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Collaborative Sequencing (CoSeq) is the process by which a group collaboratively constructs a sequence.
CoSeq is ubiquitous, occurring across diverse situations like trip planning, course scheduling, or book writing.
Building a consensus on a sequence is desirable to groups. However, accomplishing this requires groups
to dedicate significant effort to comprehensively discuss preferences and resolve conflicts. Furthermore, as
numerous decisions must be assessed to construct a sequence, this challenge can be exacerbated in CoSeq.
However, little research has aimed to effectively support consensus building in CoSeq. As a first step to
systematically understand and support consensus building in CoSeq, we conducted a formative study to gain
insights into how visual awareness may facilitate the holistic recognition of preferences and the resolution of
conflicts within a group. From the study, we identified design requirements to support consensus building and
designed a novel visual awareness technique for CoSeq. We instantiated this design in a collaborative travel
itinerary planning system, Twine, and conducted a summative study to evaluate its effects. We found that
visual awareness could decrease the effort of communicating preferences by 21%, and participants’ comments
suggest that it also encouraged group members to behave more cooperatively when building a consensus. We
discuss future research directions to further explore the needs and challenges in this unique context and to
advance the development of support for CoSeq tasks.
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1 INTRODUCTION

Collaborative Sequencing (CoSeq) is a task in which a group of members collaboratively constructs
a sequence by selecting items from a set of possible alternatives and arranging these items into a
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particular order. People commonly engage in such tasks in both casual and formal contexts: when
planning a trip with friends [48], determining a curriculum for coursework [64], structuring sections
of a book, and scheduling the writing process [50]. It is desirable for group members to build a
consensus regarding a sequence in scenarios where the members are collectively responsible for
and affected by that sequence [10]. This is because, when compared to other group decision-making
processes like majority vote, consensus building has been shown to lead to higher satisfaction
regarding the task and interpersonal relationships among group members [21]. Consequently, for
example, it might be more preferable for a group of tourists to reach a consensus on the sequence
of attractions they will visit during their trip, than to decide by voting,.

Despite the benefits of consensus building, reaching a decision based on all of the group members’
consensus is challenging. For instance, members must expend significant time and communica-
tion effort to express their opinions and to develop a comprehensive awareness of the group’s
preferences [10]. Additionally, factors such as individual biases [60] and unequal participation in
discussions [33] may further hinder the ability of groups to reach an effective consensus.

Group decision-making and consensus building have been core research topics in CSCW [6, 9, 30,
39]. For example, substantial research has been dedicated into understanding and supporting design
discussions [69], criteria-based decision-making [43], and collaborative analysis [35]. However,
despite the ubiquity of CoSeq, it has received relatively less attention within the CSCW and Human-
Computer Interaction (HCI) communities, leaving the challenges inherent in consensus building
unaddressed in CoSeq tasks. Therefore, further exploration into this unique context is required to
effectively support this type of task.

The overarching goal of this work is to determine a design that can effectively facilitate consensus
building in CoSeq. Prior work has demonstrated the benefit of visual awareness in decision-making
contexts. Visual awareness denotes visual support which allows the user to maintain awareness
of task-related elements such as group members’ opinions and actions, and the overall state
of the process. In several tasks, visual awareness of members’ preferences in groups has been
demonstrated to decrease communication effort [22] and advance discussions [30]. Inspired by
these, we aimed to gain a deeper understanding of how to effectively facilitate group awareness
in CoSeq. In our formative study, we generated four notable prototypes based on prior work of
collaborative information seeking [29], information visualization [4], and graph theory [3, 7, 19].
Using these prototypes, we conducted a qualitative study with four users to elicit aspects that are
useful for gaining awareness of preferences within a group. We boiled down these aspects into three
design requirements that aim to support groups’ consensus building through visual awareness.
In particular, visual awareness should help groups assess the overall level of agreement, focus on
the differences between members’ selection and ordering of items, and guide them to determine
specific actions that they could take to reach a consensus.

To evaluate how such visual awareness affects group communication and consensus building
in CoSeq, we designed a collaborative travel itinerary planning system, Twine. Using Twine, we
conducted a within-subjects controlled study with 45 participants—15 teams of three travelers each.
Findings from our study indicate that the participants perceived the consensus building process in
CoSeq to be more efficient and effective with visual awareness than without it. Regarding efficiency,
we investigated the effort and time required to reach a consensus, and found that visual awareness
reduced participants’ effort in expressing opinions by 21% and that of inquiring about members’
opinions by 22%. Regarding effectiveness, we investigated participants’ perceptions regarding
both the overall satisfaction of their group members during the consensus building process as
well as individual satisfaction towards the final outcome. Our results showed that, while the
perceived group satisfaction increased significantly with visual awareness, individual satisfaction
did not. A qualitative analysis of participants’ responses suggests our visual awareness technique
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can encourage group members to be more receptive to others' opinions, but can also potentially
pressure them to conform to others' opinions. From the study ndings, we also identi ed design
implications to further facilitate and enhance groups' consensus building processes in diverse
CoSeq scenarios.

This work o ers the following contributions:

Design Requirements for a CoSeq Task - Formative Study : Through our formative

study, we characterize common challenges and needs in CoSeq and determine a set of three
design requirements that could facilitate successful consensus building.

Design of a Research Prototype - Twine : Informed by the design requirements, we
present a novel technique that leverages visual awareness to facilitate group communication
and consensus building in CoSeq.

Experimental Results about E ciency and E ectiveness of Twine - Summative Study

We present empirical evidence that shows how our design can facilitate CoSeq in terms of task
e ciency and e ectiveness through our collection of behavioral and attitudinal measures.

2 BACKGROUND AND RELATED WORK

We review related work in four main areas: (1) systems that support sequencing, mostly for
individual users, (2) consensus building theory, (3) system-supported consensus building, and (4)
techniques for sequence comparison.

2.1 Approaches to Support Sequencing

In this work, we de ne sequences as directed, acyclic paths of nodes (i.e., selected items). The nodes
possess quantitative and/or qualitative attributes, and are interrelated such that pairs of consequent
nodes are connected by edges which are weighted by quantitative and/or qualitative values. For
example, in the case of book structuring, each chapter has a quantitative page length and qualitative
content, and consequent chapters have a qualitative logical progression. Additionally, as a whole,
sequences may be constrained (e.g., limiting the total page length of a book). Due to the number
of decisions, alternatives and related factors that need to be assessed, e ectively constructing a
sequence can be challenging. Thus, many researchers have aimed to design systems that facilitate
sequence construction i.e., sequencing.

Recommender systems, which often leverage large-scale data, have been a common apptoach [
13 31,55 5§. Xnavi[4g assists a traveler's itinerary planning process by recommending common
subsequences of activities which are extracted from past tourists' driving histories. To provide advi-
sors with action plan recommendations for their studenEsjentActiorj 14 exploits event sequences
in the academic records of past students. In the space of storyboarding, Tharatipyakul B¢al. [
designed a system which allows the user to sequence and color-code frames to visually compare
variations of a storyboard. Alternativelyylobi[66 and Crowdcierg¢54 used crowdsourcing to
harness human computation to generate travel itineraries for requesters. These systems, however,
only address the sequencing tasks of individuals. In the case of the crowdsourcing systems, they
supported collaborating crowdworkers but their sequence construction is based on the require-
ments and preferences of a single requester. Therefore, they were not designed to facilitate the
decision-making process through which several individuals may discuss opinions to construct and
reach an agreement on a sequence. Most related to CoSeq tasks,3Zplaidilitates collaborative
conference scheduling through communitysourcing and constraint-solving support. However, the
system focuses on the task of allocating papers into sessions and provides no support for the
sequencing of papers within sessions such that they follow a logical progression. Recently, Kim
et al. [3§ provided preliminary observations on the e ect of visual support in CoSeq. We extend
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this work by providing in-depth insights on the design of visual awareness for CoSeq tasks and
implications for future design.

2.2 Theoretical Constructs of Group Consensus Building

CoSeq tasks involve group members jointly constructing a sequence based on their individual
opinions (e.g., preferences, knowledge or expertise) regarding the multiple qualitative and quanti-
tative attributes of nodes and edges in the sequence. Due to the complex relationships between
the members' opinions and the multi-criteria nature of sequences, CoSeq tasks are problems with
no correct answers categorized as group tasks of the decision-making task type in McGrath's
circumplex model 5. Due to the lack of a clear solution, these types of tasks can bene t from
group members building a consensus to reach a decision. Consensus building increases stakeholders
willingness to commit to a proposal in the case of CoSeq, a sequence by resolving present
disagreements or con icts to produce more high-quality and acceptable outcofmgsDue to

the merits of consensus building, Briggs et &] [ntroduced a general process model to guide

the application of this process in diverse group tasks. The model consists of four main steps: (1) a
member makes a proposal, (2) the group evaluates their willingness to commit to it, (3) the group
identi es con icts, and (4) lastly, they resolve the con icts.

While consensus building is applicable to CoSeq tasks, the suitability of the process depends on
the context of the task. Firstly, the process is desirable when members are collectively responsible
for the outcome [L( and individual errors in judgment have signi cant consequencesl]] As
individual errors can incur signi cant cost to all members, ensuring that members have a consensus
on the nal sequence is crucial. However, in groups where the leader or speci ¢ individuals will be
more responsible for a decision (e.g., parents' expenses during a family vacation with their young
children) consensus building may not be suitable as only on a subset of the group members are
subjected to the costs of members' collective opinions. Additionally, consensus building requires
that members have a high willingness to discuss and negotiate to resolve potential conGéls [
Thus, groups with signi cant status disparitiesS[] or disagreements regarding the status of
members B are not suitable for consensus building as members may not be willing to contribute
to the discussion or be unresponsive to others' contributions. Finally, due to the time necessary to
build a consensus, applying the process in urgent or emergency scenarios can be more detrimental
when compared to faster decision-making methods such as majority votiiy [Thus, in our work,
we consider non-urgent CoSeq tasks in which group members are equal in responsibility and status.

Additionally, fundamental challenges can impede its successful execution. For successful con-
sensus building, members must express their opinions regarding proposals and, then, identify
disagreements that may exist between members' opinions and resolve these through discugsion [
However, these processes can require signi cant time and e ort in communicativd.[The la-
borious nature of the process may lead groups to avoid or ignore con icts which leadalse
consensusl g, where members hold disagreements with the nal decision but failed to address
them during the discussion process. Besides the e ort required, various social factors may further
hinder the e ectiveness of the process. For instance, e ective consensus building requires members
to adequately consider each others' opiniori€]. However, through the anchoring e ect, members
may become anchored to their initial opinions and remain una ected from learning about others'
opinions [21, 6. Additionally, Avery et al. p] advised that it is essential to maintain an accessible
discussion during consensus building such that all members can participate and express their
opinions. Discussions, however, have been shown to easily become dominated or a ected by one
member or a small subset of the groupd 41]. For example, Stettinger et alb§] showed that the
rst member to express their preferences had a detrimental in uence on the consequent discussion.
To mitigate these challenges that surround the process, consensus building literature recommends
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the use of a facilitator 1. However, as e ective facilitators or leaders may not be present in all
types of groups, our work instead explores the application of visual awareness to facilitate the
consensus building process in CoSeq tasks.

2.3 Approaches for Supporting Group Consensus Building

Due to the merits of consensus but the di culty in e ectively building it, previous work has
introduced system support to facilitate the process. Inspired by previous work which supported
the tasks of individuals by visualizing the behaviors of other usesg] [and supportingsocial
navigation[17, a substantial amount of work has explored the use of visual awareness for group
tasks R4, 26 27, 32 61]. For example, Goyal and Fusselll] provided visual awareness, in the form

of sensemaking translucenteallow group members track their whole group's activities during
collaborative analysis. This visual awareness approach has also been adopted to support consensus
building by visualizing opinions in groupsd, 49 69. Although these systems e ectively supported
consensus building by increasing awareness of others' opinions and facilitating the identi cation
of con icts, all of them supported tasks that involve deciding on a single item. For example, Hong
et al. 29 extendeddynamic queriefl] to visualize the preferences on criteria set by members of a
group to facilitate the collaborative Itering and selection of a location from a list of alternatives.
Similarly, ConsensUgl3 facilitated the process of selecting a candidate for an engineering school
by allowing the user to rate alternatives based on criteria, and to identify con icts with their group
members' ratings by visually comparing the ratings. As CoSeq involves multiple decisions, these
approaches would demand signi cant e ort from groups to iteratively specify preferences for
each decision. Furthermore, as decisions in CoSeq are interrelated since they come together in one
sequence, iterative decision-making may obscure these relationships. Inspired by previous work
but noticing the unique challenges of CoSeq, we formulate that individually constructed sequences
can be leveraged to represent members' opinions, and that facilitating the visual comparison of
these can support visual awareness and consensus building in CoSeq.

2.4 Techniques for Sequence Comparison

Our work investigates supporting visual awareness in CoSeq through sequence comparison. As
sequences are a subclass of graphs, comparison techniques developed in the eld of graph theory
could be applicable to sequence comparison. For instance, graph edit distance is a common tool
used to quantitatively measure the similarity between grapfis 19, and adjacency matrices
are frequently used to support visual comparisas].[However, as these were designed for more
general structures, they might be unable to capture and leverage the characteristics speci ¢ to
sequences such as their unidirectionality, and the importance of the relative position of nodes in
the sequence. In contrast, one line of work investigated the design of visualization tools speci cally
for large sequence datasetsq 44, 47,63 64. For example, Monroe et al4[] developed a system
that aggregates and visualizes noisy sequence data from electronic health records. While these
techniques are e ective for the identi cation of general trends in large amounts of sequences,
they cannot adequately support the exploration of detailed similarities and di erences between
sequences. In CoSeq, detail is necessary to allow groups to develop a comprehensive awareness
of members' preferences. Most relevant to our workDelta[4(, which supported sequence
comparison by merging them through the technique by Andrews et 4]. However,Deltaonly
allowed for the comparison of two sequences at a time. Extending its support beyond pairwise
comparison can be a challenge due to the greater di culty of comparing three or more itekk [

In summary, ndings in CSCW, HCI, and Information Visualization (InfoVis) communities
show that visually externalizing group members' preferences and actions in group work, such as
collaborative data analysi[] and collaborative information-seeking?f], could lead to better
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outcomes. However, we identi ed that there is a lack of systemic and dedicated approaches aiming
to understand how to speci cally support CoSeq. To bridge this gap, we conduct a formative study
to gain a deeper understanding of improving CoSeq through visual awareness.

3 FORMATIVE STUDY

Inspired by previous work, we postulate that considering the right strategy when designing
groupware with visual awareness can improve the outcomes of CoSeq tasks. This is because an
e ective design can help the user to more easily compare their own preferred choices with those of
their group members and allow the group to determine a sequence that re ects every necessary
perspective from the various stakeholders. To educate our design for visual awareness in CoSeq,
we conducted a formative study.

3.1 Method

Through our literature review, we identi ed four techniques that could be adapted to satisfy the
requirements of CoSeq speci cally, allow for the simultaneous and detailed comparison of more
than two sequences. Then, we designed prototypes based on each of these techniques and adapted
them to support CoSeq (shown in Fig. 1). Below, we provide descriptions of the four prototypes:

Lists of nodes and edges: this presents a list ofiodedi.e., selected items from a user) and a
list of edgedi.e., pairs of adjacent nodes a user connected) with visual cues that show which
nodes and edges are agreed-upon by which members of a group through the color-coding
technique by Hong et al.49 (vertical bars in the list of nodes and edges in Fig. 1 (a) show
the visual cues).

A merged graph: based on the technique by Andrews et ad],[this prototype merges
multiple sequences in a single graph, applying color-coding to present a group's node and
edge selections (see Fig. 1 (b)).

A visualized edit distance : this prototype displays group members' sequences in a row and
visualizes the operations in the edit distance (i.e., add, remove, and move) between sequences
next to each other in the row (see Fig. 1 (c)).

An adjacency matrix : an adjacency matrix that visualizes each member's from choices
(rows in Fig. 1 (d)) and to choices (columns in Fig. 1 (d)), based on Alper e8] \jork

that demonstrated the e ectiveness of adjacency matrices for graph comparison.

With these four prototypes, we conducted a formative study to understand their strengths and
weaknesses. Speci cally, our primary goal was to understand how e ective each prototype was
at granting the user awareness of preferences within a group, as well as the user's challenges
and potential needs during this process. To concretize a domain for the study, we selected travel
itinerary planning among the possible CoSeq domains. This domain was chosen for this study and
the subsequent summative study as travel itinerary planning is a commonly occurring task in
real-life scenarios3(, and we wanted to ensure that we could recruit an adequate number of
participants with su cient experience, expertise and interest in the chosen CoSeq task. Additionally,
previous work has shown this task to have complexity beyond being a travelling salesman problem,
due to the emergence of con icts between people's preferenéék [n our study, we showed the
four prototypes and observed how our participants used it. We recruited participants gradually
until we were able to determine patterns that show general di culties and needs. As a result, we
worked with four participants who had experience in travel planning in groups (age M=22.8, two
males and two females).

In this study, participants were asked to individually compare three itineraries constructed by
three ctitious travelers, and construct a sequence by considering the preferences of all the group
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Fig. 1. The four prototypes: (a) list of nodes and edges; (b) merged graph; (c) visualized edit distance; and (d)
adjacency matrix.

members. The participants were allowed to freely use any of the prototypes to evaluate and compare
the given itineraries. Designed as a think-aloud study, the participants were encouraged to vocalize
their thoughts and reasoning for their actions throughout the task. After the task, we conducted
semi-structured interviews for an hour in which participants were asked to re ect on the strengths
and weaknesses of each prototype, and comment on additional support they needed but that was
not provided by any of the prototypes. Participants were also provided with a separate sheet which
contained the monetary costs of all the points-of-interest (POIs) present in the three itineraries and
a map which showed the location of each POI. When constructing the sequence, participants were
asked to maintain the total cost of selected POls below a speci ed maximum value and to ensure
that the route of POIs was realistic considering the distance between POIs and without signi cant
winding. These factors were enforced on participants to recreate real-world CoSeq scenarios in
which the weight of edges (i.e., distance between locations), ordering of nodes, and overall sequence
constraints must be considered.

Participants' comments throughout the sessions were recorded and transcribed, and observations
of participants' use of the four prototypes were also noted. To analyze this data, we conducted an
iterative qualitative coding process. Informed by Saldafia's comprehensive manual on qualitative
coding methods %3, one of the authors rst applied annitial codingmethod to gain an in-depth
understanding of the data and its nuances. After initial similarities and di erences within the
data were identi ed, apattern codingnethod was applied as the initial codes showed patterns in

Proc. ACM Hum.-Comput. Interact., Vol. 5, No. CSCW1, Article 176. Publication date: April 2021.



176:8 Tae Soo Kim et al.

participants' behaviors. An additional author revised the initial codes and then participated in a
discussion with the initial author to perform the pattern coding.

3.2 Design Requirements

Through the analysis of participants' comments and behaviors, we identi ed the life span of how

a user builds a consensus in CoSeq: (1) identifydaection agreemen(g) focusing orordering
disagreementsind (3) deciding on whichctionsto take to gradually reach a consensus. For each
stage, the formative study ndings granted insights into why and how visual awareness is leveraged
in each stage. Also, we discovered that no single prototype could adequately support the entire life
span. Based on these insights, we derived three high-level design requirements which could serve
as a useful framework for designers who aim to facilitate consensus building in CoSeq through
visual awareness (DR1, DR2, and DR3 listed below).

DR1: Display Selection Agreements at a Glance: We found that participants appreciated
having visual awareness in CoSeq because it enabled them to spot what aspects in a sequence were
agreed-upon by the group. Speci cally, all four participants rst identi ed nodes and edges (i.e.,
pairs of consecutive nodes) which were selected by multiple group members. For this purpose,
they relied on the prototypes which allowed them to identify these similarities at a glance such as
the lists of nodes and edges, and the adjacency matrix. On the other hand, the prototypes which
compared sequences in detail such as lines connecting di erent nodes in a merged graph were
less useful. For example, P1 mentionedike [the list of nodes and edges] as it easily shows what
[nodes are] popular without adding too much informatidhis aspect suggests the importance of
designing visual awareness in CoSeq such that the user can immediately and easily capture selection
agreements between sequences. Although this resembles Shneiderman's visual information seeking
mantra [54 overview rst, zoom and lter, then details-on-demaralr ndings provide speci ¢
details on the type of overview needed in CoSeq tasks: an overview of selection agreements.

DR2: Present Ordering Di erences on Demand to Induce Actions for Consensus:  After
identifying agreed-upon selections between the sequences, we found that participants used these
parts as anchors to identify di erences in ordering i.e., con icts that needed to be addressed. In
particular, we found that participants characterized these di erences into two types: (1) nodes
or edges that appear in several members' sequences but that di er in their positions in each
sequence (i.e., near the beginning, middle, or end of a sequence), and (2) agreed-upon parts in the
sequences that have di erent nodes adjacent to them. For this purpose, participants mentioned the
merit of prototypes that provided detailed information on these types of ordering di erences. For
example, P2 and P3 used the move operations in Fig. 1 (c) the lines that show how the position of
a node should be moved in a sequence to match another sequence to see the distance between
the positions of the same node in di erent sequences. In turn, this visual awareness of ordering
di erences allowed participants to realize what the con icts obstructing consensus were and
between which sequences they were present. This pattern of behavior indicates the design of visual
awareness in CoSeq should allow userszoom and lter on agreed-on selections and obtain
details-on-demandregarding the ordering di erences. Again, while these suggestions resemble
those presented in Shneiderman's manté&], our ndings present speci ¢ details to satisfy the
mantra in CoSeq tasks.

DR3: Display Actions for Con ict Resolution and their Consequences : After identifying
disagreements, a common pain point that participants mentioned was to determine the possible
ways in which the disagreements could be resolved. Speci cally, they wanted to know how speci c
changes to one sequence would a ect the agreement between all the sequences. For example,
P2 mentioned,l wish | could make Photoshop-like layers so | could quickly test a change on one
[sequence] and see how that would change how similar the [sequences] are to eathistigpe of
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