNDING

The research reported in this article was conducted within CoPI
(Collaborative Personalized Interaction), an internal project
funded by the University of Applied Sciences Upper Austria. The
project did not receive any further funding by external funding
agencies.

REFERENCES

Anastasiu, D. C., Gao, B. J., and Buttler, D. (2011). “A framework

for personalized and collaborative clustering of search results,” in

Proceedings of the 20th ACM International Conference on Information

and Knowledge Management, CIKM’11 (Glasgow; New York, NY:

Association for Computing Machinery), 573–582. doi: 10.1145/2063576.2

063662

Augstein, M., Herder, E., andWörndl, W. (2019). Personalized Human-Computer

Interaction. Berlin: Walter de Gruyter GmbH & Co KG.

Augstein, M., and Neumayr, T. (2019). “Automated personalization of input

methods and processes,” in Personalized Human-Computer Interaction, eds M.

Augstein, E. Herder, and W. Wörndl (Berlin: Walter de Gruyter GmbH & Co

KG), 67–103. doi: 10.1515/9783110552485-003

Bartholomew,M. (2002). James Lind’s Treatise of the Scurvy (1753). Postgrad.Med.

J. 78, 695–696. doi: 10.1136/pmj.78.925.695

Biswas, P., and Langdon, P. (2012). Developing multimodal adaptation algorithm

for mobility impaired users by evaluating their hand strength. Int. J. Hum.

Comput. Interact. 28, 576–596. doi: 10.1080/10447318.2011.636294

Blichmann, G., and Meissner, K. (2017). “Customizing workspace awareness

by non-programmers,” in Proceedings of the ACM SIGCHI Symposium

on Engineering Interactive Computing Systems, EICS’17 (Lisbon;

New York, NY: Association for Computing Machinery), 123–128.

doi: 10.1145/3102113.3102148

Blichmann, G., Radeck, C., Hahn, S., and Meißner, K. (2015). “Component-based

workspace awareness support for composite web applications,” in Proceedings

of the 17th International Conference on Information Integration and Web-based

Applications & Services (Brussels), 1–10. doi: 10.1145/2837185.2837219

Frontiers in Computer Science | www.frontiersin.org 20 November 2020 | Volume 2 | Article 562679

https://doi.org/10.1145/2063576.2063662
https://doi.org/10.1515/9783110552485-003
https://doi.org/10.1136/pmj.78.925.695
https://doi.org/10.1080/10447318.2011.636294
https://doi.org/10.1145/3102113.3102148
https://doi.org/10.1145/2837185.2837219
https://www.frontiersin.org/journals/computer-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/computer-science#articles


Neumayr and Augstein A Systematic Review of Personalized Collaborative Systems

Bogdanov, D., et al. (2013). From music similarity to music recommendation:

computational approaches based on audio features and metadata (Ph.D. thesis),

Universitat Pompeu Fabra, Barcelona, Spain.

Bouassida Rodriguez, I., Sancho, G., Villemur, T., Tazi, S., and Drira, K.

(2009). “A model-driven adaptive approach for collaborative ubiquitous

systems,” in Proceedings of the 3rd Workshop on Agent-Oriented Software

Engineering Challenges for Ubiquitous and Pervasive Computing, AUPC 09

(London; New York, NY: Association for Computing Machinery), 15–20.

doi: 10.1145/1568181.1568187

Brudy, F., Holz, C., Rädle, R., Wu, C.-J., Houben, S., Klokmose, C. N., et

al. (2019). “Cross-device taxonomy: survey, opportunities and challenges of

interactions spanning across multiple devices,” in Proceedings of the 2019

CHI Conference on Human Factors in Computing Systems (Glasgow), 1–28.

doi: 10.1145/3290605.3300792

Brusilovsky, P. (1998). “Methods and techniques of adaptive hypermedia,” in

Adaptive Hypertext and Hypermedia, eds P. Brusilovsky, A. Kobsa, and J.

Vassileva (Dordrecht: Springer), 1–43. doi: 10.1007/978-94-017-0617-9_1

Brusilovsky, P., and Henze, N. (2007). “Open corpus adaptive educational

hypermedia,” in The Adaptive Web, eds P. Brusilovsky, A. Kobsa, and W. Nejdl

(Berlin; Heidelberg: Springer), 671–696. doi: 10.1007/978-3-540-72079-9_22

Buisine, S., Besacier, G., Aoussat, A., and Vernier, F. (2012). How do interactive

tabletop systems influence collaboration? Comput. Hum. Behav. 28, 49–59.

doi: 10.1016/j.chb.2011.08.010

Caporusso, N. (2009). “Personality-aware interfaces for learning applications,”

in Proceedings of the 37th Annual ACM SIGUCCS Fall Conference:

Communication and Collaboration, SIGUCCS’09 (St. Louis, MO;

New York, NY: Association for Computing Machinery), 189–196.

doi: 10.1145/1629501.1629536

Clayphan, A., Martinez-Maldonado, R., Ackad, C., and Kay, J. (2013). “An

approach for designing and evaluating a plug-in vision-based tabletop touch

identification system,” in. Proceedings of the 25th Australian Computer-Human

Interaction Conference: Augmentation, Application, Innovation, Collaboration,

OzCHI’13 (Adelaide, SA; New York, NY: Association for Computing

Machinery), 373–382. doi: 10.1145/2541016.2541019

De Bra, P., Smits, D., Van Der Sluijs, K., Cristea, A. I., Foss, J., Glahn, C.,

et al. (2013). “Grapple: learning management systems meet adaptive

learning environments,” in Intelligent and Adaptive Educational-Learning

Systems, ed A. Peña-Ayala (Berlin; Heidelberg: Springer), 133–160.

doi: 10.1007/978-3-642-30171-1_6

Denning, P. J., and Yaholkovsky, P. (2008). Getting to “we”. Commun. ACM 51,

19–24. doi: 10.1145/1330311.1330316

Egelman, S., Brush, A. B., and Inkpen, K. M. (2008). “Family accounts: a new

paradigm for user accounts within the home environment,” in Proceedings

of the 2008 ACM Conference on Computer Supported Cooperative Work,

CSCW’08 (New York, NY: Association for Computing Machinery), 669–678.

doi: 10.1145/1460563.1460666

Evans, A. C., Wobbrock, J. O., and Davis, K. (2016). “Modeling collaboration

patterns on an interactive tabletop in a classroom settin,” in Proceedings of

the 19th ACM Conference on Computer-Supported Cooperative Work & Social

Computing, CSCW’16 (San Francisco, CA; New York, NY: Association for

Computing Machinery), 860–871. doi: 10.1145/2818048.2819972

Feld, M., and Müller, C. (2011). “The automotive ontology: managing knowledge

inside the vehicle and sharing it between cars,” in Proceedings of the

3rd International Conference on Automotive User Interfaces and Interactive

Vehicular Applications, AutomotiveUI’11 (Salzburg; New York, NY: Association

for Computing Machinery), 79–86. doi: 10.1145/2381416.2381429

Fink, J., and Kobsa, A. (2000). A review and analysis of commercial user modeling

servers for personalization on the world wide web. User Model. User Adapt.

Interact. 10, 209–249. doi: 10.1023/A:1026597308943

Fletcher, J., Tobias, S., and Wisher, R. A. (2007). Learning anytime, anywhere:

advanced distributed learning and the changing face of education. Educ. Res.

36, 96–102. doi: 10.3102/0013189X07300034

Fosh, L., Benford, S., Reeves, S., and Koleva, B. (2014). “Gifting personal

interpretations in galleries,” in Proceedings of the SIGCHI Conference

on Human Factors in Computing Systems, CHI’14 (Toronto, ON;

New York, NY: Association for Computing Machinery), 625–634.

doi: 10.1145/2556288.2557259

Fraser, C. A., Grossman, T., and Fitzmaurice, G. (2017). “WeBuild: automatically

distributing assembly tasks among collocated workers to improve

coordination,” in Proceedings of the 2017 CHI Conference on Human Factors

in Computing Systems, CHI’17 (Denver, CO; New York, NY: Association for

Computing Machinery), 1817–1830. doi: 10.1145/3025453.3026036

Fujita, K., Itoh, Y., Ohsaki, H., Ono, N., Kagawa, K., Takashima, K., et al. (2011).

“Ambient suite: enhancing communication among multiple participants,” in

Proceedings of the 8th International Conference on Advances in Computer

Entertainment Technology, ACE’11 (Lisbon; New York, NY: Association for

Computing Machinery). doi: 10.1145/2071423.2071454

Gajos, K. Z., Wobbrock, J. O., and Weld, D. S. (2007). “Automatically generating

user interfaces adapted to users’ motor and vision capabilities,” in Proceedings of

UIST 2007 (Newport, RI: ACM Press), 231–240. doi: 10.1145/1294211.1294253

Gomez-Uribe, C. A., and Hunt, N. (2015). The netflix recommender system:

algorithms, business value, and innovation. ACM Trans. Manag. Inform. Syst.

6, 1–19. doi: 10.1145/2843948

Gómez-Zará, D., Paras, M., Twyman, M., Lane, J., DeChurch, L., and Contractor,

N. (2019). “Who would you like to work with? Use of individual characteristics

and social networks in team formation systems,” in Proceedings of the

2019 CHI Conference on Human Factors in Computing Systems (Glasgow).

doi: 10.1145/3290605.3300889

Gomm, R. (2008). Social Research Methodology: A Critical Introduction. London:

Macmillan International Higher Education.

Han, S., He, D., Yue, Z., and Jiang, J. (2016). “Contextual support for

collaborative information retrieval,” in Proceedings of the 2016 ACM on

Conference on Human Information Interaction and Retrieval, CHIIR’16

(Carrboro, NC; New York, NY: Association for Computing Machinery), 33–42.

doi: 10.1145/2854946.2854963

Harper, F. M., Xu, F., Kaur, H., Condiff, K., Chang, S., and Terveen, L. (2015).

“Putting users in control of their recommendations,” in Proceedings of the 9th

ACM Conference on Recommender Systems, RecSys’15 (Vienna; New York, NY:

Association for Computing Machinery), 3–10. doi: 10.1145/2792838.2800179

Hashavit, A., Tepper, N., Ronen, I., Leiba, L., and Cohen, A. D. (2018).

“Implicit user modeling in group chat,.” In Adjunct Publication of the 26th

Conference on User Modeling, Adaptation and Personalization, UMAP’18

(Singapore; New York, NY: Association for Computing Machinery), 275–280.

doi: 10.1145/3213586.3225236

Hawkey, K. (2008). “Exploring a human centered approach to managing

visual privacy concerns during collaboration,” in Proceedings of the 3rd

ACM International Workshop on Human-Centered Computing, HCC’08

(Vancouver, BC; New York, NY: Association for Computing Machinery),

69–76. doi: 10.1145/1462027.1462038

Herranz, S., Díaz, P., Díez, D., and Aedo, I. (2013). “Studying social technologies

and communities of volunteers in emergency management,” in Proceedings of

the 6th International Conference on Communities and Technologies, C&T’13

(Munich; New York, NY: Association for Computing Machinery), 140–148.

doi: 10.1145/2482991.2483009

Horwitz, S., and Horwitz, I. (2007). The effects of team diversity on team

outcomes: a meta-analytic review of team demography. J. Manag. 33, 987–1015.

doi: 10.1177/0149206307308587

Ioannis, M., Stavros, D., and Yannis, D. (2013). “Flexible tools for online

collaborative learning: integration of adaptation patterns functionality in

the WebCollage tool,” in Proceedings of the 17th Panhellenic Conference on

Informatics, PCI’13 (Thessaloniki; New York, NY: Association for Computing

Machinery), 114–121. doi: 10.1145/2491845.2491858

Johansen, R. (1988). Groupware: Computer Support for Business Teams. New York,

NY: The Free Press.

Kane, S. K., Linam-Church, B., Althoff, K., and McCall, D. (2012). “What we

talk about: designing a context-aware communication tool for people with

aphasia,” in Proceedings of the 14th International ACM SIGACCESS Conference

on Computers and Accessibility, ASSETS’12 (Boulder, CO; New York, NY:

Association for Computing Machinery), 49–56. doi: 10.1145/2384916.2384926

Kim, Y. J., Engel, D., Woolley, A. W., Lin, J. Y.-T., McArthur, N., and Malone,

T. W. (2017). “What makes a team strong? Using collective intelligence to

predict team performance in league of legends,” in Proceedings of the 2017 ACM

Conference on Computer Supported Cooperative Work and Social Computing

(Portland, OR). doi: 10.1145/2998181.2998185

Frontiers in Computer Science | www.frontiersin.org 21 November 2020 | Volume 2 | Article 562679

https://doi.org/10.1145/1568181.1568187
https://doi.org/10.1145/3290605.3300792
https://doi.org/10.1007/978-94-017-0617-9_1
https://doi.org/10.1007/978-3-540-72079-9_22
https://doi.org/10.1016/j.chb.2011.08.010
https://doi.org/10.1145/1629501.1629536
https://doi.org/10.1145/2541016.2541019
https://doi.org/10.1007/978-3-642-30171-1_6
https://doi.org/10.1145/1330311.1330316
https://doi.org/10.1145/1460563.1460666
https://doi.org/10.1145/2818048.2819972
https://doi.org/10.1145/2381416.2381429
https://doi.org/10.1023/A:1026597308943
https://doi.org/10.3102/0013189X07300034
https://doi.org/10.1145/2556288.2557259
https://doi.org/10.1145/3025453.3026036
https://doi.org/10.1145/2071423.2071454
https://doi.org/10.1145/1294211.1294253
https://doi.org/10.1145/2843948
https://doi.org/10.1145/3290605.3300889
https://doi.org/10.1145/2854946.2854963
https://doi.org/10.1145/2792838.2800179
https://doi.org/10.1145/3213586.3225236
https://doi.org/10.1145/1462027.1462038
https://doi.org/10.1145/2482991.2483009
https://doi.org/10.1177/0149206307308587
https://doi.org/10.1145/2491845.2491858
https://doi.org/10.1145/2384916.2384926
https://doi.org/10.1145/2998181.2998185
https://www.frontiersin.org/journals/computer-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/computer-science#articles


Neumayr and Augstein A Systematic Review of Personalized Collaborative Systems

Kitchenham, B., and Brereton, P. (2013). A systematic review of systematic

review process research in software engineering. Inform. Softw. Technol. 55,

2049–2075. doi: 10.1016/j.infsof.2013.07.010

Kitchenham, B. A., and Charters, S. (2007). Guidelines for performing systematic

literature reviews in software engineering. Technical report, Keele University,

University of Durham.

Knutov, E., De Bra, P., and Pechenizkiy, M. (2009). Ah 12 years later: a

comprehensive survey of adaptive hypermedia methods and techniques. New

Rev. Hypermed. Multimed. 15, 5–38. doi: 10.1080/13614560902801608

Kremer-Davidson, S., Ronen, I., Kaplan, A., and Barnea, M. (2017).

“Personal social dashboard”: a tool for measuring your social engagement

effectiveness in the enterprise,” in Proceedings of the 25th Conference on

User Modeling, Adaptation and Personalization, UMAP’17 (Bratislava;

New York, NY: Association for Computing Machinery), 122–130.

doi: 10.1145/3079628.3079664

Li, L., Muller, M. J., Geyer, W., Dugan, C., Brownholtz, B., and Millen,

D. R. (2007). “Predicting individual priorities of shared activities using

support vector machines,” in Proceedings of the Sixteenth ACM Conference

on Conference on Information and Knowledge Management, CIKM’07

(Lisbon; New York, NY: Association for Computing Machinery), 515–524.

doi: 10.1145/1321440.1321513

Liu, Z., Xie, X., and Chen, L. (2018). “Context-aware academic collaborator

recommendation,” in Proceedings of the 24th ACM SIGKDD International

Conference on Knowledge Discovery & Data Mining, KDD’18 (London;

New York, NY: Association for Computing Machinery), 1870–1879.

doi: 10.1145/3219819.3220050

London, S. (1995). Collaboration and community. Richmond, VA: Pew Partnership

for Civic Change, University of Richmond.

López, G., and Guerrero, L. A. (2017). “Awareness supporting technologies used in

collaborative systems-a systematic lietrature review,” in Proceedings of the ACM

International Conference on Computer-Supported Cooperative Work (CSCW)

(Portland, OR). doi: 10.1145/2998181.2998281

Lykourentzou, I., Antoniou, A., Naudet, Y., and Dow, S. P. (2016). “Personality

matters: balancing for personality types leads to better outcomes for

crowd teams,” in Proceedings of the 19th ACM Conference on Computer-

Supported Cooperative Work & Social Computing (San Francisco, CA).

doi: 10.1145/2818048.2819979

Miller, B. N., Albert, I., Lam, S. K., Konstan, J. A., and Riedl, J. (2003).

“Movielens unplugged: experiences with an occasionally connected

recommender system,” in Proceedings of the 8th International Conference

on Intelligent User Interfaces (Miami, FL), 263–266. doi: 10.1145/604045.

604094

Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., and Group, T.

P. (2009). Preferred reporting items for systematic reviews and

meta-analyses: the PRISMA statement. PLoS Med. 6:e1000097.

doi: 10.1371/journal.pmed.1000097

Nagpal, A., Hangal, S., Joyee, R. R., and Lam, M. S. (2012). “Friends, Romans,

countrymen: lend me your URLs. Using social chatter to personalize

web search,” in Proceedings of the ACM 2012 Conference on Computer

Supported Cooperative Work, CSCW’12 (Seattle, WA; New York, NY:

Association for Computing Machinery), 461–470. doi: 10.1145/2145204.

2145276

Neumayr, T., Jetter, H.-C., Augstein,M., Friedl, J., and Luger, T. (2018). “Domino: a

descriptive framework for hybrid collaboration and coupling styles in partially

distributed teams,” in Proceedings of the ACM on Human-Computer Interaction

(New York, NY), 1–24. doi: 10.1145/3274397

Nezhad, H. R. M., Gunaratna, K., and Cappi, J. (2017). “EAssistant: cognitive

assistance for identification and auto-triage of actionable conversations,”

in Proceedings of the 26th International Conference on World Wide

Web Companion, WWW’17 Companion (Perth, WA; Geneva: CHE;

International World Wide Web Conferences Steering Committee), 89–98.

doi: 10.1145/3041021.3054147

Ng, Y.-K., and Pera, M. S. (2018). “Recommending social-interactive games

for adults with autism spectrum disorders (ASD),” in Proceedings of the

12th ACM Conference on Recommender Systems, RecSys’18 (Vancouver,

BC; New York, NY: Association for Computing Machinery), 209–213.

doi: 10.1145/3240323.3240405

Norris, W., Voida, A., Palen, L., and Voida, S. (2019). “Is the time right

now?”: Reconciling sociotemporal disorder in distributed team work,” in

Proceedings of the ACM on Human-Computer Interaction (New York, NY),

doi: 10.1145/3359200

Nunes, I., and Jannach, D. (2017). A systematic review and taxonomy

of explanations in decision support and recommender systems. User

Model. User Adapt. Interact. 27, 393–444. doi: 10.1007/s11257-017-

9195-0

Octavia, J. R., and Coninx, K. (2015). “Supporting social and adaptive interaction

in collaborative rehabilitation training,” in Proceedings of the International

HCI and UX Conference in Indonesia, CHIuXiD’15 (Bandung; New York, NY:

Association for Computing Machinery), 38–46. doi: 10.1145/2742032.2742038

Oppermann, R., and Rasher, R. (1997). Adaptability and adaptivity in learning

systems. Knowl. Transf. 2, 173–179.

Paraschakis, D., Nilsson, B. J., and Holländer, J. (2015). “Comparative evaluation of

top-n recommenders in e-commerce: an industrial perspective,” in 2015 IEEE

14th International Conference on Machine Learning and Applications (ICMLA)

(IEEE), 1024–1031. doi: 10.1109/ICMLA.2015.183

Park, S., Gebhart, C., Feit, A. M., Vrzakova, H., Dayama, N. R., Yeo, H.-S., et al.

(2018). “Adam: adapting multi-user interfaces for collaborative environments

in real-time,” in Proceedings of the 2018 ACM SIGCHI Conference (CHI).

doi: 10.1145/3173574.3173758

Peissner, M., Häbe, D., Janssen, D., and Sellner, T. (2012). “Myui: generating

accessible user interfaces from multimodal design patterns,” in Proceedings of

the 4th ACM SIGCHI Symposium on Engineering Interactive Computing Systems

(Copenhagen), 81–90. doi: 10.1145/2305484.2305500

Piumsomboon, T., Lee, G. A., Hart, J. D., Ens, B., Lindeman, R. W., Thomas,

B. H., et al. (2018). “Mini-Me: an adaptive avatar for mixed reality remote

collaboration,” in Proceedings of the 2018 CHI Conference on Human Factors

in Computing Systems, CHI’18 (Montreal QC; New York, NY: Association for

Computing Machinery). doi: 10.1145/3173574.3173620

Rinck, M., and Hinze, A. (2011). “Views on information objects: an exploratory

user study,” in Proceedings of the 12th Annual Conference of the New Zealand

Chapter of the ACM Special Interest Group on Computer-Human Interaction,

CHINZ’11 (Hamilton; New York, NY: Association for Computing Machinery),

49–56. doi: 10.1145/2000756.2000763

Roberts, J., Lyons, L., Cafaro, F., and Eydt, R. (2014). “Interpreting data

from within: supporting humandata interaction in museum exhibits through

perspective taking,” in Proceedings of the 2014 Conference on Interaction Design

and Children, IDC’14 (Aarhus; New York, NY: Association for Computing

Machinery), 7–16. doi: 10.1145/2593968.2593974

Rogers, Y., and Lindley, S. (2004). Collaborating around vertical and horizontal

large interactive displays: which way is best? Interact. Comput. 16, 1133–1152.

doi: 10.1016/j.intcom.2004.07.008

Sancho, G., Tazi, S., and Villemur, T. (2008). “A semantic-driven auto-adaptive

architecture for collaborative ubiquitous systems,” in Proceedings of the 5th

International Conference on Soft Computing as Transdisciplinary Science

and Technology, CSTST’08 (Cergy-Pontoise; New York, NY: Association for

Computing Machinery), 650–655. doi: 10.1145/1456223.1456354

Schafer, J. B., Konstan, J. A., and Riedl, J. (2001). E-commerce

recommendation applications. Data Mining Knowl. Discov. 5, 115–153.

doi: 10.1023/A:1009804230409

Schaub, F., Könings, B., Lang, P., Wiedersheim, B., Winkler, C., and Weber, M.

(2014). “PriCal: context-adaptive privacy in ambient calendar displays,” in

Proceedings of the 2014 ACM International Joint Conference on Pervasive and

Ubiquitous Computing, UbiComp’14 (Seattle, WA; New York, NY: Association

for Computing Machinery), 499–510. doi: 10.1145/2632048.2632087

Schedl, M., Knees, P., McFee, B., Bogdanov, D., and Kaminskas, M. (2015).

“Music recommender systems,” in Recommender Systems Handbook,

eds F. Ricci, L. Rokach, and B. Shapira (Cham: Springer), 453–492.

doi: 10.1007/978-1-4899-7637-6_13

Schuwerk, C., Xu, X., Chaudhari, R., and Steinbach, E. (2015). Compensating

the effect of communication delay in client-server–based shared haptic virtual

environments. ACM Trans. Appl. Percept. 13:5. doi: 10.1145/2835176

Sigitov, A., Staadt, O., and Hinkenjann, A. (2018). “Towards intelligent

interfaces for mixed-focus collaboration,” in Adjunct Publication of the 26th

Conference on User Modeling, Adaptation and Personalization, UMAP’18

Frontiers in Computer Science | www.frontiersin.org 22 November 2020 | Volume 2 | Article 562679

https://doi.org/10.1016/j.infsof.2013.07.010
https://doi.org/10.1080/13614560902801608
https://doi.org/10.1145/3079628.3079664
https://doi.org/10.1145/1321440.1321513
https://doi.org/10.1145/3219819.3220050
https://doi.org/10.1145/2998181.2998281
https://doi.org/10.1145/2818048.2819979
https://doi.org/10.1145/604045.604094
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1145/2145204.2145276
https://doi.org/10.1145/3274397
https://doi.org/10.1145/3041021.3054147
https://doi.org/10.1145/3240323.3240405
https://doi.org/10.1145/3359200
https://doi.org/10.1007/s11257-017-9195-0
https://doi.org/10.1145/2742032.2742038
https://doi.org/10.1109/ICMLA.2015.183
https://doi.org/10.1145/3173574.3173758
https://doi.org/10.1145/2305484.2305500
https://doi.org/10.1145/3173574.3173620
https://doi.org/10.1145/2000756.2000763
https://doi.org/10.1145/2593968.2593974
https://doi.org/10.1016/j.intcom.2004.07.008
https://doi.org/10.1145/1456223.1456354
https://doi.org/10.1023/A:1009804230409
https://doi.org/10.1145/2632048.2632087
https://doi.org/10.1007/978-1-4899-7637-6_13
https://doi.org/10.1145/2835176
https://www.frontiersin.org/journals/computer-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/computer-science#articles


Neumayr and Augstein A Systematic Review of Personalized Collaborative Systems

(Singapore; New York, NY: Association for Computing Machinery), 287–292.

doi: 10.1145/3213586.3225239

Stephanidis, C., Paramythis, A., Akoumianakis, D., and Sfyrakis, M. (1998). “Self-

adapting web-based systems: towards universal accessibility,” in Proceedings of

the 4th Workshop on User Interfae For All (Stockholm).

Streibel, O., and Alnemr, R. (2011). “Trend-based and reputation-versed

personalized news network,” in Proceedings of the 3rd International

Workshop on Search and Mining User-Generated Contents, SMUC’11

(Glasgow; New York, NY: Association for Computing Machinery), 3–10.

doi: 10.1145/2065023.2065027

Teevan, J., Morris, M. R., and Bush, S. (2009). “Discovering and using

groups to improve personalized search,” in Proceedings of the Second

ACM International Conference on Web Search and Data Mining, WSDM’09

(Barcelona; New York, NY: Association for Computing Machinery), 15–24.

doi: 10.1145/1498759.1498786

Tokuda, Y., Norasikin, M. A., Subramanian, S., and Martinez Plasencia, D. (2017).

“MistForm: adaptive shape changing fog screens,” in Proceedings of the 2017

CHI Conference on Human Factors in Computing Systems, CHI’17 (Denver,

CO; New York, NY: Association for Computing Machinery), 4383–4395.

doi: 10.1145/3025453.3025608

Tranfield, D., Denyer, D., and Smart, P. (2003). Towards a methodology for

developing evidence-informedmanagement knowledge bymeans of systematic

review. Br. J. Manag. 14, 207–222. doi: 10.1111/1467-8551.00375

van Dijk, E. M., Lingnau, A., and Kockelkorn, H. (2012). “Measuring enjoyment

of an interactive museum experience,” in Proceedings of the 14th ACM

International Conference on Multimodal Interaction, ICMI’12 (Santa Monica,

CA; New York, NY: Association for Computing Machinery), 249–256.

doi: 10.1145/2388676.2388728

von Zadow, U., Büschel, W., Langner, R., and Dachselt, R. (2014).

“SleeD: using a sleeve display to interact with touch-sensitive display

walls,” in Proceedings of the Ninth ACM International Conference on

Interactive Tabletops and Surfaces, ITS’14 (Dresden; New York, NY:

Association for Computing Machinery), 129–138. doi: 10.1145/2669485.26

69507

Wolfe, C. (2011). Model transformation at runtime for dynamic adaptation

in distributed groupware (Unpublished Ph.D. thesis). Queen’s University,

Kingston, ON, Canada. Available online at: https://qspace.library.queensu.ca/

handle/1974/6324

Wolfe, C., Graham, T. N., Phillips, W. G., and Roy, B. (2009). “FIIA: user-centered

development of adaptive groupware systems,” in Proceedings of the 1st ACM

SIGCHI Symposium on Engineering Interactive Computing Systems, EICS’09

(Pittsburgh, PA; New York, NY: Association for Computing Machinery),

275–284.

Wolfe, C., Smith, J. D., Phillips, W. G., and Graham, T. N. (2010).

“FIIA: a model-based approach to engineering collaborative

augmented reality,” in The Engineering of Mixed Reality Systems,

Human-Computer Interaction Series, eds E. Dubois, P. Gray, and

L. Nigay (London: Springer), 293–312. doi: 10.1007/978-1-84882-

733-2_15

Yan, M., Sang, J., Xu, C., and Hossain, M. S. (2016). A unified

video recommendation by cross-network user modeling. ACM

Trans. Multimed. Comput. Commun. Appl. 12:53. doi: 10.1145/

2957755

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2020 Neumayr and Augstein. This is an open-access article distributed

under the terms of the Creative Commons Attribution License (CC BY). The use,

distribution or reproduction in other forums is permitted, provided the original

author(s) and the copyright owner(s) are credited and that the original publication

in this journal is cited, in accordance with accepted academic practice. No use,

distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Computer Science | www.frontiersin.org 23 November 2020 | Volume 2 | Article 562679

https://doi.org/10.1145/3213586.3225239
https://doi.org/10.1145/2065023.2065027
https://doi.org/10.1145/1498759.1498786
https://doi.org/10.1145/3025453.3025608
https://doi.org/10.1111/1467-8551.00375
https://doi.org/10.1145/2388676.2388728
https://doi.org/10.1145/2669485.2669507
https://qspace.library.queensu.ca/handle/1974/6324
https://qspace.library.queensu.ca/handle/1974/6324
https://doi.org/10.1007/978-1-84882-733-2_15
https://doi.org/10.1145/2957755
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/computer-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/computer-science#articles

	A Systematic Review of Personalized Collaborative Systems
	1. Introduction
	1.1. Collaborative Systems
	1.2. Adaptation and Personalization
	1.3. Personalization for Collaboration and the Need for a Systematic Review
	1.4. Structure of the Article

	2. Systematic Review Methodology
	2.1. Planning the Review
	2.1.1. Research Questions
	2.1.2. Queried Data Sources
	2.1.3. Inclusion and Exclusion Criteria

	2.2. Conducting the Review
	2.2.1. Search Query
	2.2.2. Query Results


	3. Results
	3.1. Thematic Overview
	3.2. Scientometrics, Publication Date, and Venue
	3.2.1. Venue
	3.2.2. Publication Date
	3.2.3. Scope
	3.2.4. Impact

	3.3. Paper Types
	3.4. Domains
	3.5. Research Directions
	3.5.1. Recommendation
	3.5.2. User Modeling
	3.5.3. Personalizing Experiences
	3.5.4. Adapting Interaction
	3.5.5. Adapting UIs
	3.5.6. Web Search
	3.5.7. Architectures and Frameworks
	3.5.8. Miscellaneous

	3.6. Foundations of Adaptation and Personalization
	3.7. Study Types

	4. Taxonomy of Personalized Collaborative Systems
	5. Discussion and Conclusions
	Data Availability Statement
	Author Contributions
	Funding
	References


