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understanding of the use cases being envisioned of such a system (Shah, 2012). The design
utilizes ontology for reifying the normally invisible structure of the discourse, and therefore
provides a way of structuring the domain and talking about the micro-world of the composition.
Automated extraction of concepts and speech acts are methods to indicate areas of successful
social knowledge construction and successful collaboration. Likewise, each system design
recommendation has one or several collaborative affordances, which are aimed to overcome
sensemaking gaps and to utilize elements of collaborative discourse involved in the co-
construction of social knowledge. Socio-technical systems in the case of innovation require that
many detailed design decisions to be made, with respect to links between constraints on

workflows, role authorization, and configurations (Feinman, 2006).

Below is a summary of the major design features that are address in more detail in the following

sections:

1. Meta-notations allow for group articulation and support communication used to
exchange ideas, to discuss, to learn, to negotiate and to make decisions. Increasingly
complex datasets can be developed from collaborative content creation tasks, combining
video, audio, screen capture, and physical and digital artefacts, including a history of the
creative process and collaborative interactions, as well as the learners’ final digital object

or objects.

2. Visualization of the problem space, specifically through timelines and scripts support
situation awareness which, in turn allows a remote participant to be informed of the
actions of the group and the group itself. Tools should support persistence of the
process and products of sensemaking by visualizing such pathways. An exemplary
system allows quick visual identification of each contribution (Trausan-Matu et al.,

2007).

3. Natural Language Processing (NLP) ontology, and text mining technologies are language
tools to model the domain and disambiguate redundant terminology. They are
responsible for identifying themes or subjects in dialogue content. These multiple

streams of data, subjected to technology-enhanced analytical methods, can inform our
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understanding of the relationship between the designable elements of a task and the
learners’ behaviour. Automation offloads the work that impedes collaboration and

minimizes the change in discourse practices as far as possible.

4. Frame-based communication tools structure discourse to make it more effective by
extracting structure from a naturalistic discourse to make the record more reusable.

In the design of CSCW features | consider a range of technologies which provide users ways to
adapt to situations and activities. Collaborators are, in effect, agents which are restrained by the
system. The environment itself can support both cognitive activities and provide ways to
manipulate situations. The physical system, or in this case, the software that interfaces with the
real world contributes to the cyclical interaction process. The properties of the system are
described in the affordances of Gibson (Greeno, 2010). An affordance refers to things in the
environment that contribute to the kind of interaction that occurs. The abilities of the agents are
supported and facilitated by the properties of the system that guide behaviours in ways that
conform to the range of tasks, needs, demands, and inferences that arise during dynamic
situations. The affordances relate the attributes of something in the environment, in this case
missing knowledge in the environment, or the need to review previous knowledge, to an
interactive activity by the agent participating in the interactive activity. Some agents lack
attentional or memory resources, some have better access to communicating with other
participants, others are less able to execute technical moves to perform some task. Therefore,
when | propose design features, | link each feature description with existential properties they
bring to the collaboration. I call these collaborative affordances which are articulated in specific
terms to justify each design choice. | saw it necessary to explain the decisions in terms of
collaborative affordances to link action and needs of real world collaboration, to the precise roles

that technology can play in instantiating and developing that link.

10.2 Problem Pathways

My first primary research question was the following: What are the communication patterns of
collaborators and how do these patterns affect sensemaking of musicians in the act of creating
music? This section addresses the first of these patterns, which is the use pathways to help
collaborators move in a stepwise fashion from the beginning of a collaborative task to the
completion of a collaborative product.
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At the beginning of the collaboration, it was clear that participants experienced gaps in sense
from the outset of the collaborative tasks. Under sensemaking theory, this finding amounts to
collaborators experiencing situations of unresolved connection between the goal and the current
problem state which is specifically described in the collaboration sequence. Gaps occur in how to
define goals, before attempting to solve a problem, and collaborators follow a refinement loop of
adding and revising related concepts and their properties iteratively. The theoretical view of the
creative act of making music in groups is that it is a problem solving process, albeit a process
with often ill-defined goals. As confirmed in studies about the creative act of music making,
(Collins & Dunn, 2011), there is a “chunking” of the protocol in four stages where the
compositional strategies are embedded into a cycle of recursive iteration. Theoretical models of
coordinated group work generally recognize that factors such as task type and group dynamics
can affect how and to what degree members coordinate with one another in virtual teams
(Stebbins, 2013; Schneider et al., 2010). In the case of creative music making, within the first
moments of collaborating, participants are concerned with populating what is essentially a
working set of ideas around which further modification and elaboration may take place. The
tendency is for concepts from the discourse, such as references to their objects or properties, to
be instantiated early in the process. (Examples of properties include tone and tempo.) An
occurrence of low density, low lifetime references in the early stages of the collaboration was
determined (see Section 9.5)
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Qualitative Model Diagram Cycle of Generation - Evaluation - Revision of
Collaborative Products

Generation

AN

Representation Generation
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Figure 8: Generation - Evaluation - Cycle of creation during collaboration. Products
of generation, represented internally, are translated to the social space where they
undergo iterative modification. At some point, external representations form final

product.

In the above model (Figure 8) the generation of ideas is performed both internally and externally

as ideas are gauged against the existing situation and into the problem space for consideration.

Works in progress are assessed by the community and undergo revisions and corrections as the

group members deliberate and formulate closure. At some point, competing alternatives are

compared and evaluated against a set of criteria. Following the evaluation, the working set of

data is transferred to a semi-permanent work set of solutions that meets the group’s requirements,

and the process then repeats himself. This creative, generative process thus starts at the

individual level—one where actors become aware of a current problem situation, and transitions
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to the collaborative level are arrived at through generative acts. Problems are resolved through
the evaluation and revision cycle, where actors collaboratively make sense of a problem
formulation. The processes noticed in this interaction, namely generation, evaluation, and
revision are noted as significant task requirements that compose the broader creative endeavour.
| use these labels to identify those parts of the conversation which seem to perform these
functions and look for patterns in their respective frequencies to draw conclusions about the
interactions. Thus the quantitative analysis of language can be a way of illuminating a group

aspect in common with other creative group activities.

Evidence in the current study demonstrates a commonality between groups of ongoing, cyclical
periods of generation, evaluation, modification (Section 9.3.1, Figure 2). Assessing the utility of
the finished product against these goals is equally problematic. I use the definition of a problem
solving “pathway” as a cyclical process emanating from the development of plans to begin a
composition. Generative talk, or divergent dialogue acts use language and musical actions to
create new situations whereby an idea is presented explicitly through the enactment of musical
concepts. Subjective accounts of composition identify what seem to be similar procedures with
all composers in this study, i.e. first acquiring the germinal idea (or an “inspiration”). As
indicated in the Section 9.5 of the RSA Results, a noteworthy trend emerged: several low-
density, high-diversity nouns references found within the dialogue, confirming the conjecture.
References could be a melodic theme, a rhythm, a chord progression, a texture, a “kind of
sound”, or a total picture of the work (Collins & Dunn, 2011), which is mirrored empirically in
the current findings. A member of group C discusses this loosely defined process as part of an
interview response:

Starting can happen in a few ways. Sometimes | have a song that’s been sitting in my
head forever... It’s good to let others hear my ideas and then let me know what they
think so it turns into something new.If I'm in a certain mood, or if | hear something | like,
an idea will emerge.

Example 16: Inspiration and starting the creative process

A common method of gap closure is recording an idea, no matter how trivial, and allowing its
evolution to develop naturally. Section 9.5 of this research provides a description of the high
diversity of nouns which are centred in the early stages of the collaboration, with multiple
references posited in a short time. Similarly, previous research describes collaborative

development based on generative acts to help to provide working alternatives, subjected to group
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deliberation, in, for instance, learning tasks (Noroozi et al., 2013), engineering projects, writing
and other creative tasks (Schmidt & Bannon, 2013). In the current context, however, this
translates to the use of musical experimentation and repetition, rather than physical sketching, as

means of introducing and making these alternatives persistent over time.

Under sensemaking theory, “verbings” are those actions that bring bridges into existence,
essentially creating them anew in a metaphorical space that represents the cognitive space of the
group (Dervin & Naumer, 2009). Using a quantitative model, other research in collaborative
knowledge has been measured by comparing individual utterances with multiple participants,
showing how these ideas animate others for collaborative gain through the integration of multiple
perspectives. Zones of intense collaboration are identified by comparing maximums of
collaborative gain with utterances that have their own gain greater than the chat’s average
(Trausan-Matu et al., 2012). Extending this idea, | found that zones can be gauged from those
timeframes which centre around specific topics, involving multiple participants and higher than
average density scores. Terms are introduced over the course of collaboration, repeated and
revisited in a characteristic recursivity occurring between the revision (elaborative dialogue acts)
and evaluation (convergent dialogue acts) following the introduction of the germinal idea (see
Section 9.3.1, Figure 2).

Constructivist models of collaboration point to the building of shared knowledge towards a
common goal. Goals on the micro level are indicated by the presence of plan references in the
discourse. As indicated in the Section 9.5.1, plan references fall in two general categories: short-
term and long-term. Short-term plans are immediate tasks, i.e., infrequently mentioned, low
lifetime nouns which indicate courses of action, and therefore do not demand memory resources
or persistent naming to aid this. On the other hand, long-term plans, were types marked by
frequent references and required names to be utilized throughout more extensive timelines in the
collaboration. For example, the task of creating a song ending involves multiple sub-tasks of
creating its constituent parts, modulating properties of the music, and eventually refining the
composition to a finished product.

Rhythm: Ok let’s get through the last chorus

Drum: The last chorus was when it goes like this(plays a beat) And then me and you will
go (sings for emphasis)

Drum: Then you have to go right from that part to (plays) RG: Ok, your call



90

Lead: So after the build-up, we can go (plays one chord, strummed repeatedly) Rhythm:
Ok lets begin from that riff.

Example 17: Initiating a problem solving pathway

Example 17 from Group A illustrates a few important elements occurring with regards to
problem-solving pathways. Communicating the initial plan first required using music to
reference the chorus, and then outline a schedule of tasks, illustrating excerpts by way of singing
the phrase, or otherwise verbalizing the rhythm between members. This process is an instance of
modification, one which takes place in the context of moving the problem forward: the
persistence of these concepts and their attributes is important to make sense of points later on.
Products are passed on verbally or through musical actions, and collaborative knowledge
building occurs among the participants involved.

Advances in computational natural language processing have been applied to the learning
sciences, such as the mapping of words in vector spaces to discover use of concepts through
clustering (Gupta & Lehal, 2010). In task-oriented dialogue, a micro-event is a segment of
discourse connected to the organization and achievement of the collaborative task-related events.
An example is the use of micro-language analysis to predict student progress through
collaborative work, and how parts of speech, such as verb markers, can be used to determine
planning and resourcing of the task (Thompson et al., 2014). The speaker needs to influence their

collaborators or express an imagined event which better matches the desired outcome.

In the current study, cues marked dialogue categories. The beginning of the cycle is marked by
high occurrences of all 4 reflexive dialogue categories, a determination which described how the
participants developed plans in the early stages (i.e. first 30 minutes) The early stages are marked
by a consistent presence of grounding and regulation talk and high occurrences of divergent,
generative discussion, combined with relatively low levels of what might be regarded as anti-

divergent dialogue, or premature closure of discussion without evaluation (see Table 4).

Each plan may be roughly measured in terms of its complexity, that is, the degree of co-
occurrence of plan concepts with other objects or properties over the plan’s lifetime. The findings
reveal that plan concepts are hierarchically arranged and, through the use of generative dialogue,
are populated and made more complex with an aggregation of musical concepts, relating to how

a plan may be enacted. This finding supports research in CSCW which indicates that within an
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ambiguous problem solving environment it is often a problem that multiple acceptable solutions
are considered correct (Kaplan 2001). Interaction within the group allows the pooling of
information and the fixing of errors through a process of both aggregation and synergy, critique
and checking solutions in quick succession. Section 9.5.4 (Table 7 and Figure 5) illustrates how
property concepts are described according to their dominance in the transcript. Most frequently
referenced properties such as order (the chronological sequencing of excerpts), tempo (the speed
of the music), duration (the length of time to play a section), and quality (a general description of
any tonal characteristics) were found to occur in the discourse in a way which mirrored the tonal
structure of music. In other words, these properties were concentrated in short lifetimes in the
discourse. In a similar fashion this discovery reflects the dispersion of musical object concepts
across two categories: short and long lifetimes (Figure 6). This aspect of solution structure is
described in more detail in the following section, 10.2.1.

Drums: | don't know where to come in

Rhythm: | don't know, just give us the intro

Bass: Maybe you should try it with some big bar chords

Rhythm: Yeah. But also longer, play it maybe two times through Bass: We also have to
figure out the last chord there

Drums: Oh ok. We did the build up when we shouldn't do the build up Rhythm: Well we
really didn't do it. Let’s go through that build up

Example 18: Negotiating blockages and reformulating plans

The situation demonstrated above in Example 18 resolves only when the individual achieves a
sense of comfort or coherence. Here we witness a form of negotiation within the group, and a
form of knowledge-based output where the individual has made temporary sense or coherence
from a discontinuity of experience (Spink & Cole, 2005). In Example 18 from a Group 2 session,
a single player requires group consensus about when to come in, how long to play, and which
section of the musical piece the group is in fact working on at the moment. The topic of
discussion is about the intro of the song, and how its performance should transpire, creating an
overlap in the discussion of song objects and properties in increasing complexity. A plan is
developed from the point where the drummer lacks sufficient understanding of the current state.
The drummer, inquiring to the group, needs to understand “where to come in”” with the rhythm
responding to the request with an alternative of playing the intro. The response initiates a
suggestion from a third member, as well as the rhythm, to change the way the intro is played:

altering its properties through an acts of newly contributed content and divergent dialogue. The
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initial inquiry posed by the drummer is resolved somewhat, as he achieves some individual
understanding and knowledge about what went wrong. The resolution here is a temporary
solution, a momentary “product” of the collaboration which consists of the intro, as well as
performance characteristics, including when instruments will begin, and how they should be
played (e.g., with big bar chords). As a micro-event of the collaborative work, it illustrates a
common pattern of taking a broad topical item and modifying it in necessary detail through
dialogue. In sensemaking terms, the individuals become aware of the problem following a
process of enacting work activities. The problem occurs when a gap occurs that prevents task
completion (Weick, 1995). A plan is initiated through the introduction of missing information
about identifying what instruments are being introduced, and how loud and how long they should
be played. Feedback is provided when the group actually plays the solution through, essentially

enacting the plan that was laid out prior to the emergence of the problem.

Collaborative sensemaking in music creation is evidenced in a strong temporal aspect (Lessaffre
et al., 2008). The sense that was made earlier of a particular situation by one member of the
group tended to influence the sense made later of the same intuition by others. Although the
sensemaking process is the focus, understanding the persistence of the temporary products of
sensemaking is important to that process; products are passed on not only across time, but also
across group members. Knowing the “path” that a group member had followed to make sense
during the emergence of a particular information task helped other group members. This
phenomenon of developing sensemaking pathway is the steps in the sensemaking process and the
‘sense’ made at each step (Paul & Reddy, 2010). In the current study, the exception was that they
were internal to the immediate group so less effort was expended to communicate the contextual
properties of the problem, and the focus was on the solution or resolution. A “pathway,”
therefore, is seen as any concept whose lifetime spans a salient and traceable process of
acceptance, of refinement and of development, and evaluation towards a completed form.
Transcripts consistently revealed many instances such as that shown in Example 18 where
tentative solutions or “products” of defined musical ideas in fact existed over time Those items
which represented solutions existed across its lifetime of relevance to the group discussion.
Further movement in the problem space necessitated revisiting these items and re-establishing
new plans, properties or performance details. In other words, the prevalence of checking and
other evaluation-type codes does not eliminate the particular concept from the problem set if it is
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mentioned again later in the discourse.

Another pattern were cases where the resolution of plans was interrupted, as shown in Example
19 below, where a breakdown in the information flow is the result of mistranslation of properties
from one point in the collaboration to the next. The problem is compounded when properties
such as duration, affect and ordering, and multiple musical layers, such as solos and the thematic
variations of the problem, are being addressed simultaneously.

(Band is playing second song from the start after their discussion. Sound is improving and
they are continuing through in its entirety, not stopping to discuss at any point) Rhythm:
Wait a sec, was that right? (Questioning to everyone)

Drum: Sounded good to me. (Nodding)

Bass: Yeah, we (messed up). We were supposed to go to the solo after 4 times, but | like

it like that.

Rhythm: | can never remember if we change it every time. | just want to keep everything
the same.

Bass: Ok, lets try it again and you go right to the solo when | look at you. (Bass nodding to
lead player)

Example 19: Maintaining persistent knowledge of musical layers.

There is an implicit hierarchal grammar used in the understanding of music, consisting of
successive levels of detail and refinement of sonic content. This hierarchy becomes more salient
as the group refers to structure continuously as a kind of guiding principle for the organization of
discussion content. Studies in the Generative Theory of Tonal Music (Lerdahl & Jackendoff,
1983) describe the mental procedures under which the listener constructs an unconscious
understanding of music, and uses these tools to illuminate the structure of individual
compositions. In Example 19, the rhythm states the difficulty in transferring between the
recurring high-level pattern, to the more low-level tonal characteristics. A plan indicating an
agreed-upon song structure and its duration of a section were not adhered to in the trial for one
reason or another — seemingly because of a failure to record or memorize details of the
temporary solution, and may actually constitute modification that was implicitly accepted by the
group at the time. For this member, it is a problem in maintaining the knowledge of multiple
layers of the group. However, accidental mistakes can sometimes create more favourable
solutions. The bass justifies a new solution when he corrects the mistake with explicit knowledge
of what the correct sequence should be, but then offers his approval of how the mistake seemed

to sound better. Various reasons within the setting may account for this, such as some alteration
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of the musical context that necessitated the change. We see yet again the need for group reference
and namable objects and persistent properties, which serve as low-level details of the
arrangement. When they are not intuitive to the group, a system representation should make
these dominant according to priority in the real time collaborative process. Conversely
“accidental” property modifications can benefit the process since they serve to provide
candidates for evaluation. To track and facilitate the collaboration, the group should enjoy these
options in real-time as well. Sensemaking trajectories highlight the fact that, in collaborative
information tasks, both the products and process of sensemaking persist, and remain nameable

over time and across multiple participants.

10.2.1 Solution and Plan Structures

This section discusses how specific patterns in language, in the form of numeric reference
occurrence and density, mirror the structure of the solution. These are the products of
sensemaking and are the ways information is used as the outcome of a sensemaking process.
Section 9.5.4 introduces the relationship between lifetime and density of object and property
references, and the ordering which is an intrinsic to music itself. Transcripts describing musical
objects such as notes, phrases, chords, melodies, verses and so forth, are analyzed. From studies
in the psychology of music, musical understanding arises in a top-down fashion, from a
hierarchy of successive layers which pertain to the organized structure of the sonic signal
(Lerdahl & Jackendoff, 1983). Likewise, the distribution of reference categories is significant in
the respect that mirrors this structure. In conversational terms, the references with higher average
density correspond to the lower level of this hierarchical structure. This includes object
references which are distributed between 60 - 90% density scores, namely note, melody, chord,
and phrase. Those with a lower average density, that is those references which have high
lifetimes and are less concentrated (20 - 40% density) and classified as medium layer objects.
This includes verse, chorus, intro, ending, etc. The nouns serve as the subject of revision

dialogue acts as they evolve, and therefore function as the topic of sensemaking pathways for the

group.

Plan structures operate in a similar fashion: work is more concentrated towards the end of the
collaboration as details become more pressing. Discussion of high-level structural components

are more prominent towards the early stages when they are the topic of generative, divergent
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dialogue (see Figure 2, Table 3). In a typical scenario it is safe to conclude that task detail is a
highly operative variable in the course of collaborating and the topics of concern in sensemaking.
At the same time that more general goals are being both evaluated and collectively critiqued and

accepted, the scope of the task is narrowed to resolve details.

Depending on the roles within the group, plans assume varying degree of priority regarding the
ability for each member to perform his or her respective activity. Plan reference findings (see
Section 9.5.7, Table 9) show there is often not an even distribution of lifetime values for
concepts. Instead they are distributed in two categories. The first category comprises long, sparse
referents, such as arrangement, excerpt, and version. The second category comprises secondary,
short-lived musical plan referents, such as tone, affect, and harmony; these can be thought of as

lower-level components of musical structural planning.

10.2.2 Design for Problem Solving: Notations & Information
Extraction

My second research question in Section 6.0 reads: How can the determination of these patterns
inform the design of an effective Computer Supported Collaborative Work (CSCW) system? In
this section | address this issue by proposing the first of several design features which capture

and facilitate the communication patterns exhibited during creative collaboration.

As they are being developed, segments of an original collaborative product can be described
according to their purpose, provisionality and level of confidence, and these arise from the
interaction between the resource and its user. What emerged in the qualitative and quantitative
investigation is the importance of saliency of lead conversational elements, and the persistence of
solutions across time. The lifetime of an information object undergoes periods of modification,
as products are passed along verbally or through musical action. In the current study, instances of
divergence represented a problem in individual memory, and as a result, difficulty in

coordinating the musical activity.

Natural Language Processing (NLP) methods include ways of domain-independent extractive
summaries of naturally occurring texts, and consists of selecting important sentences, paragraphs
etc. from the original document and concatenating them into shorter form. The importance of

sentences is decided based on statistical and linguistic features of sentences (Gupta & Lehal,
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2010). Certain text tools such as information extraction (IE), and annotation functionality such as
meta- notations (Rahman & Siddiqi, 2011), structure solutions by promoting divergent
discussion and work to offload memory. Information Extraction is an NLP-type technology, one
which identifies key information from natural language such as the subject of a sentence, and
associates it with a set of corresponding properties. Properties may be inherited according to the
semantic category of the entity, and thus create rich descriptions of entities by populating relevant
fields. A shared representation of the problem is a key issue for identifying problem pathways.
When understanding is more reliant on unaided interpretation of working ideas, more effective
communicative objects are needed. The use of reusable semantic structures improves the process
of orientating awareness of problem components, and enhances communication in some
important design processes. In addition to auto-filling entity properties, customizable meta-
notations can be used to represent explicitly degrees of provisionality, importance, and precision
of what state the solution might be in. Communicating provisionality and confidence through
notation or annotation, or both, is an important issue, one which has been explored only to a
limited extent in collaborative technology design. For example, in the technical design of
knitwear (Eckert & Stacey, 2003), technical sketches fail to convey different degrees of
commitment, as well as different degrees of precision. Often certain aspects of the technical
sketches are included only to provide a context in which the important elements of the design
make sense, yet it is hard to distinguish between an exactly specified part of the design and
unimportant details. Nilan extends the spatial metaphors of sensemaking (gaps, bridges) to
system design by describing the human-computer setting as oriented around a problem space
(1992). The correspondence between the persistence of objects and solution structure is an
important property of collaboration and should be reflected in a virtual space. Language
exchanged by group members can identify values of concept persistence ranked from metrics

derived from the discourse.

NLP technology can facilitate collaboration in scenario-based multi-user virtual environments
(MUVE) and has recently been utilized in long-term collaborative design tasks (Thomson, 2014).
It allows for the identification of the types of micro-event that learners enact and the
determination of whether learners complete the transactional functions crucial to task success
(e.g., reporting, determining rules, planning, implementing or resolving). Content items which

are persistent and relevant to collaboration should be represented as namable entities, with
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dedicated screen area, preserve the presence of information which emphasizes the temporal

structure of information seeking and sensemaking.

The increased access to shared content through annotation is postulated to help facilitate the
production of divergent input. This shift would mean creating explicit notations for the content of
problem space as it develops over the course of interaction. Divergent dialogue is solution
generating communication designed to generate insight and manufacture new ideas. Views which
support virtual meetings help to create a sense of shared space and support verbal and non-verbal
forms of communication, thus allowing a easier creation of different versions and solutions by
more than one member (Shah, 2010). At the same time, they serve a valuable function of
coordinating the activities of geographically distributed composers.

10.2.3 Summary of Problem Pathways

This section includes a summary of Section 10.2 with a description of sensemaking barriers, the
associated cues which indicate the existence of these barriers, and the related design features to

support sensemaking.

Table 10: In summary, issues discovered in problem solving during group collaboration
translates to a set of observable language cues. Solutions in the form of design features offers
affordances specific to each issue.

Issue Language Cues Feature Support Collaborative
Affordance
Problem Micro-events Persistent, Represent
Solving namable problem
Trajectories Long vs short-lived ltems Space
tasks and objects
Solution reflect song Dedicated Promote divergent
Structure structure screen area discussion and
Meta-notations offload memory

10.3 Awareness and Sensemaking

In my first corollary research question in Section 6.0, I introduced the need for investigating how
can we make visible the process of collaboration activities. Klein et al. (2006) proposed that
situation awareness can be considered a state-of-knowledge, or mental model representation of
the state of the world. Sensemaking is related since it is the means of achieving that outcome.
The transition from individual sensemaking to the collaborative level happens because of a set of
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triggers (Karunakaran et al., 2013). In sensemaking, this set includes the moment-to-moment
situation that occurs during collaboration. Knowledge of the situation involves the awareness of
the activities —what are collaborators doing? In a musical context, as in many creative domains,
awareness is difficult to measure normatively. | began from assuming situation awareness as the
extent to how actions are casually observed without requiring intentional awareness generating
actions. This approach is founded in the “spatial model” (Gross, 2013) which considers a
computer environment as a space or a set of spaces, through which users can move and interact
with other users or with objects. It reflects users’ everyday experience in the real world, where
proximity and distance influence and constrain the possibilities for interaction with each other
and with artefacts. Awareness is the means of supporting ad-hoc as well as planned interaction;
the use of body language, orientation and movement, and other social conventions in

conversation management.

| draw a distinction between two types of awareness in the current study, both critical to
collaborative sensemaking. The first is affect awareness, which | define as awareness about the
collaborative environment, a reaction which elicits converging subjective experience described in
affective terms, and translates it to positive social action. It is distinct from a second type, activity
awareness, drawn from Activity Theory, and emphasizes the need to maintain awareness about
the sequence of actions, directed towards a goal or object (Farooq et al., 2007; VVygotsky, 1978).
The current analysis has examined evidence for the correspondence between awareness and
language patterns. | looked to interpret patterns of conversations over time and discovered how
frequency, concentration, reference types, and conversational cues indicate these two forms of
awareness. Concentrations and repetition of topics in the discussion represent breakdowns of
awareness, and opportunities for sensemaking. The content of topics, the plans formed by
groups, and the use of prosocial communications all reflect the importance of affect in the
collaboration and were typically influential in the success of collaborative sensemaking.
Properties of an activity and how it is communicated to the group is the action that translates
individual knowledge—in the current case a subjective idea or sense and the tools member use,
to social knowledge which initiates action.

Just start playing. | hear something that makes me love it. Sometimes there’s
those deep ideas that are just a part of you, like a deep secret part. There’s something in
you that you didn’t even know what’s there and it comes out automatically. It’s not like
you can just sit down and plan everything out and say, like ok we’re going to write a song
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like the Beatles. It doesn’t work like that, at least not for me.

Example 20: Interview response about how to begin the group composing process.

This interview response from a group C member describes a typical process of initiating activity:
commencing the creative act. As indicated in the qualitative model (Figure 8), despite a strongly
subjective and individual orientation of making music, at some point artists require tools to
translate ideas outside themselves, beyond the use of music itself, into a comprehensive language
no matter how inexact it may be. The participants in the current study required accurate
constructions of reality—whether about group membership, group activities, the state of work,
current goals, or current priorities—to respond accordingly, through their assessment and

evaluation.

10.3.1 Affect Awareness

Dialogue moves that express positive team-directed affect or emotion are intrinsically functional
to the task at hand, and demonstrates consulting and valuing the partner’s perspective and
contribution (e.g., referencing others, acknowledgment, polite markers, encouragement,
addressing the group). Planning dialogic acts were supported with concentrated occurrences of a
number of prosocial dialogue acts, namely, mutual grounding and cohesive-talk. This situation
was true for all three groups. The reasons for this co-occurrence between task-related and social
related talk is accounted for in subjective responses from group members. In an interview
response, a member from Group B describes the importance of a positive social component and
of a familiarity which helps to create mutual amicability within the group.

My friend, who's a great songwriter, will come to me with a folk song where that sounds
great when he plays it. | can tell him how | hear it, what vibe | get from it. | doubt | would
react the same way if | heard it on the radio or something. He doesn’t mind my ideas, and
when you go through the process of changing it for a band, it becomes a whole new
experience.

Example 21: Positive social emotion and acceptance to divergent ideas.

Here, the member relates the importance of familiarity and trust from previous experience in
order to change another member’s idea and adapt it to a band scenario. Without the common
familiarity and trust, negative reactions can sometimes ensue when a group member feels his or
her contributions being marginalized. This finding ran, with some exceptions, in accordance to

the postulations computer supported collaborative problem-solving and decision making in group
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scenarios (Feinman, 2006).

Musical awareness depends on the participants’ real time, and instantaneous knowledge of the
topics of deliberation when they are expressed in musical form. Subtle variations of musical
properties demand personal effort. Attention must be divided to incorporate the activities of
others. Asband members worked to advance the state of the composition, cohesive and positive
group management dialogue instances were often deemed to be determining factors in the
occurrence of breakthroughs. Sometimes just taking time away from a problematic situation and
focusing on a past success can aid in moving the collaboration forward.

When something’s not working | stop. What | won’t do is play something | know doesn’t
sound good, just for the sake of putting something down or getting my energy out. Ifit’s
not working, you move on and go to something you know. Maybe later when everyone’s
looser you can pick back up and fix what’s not working.

Example 22: Interview response about how to being the group composing process.

Making connections in sense are distinguished from the regular course of collaboration by
deducing that a topic of importance in the collaboration—a musical excerpt, an idea, or a plan,
would also diminish in density between two points in time once a resolution occurs. When a
topic of discussion features less prominently following a period of importance, an agreement
about a solution is reached, and the collaboration can move forward. When | looked at
concentrations of critique and checking dialogue, | also saw these as clues to specific knowledge

gaps which had blocked the interchange.

As addressed previously in 10.2.1, density measures reflect the moment-to-moment importance
to the conversation. As part of this finding, both performance directions and plans regarding the
affective quality of the composition tend to play a significant role. Considering the totality of
references across all groups and sessions, they form the majority of plan references (20.5% of the
overall plan references, Table 9), performance references (35% of the overall performance
references, Table 6), and enjoy a relatively larger average lifetime (22). In the current study,
participants of Group A and B tended not to rely not on verbalizing plans explicitly, but rather on
a process of experimentation with sonic output. When compared to others, these groups relied on
tactile musical activities, that is sporadic experimentation to play ideas out rather than use verbal
discussion, regardless of whether they were used as part of a final product. It is a kind of

collective rehearsing where parts are played and replayed with added development. This process
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allowed users not only to follow the actions of others, but also to understand and make changes
in the working environment. Under the spatial model of awareness which stresses the importance
of place, orientation and movement to group learning, we see how instances of musical
communication work to perform group knowledge construction. In contrast, the members of
Group C reported laying out plans in a verbal manner. This points to the importance of mixed
modes of communication, where verbalizing details followed by musical demonstration are used
together to create shared knowledge.

| find that spontaneous jamming is good for a time, to have fun and get some ideas out
there. But at some point you need to plan out when everyone comes in as a group and
individually so everyone isn’t playing all the time and it becomes muddled and just noisy.
That’s the tricky part: arranging all the different pieces but when it works. Right
dynamics, or how busy and loud, or how sparse and quiet and how you move between
the two, can take make a good song into a great song.

Example 23: The importance of planning and arranging rather than pure

improvisation
Maintaining states of positive affect was important throughout the collaboration. At other times,
a shift in density of object references was determined, suggesting the presence of reflexive
dialogue and affective talk. New topics which caused problematic group understanding, a shift
which forced repetitive discussion. Instances of these problems were often alleviated through
positive affect. Conversely, the presence of negative affect showed density shift in the opposite
direction whereby the collaboration is hindered with the co-occurrence of less positively charged
dialogue. Data from conversational trends, (see Figure 2 Section 9.3.1) indicate that divergent
conversational patterns, including positive affect dialogic acts, spike at certain points in the
collaboration which is common across all three sessions and groups. Sporadic concentrations of
dialogic acts invite investigation concerning how the presence of statements, and the affective
properties which form the subject, may translate to collaboration success, and whether
subsequent statements indicate evidence of positive knowledge construction and learning
occurring at these moments. The relatively short lifetime, high density characteristics of affective
performance, and affective driven plans (63.3% and 51.3% respectively, Table 6 and Table 9)
coupled with high occurrence counts (103 and 62) when averaged across all groups, indicate that
this dimension is an ongoing element of concern and relevant for directing the collaboration.
Examination of specific instances in the transcript show that even though discussion may be “off

topic” with regards to the specific goals of the problem, the presence of affective dialogue
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communicates an increase in cohesive awareness and represent completion of “small victories”
surrounding the completion of previous tasks. In an excerpt from a Group A transcript (Example
24) we see an incident following a period of collaborative stagnation where a particular reference
is repeated both in the verbal dialogue and musical actions of the group as they decide on how to
choose a chord to transition between two sections: a verse and a bridge. Positive affect created by
cohesive interjection served to motivate members around common goals.

Bass: Yeah that was cool music, and you know... we're going to win!

All: yeah we're going to win (muffled, laughing banter)

Rhythm: That was awesome.

Lead: Yeah

Rhythm: So all the people will be like oh yeah? So if | have to sing a couple of songs it
will be just me, | want to tell you guys, but it will be sweet.

Lead: Let’s go from the top. | think we agree it sounds all right.

Example 24: Use of positive affect to overcome blockages in collaboration

Rather than revisiting the same problematic topic, the group in this case continued rehearsing the
established new content which were collectively agreed upon. The use of group management
discourse, such as grounding questioning and cohesive talk—e.g., “that was awesome,” “It
sounds all right,” “we’re going to win!”” —and similar social management use of language served
to create positive encouragement for the group, and was helpful in establishing and justifying the
context and priority of plans. However, the relationship between positive affect and the

occurrence of breakthroughs is not always a straightforward one.

Olsson, in his study of sensemaking with theatre professionals made note of this complex
dynamic between successful work and emotion. He notes that apparently “negative” emotion

(133

may play a positive role in a participants’ sensemaking, and that ““emotional truth’ is both the
subject and the generator of discourse” (2010). While the few examples of direct negative affect
were clearly not associated with breakthroughs noticed in the groups currently studied, the
example below (Example 25) highlights that authenticity, rather that mere positive emotion can
also be a fruitful source of sensemaking. It was not surprising that instances of successful
sensemaking were marked by periods of higher occurrences of (1) all group management and
evaluation categories, in particular planning and regulation talk (see Section 9.3.1, Table 3), (2)
divergent dialogue, especially solution generation talk, and (3) a number of prosocial dialogue

categories, namely, grounding, affective and cohesive-task talk.
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Example 25 shows one of the instances found of successful collaboration at points where the
group engaged less frequently in cohesive-playful talk, while reporting using forms of
disaffective talk as a way to motivate change or abandon the current solution.

Drum: I'll just hold the beat like a drum track then you guys can play around Bass: That’s
not 4/4 time but it’s making me excited (Bass tries to count out the time)

Rhythm: | don’t want this Math Punk or whatever that is, too complicated. Drum:
Ok then, I'll keep it fun and easy. Just like last time | guess.

Rhythm: (Takes lead, plays chords to provide emphasis on the beat

This seems to be a key idea the Lead adds a minor 4-chord that allows the group to
continue playing longer. Then they stop.)

Bass: (enthusiastically) Alright! Sounds' like Para-chill or the Fall!

Example 25: Strategic use and utility of negative affect and disagreement

Although this form of communication represents the minority of management occurrences for
every group, it was not necessarily detrimental to constructive progress and motivating members
to focus on the task at hand. In the above example, an affective response is often being sought, as
musicians propose disjointed ideas which may be quickly discarded and not discussed. A plan is
not necessarily forged ahead of time, but is the natural response from an experimentation of
tones and techniques that participants use to form what may be described as a jJumping off point.
In Music and Imagination, Michael Copland describes one possible tendency for musicians to
“form a desire” through free and unfiltered generation of ideas. The objective of this process
seems to be affective in nature, where the musicians try to enter a state of emotion which is
effectively manufactured until it “feels correct” (Copland, 1952).

Bass: Is that cool or is it too nuts?

Rhythm: (stops after second song is played) We'll try it one more time then we'll lay it to
rest.

Bass: It's like watching two windshield wipers

Example 26 - Trial and error: beginning and experimenting begins the collaboration.

The problem-solving approach to music begins with, and is influenced by, many learned
examples, and allusions to outside references, for example to specific bands or songs (e.g., “we
sound like Para-chill or the Fall”). Similar instances of using this technique involve the use of
allusions and exemplars as a way positive endorsement, when used as the subject of checking-
type dialogic acts. Similar cases, which were particularly common in Group B, help to confirm

the composition, and functions to refine a target goal that remains relevant throughout the
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their own duties in playing while mentally maintaining what had transpired at early points in the
collaborative session. Evidence of breakdowns—which are seen as spikes in convergent dialogue
patterns (questioning, justifying and critiquing) —also involved points where the working
concept set is particularly large.

Bass: (attempts singing a riff against a beat the drummer is trying) Lead: I’'m not hearing
that. Did you play that before?

Bass: Let’s do New Metal, this has to be fast

Rhythm: Is it how | was doing bar chords before? (rhythm guitar tries a set of chords as if
trying to come up with a theme)

Bass: Don’t try to do too much, but keep it busy, and swift

Lead: (Lead enters the playing but the notes he tries inserting does not materialize and
the band stops for a moment)

Example 29: Group A - Spikes in convergent talk mark sensemaking breakdowns

The episode in Example 29 occurred 20 minutes into group A’ssecond session, during what was
the early stages of planning and structuring the piece. The bass’s action of proposing an idea
vocally starts off the compositional action. His initiative brings the composition on track and
leads members to communicate via references to persistent objects and their (sonic) properties
and performance qualities. We could describe these as "trying out parts” of the piece. As the bass
succeeds in directing group action he now finds himself in a position with potential of controlling
and producing music. It is not resolved, however, as the complexity increases as other members
try to establish what the bass has proposed. This represents a dense concentration of plan

reference type and divergent action.

In an interview response by one of the Group A members, the bass described the process more
explicitly, and a distinction is made between a deductive approach which uses a logical approach
of composing based on a specific genre or style, and spontaneous action which does not depend
on a specific musical structure.

Sometimes there’s disagreement and you can only argue for so long before it’s like, “ok
this isn’t working” Lets go listen to it and figure it out. You hear it. But | think you got to
get away from it. When you’re playing and then something clicks, even if it’s not for long,
you remember it. When something’s sounds off you hear that too. We always record
what we do and then go take breaks, really listen to it, and you hear what’s good.

Example 30: Deduction versus spontaneity in composing.

In his study of groups engaging in collaborative, creative work, Olsson found that embodiment

was a key feature in sensemaking since it helped the participants to understand the problem and
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experiment with solutions (2013). The awareness of each member was influenced by more than
words, but by gestures as well. Musical gestures and bodily movements of musicians are
associated with the act of making music to work as vehicles of meaning. Although the current
study deals with a different subject of creation, namely music, the use of gesture was a tool often
employed to communicate to fellow members as a way of signaling understanding or agreement.
Such bodily communications have significance in the HCI context, since gestures can serve as a
form of control to interact with a system (Leman, 2008).

(Rhythm guitarist moves the most, hopping up and down and kneeling while playing.
Bass guitarist kicks the air when they succeed in playing a transition correctly.)

Example 31: Bodily gestures during performance (from transcript notes)

Musicological research has often pointed to the importance of corporeal aspect of music, and a
tight coupling between perception and action in music (Sloboda & Juslin, 2001). A central idea
of this model is that the human body supports action causation and perception from a musical
goal to haptic, sonic, and visual energy. This proceeds back and forth via corporeal articulations
(Leman, 2008). A range of gestural communication codes noted the importance of “embodying
the music,” as evidenced by instances of physical movements ranging from head nodding, knee
lifts, sitting or standing, jumping, or subtler acts that were meant for the group to comprehend,

and thus served to move the collaboration forward.

10.3.3 Design for Awareness: Scripts and Timelines

Awareness is a key concept, one where a tension operates between the user’s attendance to the
foreground and the background of the activity. Information technology in this view lies in its
ability to disrupt or destabilize the regulation of boundaries (Dourish, 2006). Persistence of
solutions and related topics of discussion were evidenced to be important to maintaining high
activity awareness and successful knowledge construction during collaboration. Users need a
way of flagging how the current state of the solution has been evaluated. Through a
representation of the “process so far”, users can view information in time-dependent transactions
by group member (e.g., all actions performed by member X to member Y) or by type of
information (e.g., all sections created by member X). A “timeline” is a method of visualizing a
single musical piece from the parametric window based feature and typically include Mel-
Frequency Cepstral Coefficients (MFCCs), and spectral features from the Short-Time Fourier

Transform (STFT) for example. Beat spectrum and spectrograms represent the periodicity and
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relative strength of rhythmic structure and can be derived from the similarity matrix (Cooper et
al, 2006). Other implementations use colour effectively to represent different parts of the musical
texture, or gesture to represent performance data (Isaacson, 2005). Timeline animations are able
to show semantic similarities using similar labels, such as the overall song structures and
arrangement. The complexity of a formal diagram is based on the complexity of the music and
the desired level of granularity. Parallelism in these visual representations can use content
extraction with characteristics of dialogue based on reference lifetimes and frequency values to
represent their importance within the discussion, and their connection to a spectral segments of
solutions. Timelines can also help users to deal with the challenges of role based distribution of
information by allowing information to be filtered based on roles (Noroozi et al., 2013). The
presentation is therefore all important, if this representation is to translate effectively to an
appropriate mental image. In the current context, tools should support persistence of the process
and products of sensemaking by visualizing such pathways through timelines which show,
chronologically, the evolution of how members make sense. Representations of the collaboration
should, therefore, reflect this relevance. Persistent, task-relevant items, are a function of their
frequency at various points along the collaboration. Concepts that have been proposed at the
beginning of the discussion must be persistent and namable since they are subject to continual
revision and subsequent evaluation. Some designs work at embedding various representational
structures to facilitate knowledge sharing. These structures can be represented graphically (e.g.,
digital maps or awareness tools) or textually (e.g., scripts) to guide learners’ interactions and to
co-construct shared knowledge. | discovered that during efforts to support learning tasks, fellow
group members become important learning resources when they contribute unshared prior
knowledge to the discussion, which may eventually be shared after collaboration. As with
findings for similar learning studies, through interacting with one another in Computer Supported
Collaborative Learning (CSCL) and being involved in various social, epistemic, and
argumentative activities, learners could co-construct knowledge that can also be applied to solve
complex and ill-defined problems (Noroozi, et al. 2013).

Generally speaking, as ideas are generated they go through a lifecycle of refinement and
discussion by the group as a way to facilitate their evaluation and inclusion in the finished
solution. It is vital to allow users to manipulate these tentative solutions, and make explicit their

content details as a way of offloading memory efforts that impeded production in the face-to-face
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environment (Cockburn & Jones, 1995). Providing visual representation of prominent discussion
topics provides feedback, and makes more explicit the history of the interaction, products
beneficial for capturing articulation work employed in a shared workspace. A common work area

facilitates group sensemaking through the authorship of common material resources.

10.3.4 Summary of Awareness and Sensemaking

This section includes a summary of Section 10.3 with a description of sensemaking barriers, the
associated cues which indicate the existence of these barriers, and the related design features to

support sensemaking.

Table 11: Affect and Activity Awareness are impacted by disaffective talk, topic cardinality.
Solutions in the form of design features offers affordances specific to each issue.

Sensemaking Language Cues Feature Support Collaborative
barrier Affordance
Affect Positive semantic Cohesive talk Visualize
Awareness sense correlate to Talking off topic Timelines Scripts

positive collaboration

Time-dependent topic Exemplars

Social knowledge cardinality
Activity depends on visceral,
Awareness positional and verbal,

communication

10.4 Language and Sensemaking

| investigated sensemaking in terms of emergent knowledge gaps, and the efforts of group
members to bridge these gaps through their creative efforts. Dervin’s view of information is one
of subjective construction by human observers, which is modified repeatedly according to the
situation, rooting in the constraints of space and time (1999). One goal of the research is to
identify how system features can support collaboration, and this involves identifying points
where activeness may be modulated across a spectrum, between the absence and necessity of
user control. Language and musical activities communicated critical pieces of information
between group members, and provided indications of what group members knew to be true about

their environment. One major challenge in collaborative sensemaking was for the group to
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communicate efficiently high priority information relevant to understanding a particular situation
or fulfilling a shared need. Ambiguity of information formed challenges because different group
members, based on their particular roles and current level of familiarity, might assign different
labels to information. As a strategy to overcome inefficiency in communication, bracketing of
solutions promoted the reuse of solutions, and made available knowledge constructed at prior
points in the collaboration. The creation of new language structures to facilitate sensemaking is
indeed a natural outcome of creative collaboration. This section describes a system
recommendation which utilizes ontology for reifying the normally invisible structure of the
discourse, and therefore provides a ways of structuring the domain and talking about the micro-
world of the composition.

10.4.1  Ambiguity

The use of spoken language, creating temporary works in progress, and gestures were all
important elements in the repertoire of creators when employed as a means of negotiations,
indicating future process, and avoiding conflict. I sought to include how group members
understood the goal at hand, or at minimum, the degree to which the group sought to define the
ideal outcome of the music at the outset. The investigation addressed how satisfied were groups
in keeping the goal ill-defined, and granting this, how were fresh musical ideas evaluated such
that the goals were satisfied. This includes not only the final collaborative product, but
intermittent contributions of each individual. Knowledge gaps formed around the state of
member participation, and state of completion of persistent goals, and were directly affected by
ambiguity.

Three forms of language and correspondence ambiguity were discovered:

1. Ambiguity of output. Provisionality of temporary works and partial “solutions” were
found to be incomplete “works in progress” that participants added to and reused during

the collaboration

2. Ambiguity of language. Terms were found to be confused when multiple meanings

were assigned to words, requiring ad-hoc labelling as part of group communication.

3. Ambiguity of goals. Initiating the problem was often a problem in itself. The open-
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ended nature of the composition meant that participants had to investigate limitations

and possibilities.

Ambiguous information is information that is unclear or that can be interpreted to have multiple
meanings (Weick, 1995). It was during instances where the participants interpreted information
differently that gave rise to breakdowns, and occasions for sensemaking. Ambiguity in a
problem-solving environment can be seen as a beneficial construct, so long as the intent to deal
with ambiguous parameters is communicated to the rest of the group. Ambiguous
communications provide an opportunity for designers to project and reflect (Eckert & Stacey,
2003). Ambiguity in communication arises, not only from explicit communications, but also
from those matters left unsaid. This interpretation is useful in viewing what were breakdowns in
sensemaking associated with concentration of deliberation type communications, coupled with
lack of assessment and verification. Such moments represent collaboration which is essentially
“stuck,” without any clear progress in terms of useful decisions to move the collaboration

forward.

A trend was detected that reveals that the presence of evaluation (convergent) dialogue
corresponds to points where the group contends with disruptions in the clarification of the
problem. Section 9.3.1 describes how, on average, convergent dialogic acts are most prevalent
midway through the session so that there is a spike in frequency of the conversational codes.
Investigation of these segments in the dialogue shows there is a tendency to converse about the
concepts which were introduced at prior points in the collaborative session. In all cases, groups
reach a point of needing to discuss and filter the existing original concept set. In musical terms,
this point may consist of a “seed” or “germinal idea” (Collins & Dunn, 2011), such as for a
melody, or a choice of a chord progression that was introduced prior. References to these
prominent solutions were frequent (Section 9.5.4 - Table 10) and so necessitated assigning easy-
to-remember tags without the use of burdensome, detailed musical descriptions. This process
amounted to establishing an ad-hoc labelling system to reference parts of the problem space, and

is explained in more empirical detail in Section 10.4.2., Bracketing of Cues.

As divergent production dialogue transpires, it is necessary for the participants to work out a
unique set of references to denote both high-level and low-level structural elements of the music.

Ambiguity in language creates potential gaps in knowledge, and breakthroughs happen when
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ambiguity is resolved. Describing his thoughts on the evolution of the composing task, a member
of Group A hints at the need for resolution of competing ideas and clarification of
misinformation:

| was worried at first, how is this going to work. | mean we don’t know anything about
each other, how we play or anything, but you find your groove quick. | found that at
different points there has to be a leader who says, “Ok this is wrong and this is right” and
people just take their cue from that. Of course you have to kind of fall into that level of
comfort.

Example 32: The need for disambiguation

Occurrences of resolving unclear information through group consensus were instances of
“invisible work™ (Schmidt & Bannon, 2013) in group collaboration for two reasons. First,
participants were required to determine the instances and degrees of ambiguous goals and
outcomes, requiring extra communication for consensus. Second, resolving ambiguous terms
again instigated new language requirements to form linguistic labels or a “secondary structure”
to reference working concepts common within the group. This component of collaboration
represents an additional level of activeness required from the participants. Effort which is not
necessarily articulated outwardly is reason to explore these processes further, and provides

potential points of system intervention.

The vignette from the transcript below illustrates an instance where collaborative sensemaking
occurred because of a trigger that invited the need to discuss and resolve ambiguous information.
In the following occurrence from Group B, a combination of musical objects was employed in a
sequenced fashion: starting and stopping a musical phrase or an using an articulation device
against a musical backdrop. However, certain problems arose from confusion around labels. To
confirm his understanding, the rhythm player asks for clarification. However, one piece of
information, namely the duration of the section, was ambiguous because it did not fit with his
understanding of the goal.

Drum: | think we should do that build up for the second part Rhythm: What do you mean
“build up”?

Drum: Ya, do it 4 times. Do that build up thing. Play B on the 4 Rhythm: But, we’ve
already done that build up twice, right?

Drum: You should only play that part one time

Rhythm: | think | get it. Can we try it once just to hear me?

Example 33: Ambiguity blockages give rise to sensemaking
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In sensemaking terms, constructing refers to what is involved in information sharing and the
successive modifications of internal pictures of reality. These loosely-defined strategies are
repetitions of ideas used in the past, or sometimes newly-created because of how the individual
defines the new situation. The individual will implement his or her pictures using behavioural
tactics which are responsive to the individual’s ideas of the situation (Savolainen, 2006).
Ambiguity of information arose because information was spread out across different participants
who might each have a different understanding of the “big picture.” To deal with such
ambiguity, fragments of information needed to be synthesized across different group members to

create a shared understanding of the information available.
10.4.2  Bracketing of Cues

The act of bracketing involved secondary structures: temporary linguistic labels which serve to
organize participant behaviour. Research shows that participants in a recurring activity habitually
create and participate in conversations which simplify interaction by creating expectations in
other participants (Hargreaves et al., 2012; Paul & Reddy, 2010). Faced with a difficult problem,
users often attempt to generate this secondary structure in their interaction to address the
problem. The improvised language is an ad-hoc naming convention, a form of authorship, and a

set of terms to improve group sensemaking in the face of articulation problems.

The process of creating the song demanded that participants continually shift between using
broad information about long-term tasks, and more detailed-oriented knowledge. For instance, a
participant may require information about the overall structure of the song in terms of constituent
parts, to more intricate knowledge of how to execute a melody with another player. Participants
were forced to alternate between attending to their own role and the roles of others, while
coordinating how other members were interpreting the flow of ideas. The following example
from Group B highlights a typical instance of such an interaction:

Drum: You guys want to do four (bars), and then like four and then | come in on the last
one? Rhythm: You can come in, | think

Bass: Wait! | think you know four (points to lead) and then us.

Rhythm: | don't want to make it anymore complicated than that. (long silence) you could
try your high hat though, what's going on with that?

Drum: You want to try it? | know this is bugging you.

Example 34: Relying on cues as communication tools

Participants seemed to extract familiar structures form ongoing experiences as “cues” and these
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cues become seeds from which they developed a sense of what might be occurring. Cues used by
the group posed a challenge during data analysis when the same musical concept was referred to
in a variety of ways. Once cues are extracted, sensemakers categorize or “bracket”, which is to
say, temporarily store these cues such that action may be taken. Individual sensemaking was
aided by noticing and bracketing of cues from a stream of continual experience in the form of
musical, verbal and gestural communication. As time progressed, participants created unique, ad-
hoc labels to describe these temporary solutions which were referred to at a later time. | found
that prioritization of information during the composing activities was akin to noticing and
bracketing of cues during individual sensemaking Each individual group member made
relevance judgments on an ongoing basis: deciding which musical ideas were important enough
to share, for example, or which mistake was significant enough to attempt to correct. Bracketing
of cues was also a social process and it was important for group members to reach agreement on
priorities which were shifted and reorganized. Hence, the structure of the conversation was based
on information and learning needs, and assembling information available across multiple
participants. The distinction between individual and social sensemaking, led to important design
implications for sensemaking tasks.

Bass: It’s just the wrong part. Sorry.

Drum: Let's try and then get the whole ending.

Bass: The whole last chorus right?

Drum: Yes the chorus and then the stop before the ending. We'll start it from the chorus
Bass: Aren’t we starting from the D minor ending on the E chord?

Drum: Ok

Example 35: Breakdown without clearly defined naming convention

Example 35 from Group A above shows a frustrated communication attempt, where abreakdown
occurs from a lack of clearly-defined naming convention: the label used, “ending,” is confused
with the “last chorus” and it is not clear from the language that the two are, in fact, separate. A
reference is made to the beginning of the point of departure, “the E part” and one member has
confused it with the chorus. Clearly, the repetition of music object labels evident in this
interchange indicates a struggle on behalf of some group members to reorient the group around a
plan of playing a particular section. In an RSA analysis framework used in the current study
these appear as two labels used for the same concept. In system design terms, this is a feature of
the dialogue which should be flagged. As the members work to establish common ground, their

efforts failed from an inability to communicate complex musical ideas verbally, coupled with the
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fact that the state of the composition was dynamic, changing on the fly based on what was most
recently played and what instructions were last articulated between group members.

(As playing occurs, the tempo is not correct, off synch and out of key. They then stop.)
Rhythm: But, it would be great if we all came in on the B and the F like (sings)

Bass: Yeah

Lead: Like what?

Rhythm: Like (sings, but much more clear and intentional emphasizing an extended bar)
Bass: Yeah Ok, got ya.

Example 36: Social knowledge creation is dependent on resolution of ambiguity.

In example 36 from Group C, the lack of common language and ambiguity in the terms selected
forced the band to rely on their best state of knowledge, however poor it might be, when the
moment came to execute the plan and carry forward. In essence, the band was forced to act
despite holding only inadequate, fragmented information across group members, with too much
time and attention was being drawn to establishing conventions of reference to what were, it

would seem, relatively short sections of the music.

10.4.3  Design for Language: Ontology

This section describes a system recommendation which utilizes ontology for reifying the
normally invisible structure of the discourse, and therefore provides a way of structuring the
domain, and talking about the micro-world of the composition. Socio-technical systems in the
case of innovation require many detailed design decisions to be made, with respect to links

between constraints on workflows, role authorization, and configurations (Feinman, 2006).

Technologies for distributed environments use the actions of others to be casually observed
without requiring explicit or intentional awareness generating actions (Blomberg & Karasti,
2013). To be able to represent and automatically reason about patterns, ontologies are needed. An
ontology is a explicit specification of a conceptualization. At the very least, an ontology contains
the main concepts and relationships agreed upon by key stakeholders in a particular domain,
arranged in a hierarchy. It is quite common for the same representation to present information
which can be used in a variety of ways at once, although these alternate uses might be difficult to

understand without thorough domain analysis.

Knowledge-based processing techniques and lexical ontology are used for the identification,

delimination, and visualization of the interaction of the voices of collaborators and learners
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(Ferrara et al., 2006). Two major benefits of ontology design are found in the context of this
study. The first benefit is to provide disambiguation to improve communication. In an ontology
design, concepts are capable of being combined with other concepts or parts of concepts, which
means a fairly flexible knowledge representation system is required. Ontologies, by definition,
require consensus on what should be included and how it should be structured, and the
identification of the concepts and relations considered as fundamental. For example, in the
current context, semantic disambiguation was an issue across all groups. Commonly referenced
musical objects are understood conceptually but may be referred to variably: a verse may be
called “section,” “drop out part,” “second part,” “REM thing,” or any variety of labels which
seem to be relevant to the verse at the time. A reference to a desired meter or beat target which is
to be played, in addition to pronoun linking, may also take on different names over the course of
a collaboration without specific disambiguation by group members; the commonality of
references may or may not be understood within the group. The connection between these two
concepts: beat and meter, is implicit in their proximity within the language and are inextricable

from each other in a structural musical understanding.

The second benefit of ontology design is to model the domain as a way of reifying solutions
using an explicit secondary structure. Using concept relationships such as taxonomic inheritance
(which describes general to specific), part-whole, synonym, antonym, and others (Trausan-Matu
et al., 2007) semantics can be applied to content of collaborative discussion. External language
ontologies (WordNet, EDR, etc.) have been used for further “semantic expansion” within
domains which have been modelled for reuse (Lambert & Yu, 2010). Once in place, the ontology
may serve to control interpretation with the goal of formally defining the practice of the
community, and allow for users to create naming conventions and relationships that are
applicable to the problem setting (Malone & Crowston, 1994). The fact that an ontology’s
purpose is to make transparent the conceptual categories and relationships that are deemed
important by a community opens them up for negotiations, thus distinguishing them from more

obscure representations, such as tags.

This abstraction provides a way to apply metrics derived from referential structure analysis and
conversational analysis. The objective is to identify the information pathways within a system

and match the reference types to them. Dialogue characteristics such as references to musical



118

objects, plans, and performance-type concepts are deemed vital aspects of the interaction as seen
in their prominence in collaborative discourse and sensemaking tasks. The ontology conveys
underlying patterns derived from group members, as they undergo realistic scenarios of the
problems and design directions experienced in the collaborative work situation. Since conceptual
graphs have a well-established linguistic foundation, they can be automatically translated into
controlled-language sentences, creating main stores that community members can validate
without having to interpret graphic forms (Ferrara et al., 2006). Content or desired socio-
technical designs of particular collaborative communities can be modelled as collaboration

patterns, which is the aim here.

10.4.4  Design for Language: Inferred Topics

The ability of the system to shift control between the user and system is an extension of findings
that determine moments in the collaboration where participants are impeded by the invisible
work of managing ongoing states of the creation. This research works to identify how system
features can support collaboration, identifying points where activeness may be modulated on a
spectrum both away from and towards user control. In one sense, a continuous level of system
monitoring is required to keep track of the communication state in a distributed collaborative
environment. In another sense, a system should be responsive to identify moments where
summarization and disambiguation can serve as collaborative aids, and require a shift in

activeness towards the system side.

The creation of new language structures to facilitate sensemaking is indeed a natural outcome of
creative collaboration. Dervin’s view of information is one of subjective construction by human
observers, which is modified repeatedly according to the situation (1999). However, the added
work required to first identify ambiguity and manage new structures can impede the
collaboration, and indicates a point of intervention, and increased system activeness. This aspect
is a stark example of invisible work which extends beyond the current context of music creation,
and into domains where factoring and managing resources is critical. A successful system design
therefore depends on accounting for this effort. As an example, examining the content of
discourse reveals that high concentrations of deliberation as a potential cue, and system control
should shift. Inputs such as people, tasks, and technology have a dual impact on group

effectiveness, and to focus on the system as a way to advance understanding is
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counterproductive—the user should take precedence (Dalrymple, 2001). Technology can
influence outcomes directly, by changing the ways that group members interact with each other.
For example, groups are generally better able to complete a well-defined task, because it is easier
for them to figure out and evaluate solutions based on strict criteria (Avouris et al., 2003).

In the computer supported collaborative work (CSCW) domain, researchers have developed
technologies to reduce interruption among team members which may impede effective traversal
through the problem space. Identifying intense collaboration zones works by extrapolating the
concepts of personal and social knowledge-building to a finer grained dimension of individual
utterances. Cohesion is the bridge between utterances, enabling information transfer and
cumulative knowledge-building from personal and social perspectives (Trausan-Matu et al.,
2012). Techniques like scheduling conventions, which distinguish between quiet times when
communication is discouraged, and interaction times, when communication within the group is
permitted (Pickens et al., 2008), is a cohesion-building process. A collaborative scenario
contains verbal communication in the form of either text or speech, and holds clues to topics of
interest, extracted from the discourse in the form of concentration metrics. Language processing
on the snapshots from the content feeds—including summarization techniques, hypernym
augmentation, or generalizing words into more generic terms, and classification based on
machine learning (Uthus, 2013)—may take into account such referential dimensions as lifetime,
frequency and density, listed in increasing order of importance. Such processing is useful to
identify concepts of value to the collaborative session. Concepts from content feeds may be
assigned importance based on the computed. Technologies for theme identification and text
mining architectures (Semeraro et al., 2009) operate as a “sniffer,” examining messages sent
between participants in the chat. It is responsible for identifying them against terms present in a

domain ontology.

In the current case, the study applied manual methods to determine topics which were persistent
and instrumental to the collaborative performance at various points. Automated methods may
mimic this process through subject/topic detection, term weighting, and features describing broad
and narrow segments of the collaboration. These techniques are akin to the indexing,
summarization, and similarity algorithms which are applied to static documents (Trausan-Matu
et al., 2012). Similarly, relationships between text and concept utilize similarity function based

on existing semantic hierarchies, such as WordNet, and unsupervised clustering based on feature,
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Rocchio’s and Bayes’s scores, prototype-like vectors to represent texts and concepts (Lew,
2006). In the current design, the dynamic characteristic of group discourse introduces a
variability of topics and hence topical priority in reference to their relevance to the group’s goals.
Modifications to automation may therefore depend on training classifiers within time specific
segments. This particular form of discourse-based automation utilizes the concept of “segment
vectors,” which includes variation of term-based classification with an additional feature to
describe the chronology of the context. Hence, data structures represent a time frame of the
discourse. The benefits of this model is that, given a training set of discourse data, including
features described RSA features, multi-label classifiers may predict topics and critical points in
the collaboration. This output allows users to adjust the work accordingly.

10.4.5 Summary of Language and Sensemaking

This section includes a summary of Section 10.4 with a description of sensemaking barriers, the
associated cues which indicate the existence of these barriers, and the related design features to

support sensemaking.

Table 12: In summary, ambiguity and bracketing were language issues discovered in
problem solving during group collaboration which map to a set of observable cues. Solutions
are achieved with ontology, NLP and knowledge networks.

Sensemaking Barriers Language Cues Design Feature  Collaborative Affordance
Ambiguity Work to resolve  Non-normalized | Ontology Disambiguation of
references Self-labelling knowledge net  natural language
Reifying a
communitv’s
Bracketing  Maintaining Persistence of Inferred topics perceptions of a piece
beneficial unique ltems with NLP of work
“chunks” of Capturing solution
collaboration context rationale
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10.5 Collaborative Learning and Sensemaking

The first corollary question proposed in Section 6.0 is the following: How can we make visible
the process of collaboration activities to facilitate learning, and to track ownership of media
items through metadata? This current section looks at the phenomenon of learning processes
which take place, both in the individual and between peers. From this, technology features are
discussed which aim to support key aspects of learning that is so integral in the collaborative

creation of music.

Studies of information seeking and sensemaking have found that group members’ roles are
important for how information is found and shared in creative problem solving (Campbell,
1995). At various times, members displayed differing levels of expertise to help the
collaboration progress. The definition of “domain experts” can be regarded as those who have
specialized domain knowledge, and can help those lacking expertise in that particular setting
(Pickens et al., 2008; Prigoda & McKenzie, 2007). In a study assessing learning outcomes of
school pupils, Rosen (2014) identified key tools to gauge computer-supported collaborative
learning (CSCL) outcomes, and the relation to collaborative problem-solving abilities, namely
outcomes of establishing and maintaining shared understanding, of taking appropriate action,
and of establishing team organization. Findings in the current study, point to how collaborative
work and problem solving depend on team organization based on well established task roles.
Group members coordinated work, developed and designated tasks, assumed individual

initiative and navigated the problem space.

The current study has added to everyday information behaviour findings which shows how
experts prevail: experienced members of the group served as valuable information sources for
those with less experience (Kostagiolas et al., 2015). They encouraged group management
conversations by including subjects of their own: friends, books, films, current events,
community information. In the musical context, role names can fluctuate, being either based on
the instrument (guitar, drums, bass, rhythm) or on the implied structural hierarchy of the music
itself (lead, groove, rhythm, background), with each member focusing on needs in relation to
performing a particular song segment. Hence, each member had a different understanding of the
situation, or current plan, at any given point. This layering of knowledge complicated the

situation since in addition to concurrent, relevant plans, different levels of internal
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representations of those plans exist. Experiential differences and background knowledge
therefore necessitate an uneven demand on resource requirements within the group. | translated

these particular knowledge gaps to a lack of expertise.

Together with fragmentation, and lack of immediately accessible resources, the lack of expertise
has been found to be an important trigger for collaboration during information-seeking and
sensemaking activities (Karunakaran et al., 2013; Paul & Reddy, 2010). While role-based
information led to lack of adequate information being available, sometimes adequate information
was, in fact, accessible, but also hard to understand because of the lack of a particular skill set.
Such instances triggered a common response of instruction between members. This instruction
took the form of critiquing and group management dialogue. A member might not understand
what the others were asking, or comprehend the requirements but not be able to technically
execute the required music. At this point effective collaborative cooperation was required
through functional dialogue. Someone would need to either volunteer time to help the others
understand the problem in more detail, or more rarely, the group was willing to change their
ideas because of the difficulty in actually playing it. Thus, the group could make transitions
between stages of the collaboration without mismanagement. Example 37 below illustrates how
even role-based distribution of information led to an occasion for collaborative sensemaking.

Rhythm: We do a stop right? And then we all riff back together. And then we all riff with
you and then go to the ending.

Lead: Oh no | can’t. I don't know that one.

Drum: Me neither

Bass: It’s because you didn't cue us in right, you didn't give us some indication that we're
all supposed to end.

Example 37: Assumed leadership

This short excerpt shows where the members are willing to take direction from a member
(rhythm player) assuming a temporary role in the group as an unofficial leader. In this case, a
blockage occurs as a result of not being able to continue without instruction from a particular
team member, who was not apparently aware of his or her instructional duty. Instances of peer
instruction were often associated to performance reference types, where conversation consisted
of grounding type dialogue between two members. Power relations and their connections to
knowledge were identified by noticing how blockages were overcome through dialogue and its
use in transferring performance knowledge. These issues were decisive for the speed of

composition, since collaboration came to a halt from lack of performance knowledge, and also



123

inability to recall prior plans. The next episode, Example 38, demonstrates again how knowledge
roles influence compositional processes. In this particular episode are illustrations of a number of
the phenomena presented: compositional and personal actions, leadership, and peer teaching, all
of which depend on responsibilities.

Rhythm: can you play something less frantic? (Everyone is playing a little bit now. Drum
responds and plays the “big E song” rhythm. Lead has turned away from the rest of the
group, seemingly uninterested in what is going on.)

Bass: | think you can go like this. (He vocalizes the rhythm three times) and not very hard.
Drum: With the floor tom?

Bass: You have to play it in twos. (Drum plays)

Rhythm: That's it, a little softer. You have to stop complaining (Lead turns towards the

group)

Bass: Complaining? (questioningly).

Rhythm: Come on, play it Drums: ...two times?

Lead: Yeeees! (shouts, he has been watching with increasing impatience) Rhythm: Let’s
try everything again. Never mind him.

Example 38: Assumed leadership
In the episode in Example 38 from Group C, it is evident that the rhythm is trying to exert
leadership. He acts according to a plan: playing something less frantic. The others accept and
support the rhythm’s leadership, even though the bass seems a little confused and uncomfortable
as he is restricted between the power exchanges. The situation turns negative, and frustrating for
the lead player who shouts in frustration. It is simple to point to bass as the “villain” here as he
appears to interfere with directed learning. But then again, to this point, he has taken the lead as
the expert in the composition, given that he had been directing the group and creating the
prominent solutions to this point in the session. The power aspect of this act of producing
knowledge, i.e., making progress in the creation of a piece of music, is evident in the
relationship between the drum and the drum and rhythm. To a large extent, it is the dynamics of
the relationship between group members which defines what happens and what does not happen.
The power relation between the lead and rhythm in this episode prevents efficient peer teaching
from taking place with regards to playing. As seen in early sections, peer teaching can be
observed recurrently in compositional processes. But it is a delicate thing, in the sense that
personal actions and power issues can prevent it from happening.

Work groups that are functionally diverse have a large stock of ideas to draw upon and they

have differences in assumptions that allow them to generate more creative solutions. A
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disadvantage to this approach is that it is difficult for individuals of divergent groups to share a
common enough language to communicate different values and beliefs about what is important
(Paul & Reddy, 2010). On average, groups do better than their individual members on many
tasks. But the extent to which they exceed the capabilities of individuals, and the processes by
which they achieve this success, depend upon the characteristics of the task. Concentrations of
solution generation dialogic acts can uncover tasks facing the group. Successful sensemaking is
demonstrated through highly proportionate occurrences of the mutual grounding type acts such
as questioning and responding. This dialogic feature points to healthy levels of reciprocity
during instances of successful sensemaking—standing in sharp contrast to unsuccessful
instances. In the latter case, these cases were marked by lower occurrences of questioning talk
(i.e., approximately half), the implication here being that unsuccessful sensemaking between
group members was because of nonreciprocal interactions throughout the process.

Researchers developing collaborative learning tools have emphasized that there can be several
kinds of roles in collaborative learning tasks (Paul & Reddy, 2010). In LIS, the concept of
learning is situated around the acquisition of knowledge, ways of organizing and storing
knowledge—and helping others learn from knowledge. Resolving information needs in a
sensemaking problem involves building a bridge through probing and testing information as
possible solutions (Dervin, 1999). The process of encoding retrieved information to answer task-
specific questions, forms a learning loop complex: a multistage process in which the user can
gather found information and encode it to a representation or frames (Weinberger et al., 2013).
One or two group members were often tasked with routinely reminding the rest of the group
about decisions regarding these properties, which were apt to become lost within sideline
discussions.

Lead: “Ok, let us try the beginning again, | start” (two guitarists watch carefully what
happens)

(Drums have started to play the rhythm softly while lead is playing. He plays

slightly louder when the bass comes in, and now it seems to work, but the lead raises his
hand to signal he should stop or wait.)

Example 39: Top-down task delegation

Peer teaching occurs in this excerpt from Group A. The drum senses the lead needs support with
the rhythm and acts accordingly without using any verbal instruction, just supporting of the

lead’s melody. The rhythm does not yet understand what contribution is required, and his way of
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evaluating the situation likely has to do with whose turn it is to play, rather than what is needed
to help. Lead then acts skillfully in the sense he has a degree of authority over the work and
social competence to reject the rhythm’s reaction as misguided. It is interesting to notice that this
communication process happens mainly through musical and kinetic dialogue rather than verbal

discourse and interaction.

10.5.1  Design for Learning: Frame-based Communication

The third corollary question posed in section 6 reads: How can we make the products of
collaboration reusable for collaborators? Here in section 10.5.1 | discuss how design features
can mirror the way knowledge frames are constructed and reshaped during collaboration.
Sensemaking stresses that representations are important for integrating new incoming
information into existing categories in a top-down process. Conversely new data can work to
expand knowledge frames in a bottom-up, data-driven process. From the data/frame notion of
collaborative sensemaking which I use in my analysis, describes the primary function of frames
is recognition, to guide attention to fill in missing parts of the frame, to test a frame by searching

for diagnostic information.

In studies in collaborative information seeking and collaborative learning systems where the
users’ information needs may be adjusted based on the group to which he or she belongs (Erkens
et al., 2005). In the data/frame theory, frames are things that you think with but also things you
think about (Pirolli & Russell, 2011). A goal of the collaboration tool is to examine discourse,
and this aspect of the tool has broader application in learning environments. As described in
Section 10.2.2, extraction of key dialogue features is an advantage of NLP tools to achieve this
goal, and to implement services that aid the group processes. Technology can play a variety of
roles in collaboration and learning, by chunking useful portions of the collaboration, providing a
visual representation of the task or the product on which the participants are working. Making
these salient to the group, i.e., improving awareness, increases participation in an argumentative
discourse; to make defensible claims and to test the claims of others, provoke mental activities
social interactions (Dillenbourg & Traum, 2006; Fischer, 2011; Goodyear et al., 2014). Discourse
structuring technologies, such as frame-based communication, take as their point of departure the
fact that the collective interoperation of an artefact or idea is invariably accomplished through

discourse, or the exchange and conversation around a subject (Feinman, 2006). The belief is that
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discourse as the basis for computational support is intuitive to end users in two respects: as the
means of data capture, and in subsequent reuse of solutions, given predictable problems.

Qualitative findings regarding leadership and learning have important implications for the design
of collaborative information retrieval tools for supporting collaborative sensemaking.
Information must be distributed based on roles. The learning process is an intrinsic part of the
collaboration, since feedback from others and musical refinement occurs continually following
its assessment against prototypes. Studies about the connection between learning and
sensemaking have proposed methods to understand the degree that individuals retain and form
new knowledge (Copland, 1952). Wilson & Wilson (2013) analyzed the degree of learning
through simple fact and statement counting, and breadth and depth of topic coverage comparing
low and high prior knowledge. Likewise, the current study relied on summarizing verbal cues to
identify concepts that form the description of knowledge gaps and targets how group members

work to resolve them.

Sensemaking structures which simplify the coordination of a conventional behaviour can be
codified into artifacts, whether conversional, procedural, or instantiated as physical objects
(Shum & Selvig, 2000). There is evidence that a discourse structuring scheme can work to
reduce the complexity to help participants to tackle an ill-structured problem systematically.
As framing the problem is witnessed to be important to prioritization and group learning,
processes should allow interaction to make this activity explicit through the use of
communication-based frames. Coordinating artefacts presents a way for participants to
organize their behaviour, by expectations of roles and actions, through partially structuring
actions. Effort required to perform a collaborative task is reduced by the introduction of
conventions for conversation, teaching, and action. Using a system analog of the sensemaking
space allows any representation of these literal elements which form the components of the

problem.

An example of frame-structure is itinerary data that represents content of the dialogue as an
external record offloaded onto the system (Klugel et al., 2011). Free-form text columns
correspond to reference type. For example, a task field can organize task referents; the
properties column gives users a place to put instance information, separated out to encourage

users to enter information in a structured fashion, or to be populated automatically from
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communicated dialogue. Structuring dialogue based on present participants and directed
communication can be made explicit through a structured interface widget (Trausan-Matu et
al., 2007). The role of external artifacts in coordination interaction is to simplify the team work
of participants, rather than to directly affect the task (Feinman, 2006). Coordinative structures
such as these function as community-specific solutions to recurring problems in coordination
of talk or action, for example who is permitted to speak next, what to do when welcoming a
new participant, a person, or other common situations (Malone & Crowston, 1994). This
situation creates expectations in the participants of a joint activity but does not determine the
activity completely. By organizing task behaviour and providing expectations about the
behaviour of others, conventions can form a strong basis for establishing common ground and

reduce the articulation work necessary to perform a tasks.

Another frame application is situation-oriented/prototype frames (Weinberger et al., 2013).
Similar to using exemplars as way of invoking emotion, musicians referenced terms such as
familiar bands, or other allusions, to communicate goals and increase affect awareness. For
instance, when they referenced tonal properties “Joy Division all the way” (Example 2) they
were identifying a prototype of equivalence, and connecting it with prior knowledge. Situating-
oriented frames are designed to help to understand information both during routine and
problematic situations—though it was those “problematic situations” which gave rise to
sensemaking. The persistence of provisional/temporary solutions over time could serve as
templates for reuse, which rely on bracketing to denote key pieces of group dialogue. Each group
demonstrated a behavioural pattern of repeating predictable problem-solving strategies arising
from routine situations, for instance, deciding on certain repeatable elements song structure, a
progression of chords, or a melodic line. In the same way, communicating suggestions often
involved invoking terms or labelling used in previous points in the collaboration. Whether a
piece of information was relevant and hence important enough to share was often a crucial
decision made by each member. For this reason, an important aspect of collaborative
sensemaking was the prioritizing of certain shared pieces of information as relevant. However, it

was often challenging to judge what those pieces were.
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10.5.2  Design for Learning: User Profiles

As outlined by this investigation of CSCW, one key component of the awareness dimension
described in Section 10.3 is the knowledge participants have of members, as well as key abilities
and properties that serve important functions in their participation. As Koh (2013) asserts in her
conclusions of studying youth information creation behaviour, information professionals should
meet youths’ needs by providing education to create reliable information, to build upon others’
work creatively but legally, and to help others to disseminate their own creations throughan

appropriate path.

Users’ expertise, appropriate roles, and experience can be answered through public musical
profiles stored within the system and made available to co-collaborators. This user data, in the
form of hierarchical data of expertise, background, interests, behaviour, provides explicit
information for each user, and tracked in order to associate ownership of particular media with a
user (i.e., improve data provenance) (Li et al, 2011). Also, it allows data of past conversations
and contributions to be captured, and improves informational awareness from other participants
(Paul & Reddy, 2010). When members of a learning group are not fully aware of other members’
expertise, they may exhibit a lack of trust, for example, by ignoring or disregarding information
submitted by their learning partners. Portfolios can be used to represent one’s own and learning
partners’ expertise in the encoding process, coupled with interaction between group members. In
turn, sharing one’s own knowledge and externalizing others’ knowledge allows group members
to judge and evaluate the trustworthiness, accuracy, and credibility of their learning partners’
knowledge (Noroozi et al., 2013). Collaborative music software design, as with environments
used for any joint authorship of creative works, should strive to negotiate the existence of

privacy boundaries as well, and reflect privacy requirements as communication within the group.
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10.5.3 Summary of Learning & Sensemaking

This section includes a summary of Section 10.5 with a description of sensemaking barriers, the
associated cues which indicate the existence of these barriers, and the related design features to

support sensemaking.

Table 13: In summary, learning and sensemaking can be improved with features to support
the use of secondary language structures through frame based communication and user
profiles. In addition to improving awareness, these features organize solutions.

Sensemaking Barrier Language Cues Feature Support Collaborative
Affordance

Roles assume Secondary language Frame based Reuse of solutions

expertise structures communication given predictable
problems

Learning key to Cohesive talk: User Profiles

collaboration grounding and Make expertise of

checking other collaborators

explicit

10.6 Discussion Summary

This study offers important contributions to the conceptual understating of collaborative
sensemaking by providing insight into the occasions and characteristics of collaborative

sensemaking. In summary:

1. Creative work can be understood in terms of ill-defined problem-solving. It follows
predictable pathways where the persistence of namable objects is key for collaborative
sensemaking. Capturing dialogic data based on what concepts are most pertinent for the user
could help to focus on production and generation of ideas, rather than group management

goals.

2. Meta-notations should be robust enough to capture discussions for subsequent reuse, yet
plastic enough to allow negotiation over the meaning of ambiguous or controversial

elements (Buckingham, 2001).
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. Awareness both of affective understanding and ongoing activities should be accurate

and prompt for collaboration to run smoothly

. Ambiguity of information, marked by ambiguous labelling of solution instances taxes
users. One reference type takes on a series of different labels, and misunderstanding of
short-term plans create knowledge gaps which trigger searching for appropriate knowledge

representations.

. Resolving ambiguity can be accomplished by integrating domain ontology in the system.
Chat sniffers and other language tools can model the domain, and automation offloads the

work that impedes collaboration

. Secondary language structures and bracketing are formulations which achieve
collaborative breakthroughs, and serve as knowledge representations to make prior

solutions reusable.

. Uneven distribution of expertise leads to certain members contributing more than other
members do. This means collaborative systems should support communication structures

which facilitate peer-learning.

. Information distribution and awareness, in particular, knowledge of peer expertise and
collaboration roles can be very helpful to group collaboration. Users of collaborative
technology should be allowed access to this through user profiles to store prior work

and publish annotations on created resources.
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Chapter 11

11 Conclusion

This thesis examined collaborative sensemaking as part of collaborative activities. As articulated
in my original research questions, the goals were to provide a conceptual understanding of
sensemaking, and inform insights about design features that can support sensemaking in CSCW
systems. Sensemaking has been a useful model for understanding information behaviour in a
variety of domains, including the creation of music. The study of non-work collaborative
information behaviour is a relevant area of study, from the point of view of designing systems for
supporting collaboration and communication across virtual spaces. Appropriation and control
schemes for the authorship of shared artefacts, and the compositionality of objects in
collaboration allow group members to organize a common document corpus. The current study
addressed the lack of a general understanding of how leisure activities, reside along the

continuum of user control versus system control.

Three innovative outcomes were achieved from this research. First, it was theorized that in
addition to general models of collaboration, this study could expand the state of knowledge by
relating how language patterns provide insights into sensemaking, and function in the co-
construction of knowledge. Second, quantitative models which target language using dialogue
features could further refine the exploration of music making. This study bridged patterns of
language usage with the products of sensemaking by focusing on a niche, non-work environment
and user type. Third, given the inherent problems with indexing and searching for music content
online, the thesis followed the recommendations of existing research, which has forwarded the
idea of intervening at the creation stage as way to harness useful metadata. The detailed use of
conversation data was found to provide solutions to that problem, giving fine-grained description
of musical data itself, and the functional contributions of the creators at various points in the

development of collaborative products.

Sensemaking difficulties and breakdowns in face-to-face collaborative work are indeed manifest
when considering the demonstrable patterns of communication, and the propensity to adopt
predictable cycles of generating and deliberating about solutions. Identification of important

factors in this process: problem-solving, awareness, language and learning were findings used to
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propose system designs. These design features aimed to integrate existing insights and
technologies from the HCI domain, and employ them to address the problems gleaned from the
empirical data. User-oriented design was a priority in the experimental design, which included
examining the users’ natural behaviours in an environment unencumbered and unmediated by
technology. The results of the study make important contributions to the theoretical and technical
understanding of collaborative sensemaking. This section lists these contributions and discusses

ideas for future work.

11.1 Contributions

The first question | set out to answer in my thesis was the following:

1. What are the communication patterns of collaborators and how do these patterns affect

sensemaking of musicians in the act of creating music?

People collaborate to find, retrieve, and share information to fulfill a shared information need.
Understanding the information found can be a challenge for collaborators due to various reasons.
My study of the non-work practices of experienced musicians in a informal composing
environment found that ambiguity of information, role-based distribution of information, and
lack of expertise influenced the ability of users to collaborate. Ambiguous information is
information that is unclear both in terms of specific word sense, but also in terms of the goals,

evaluation criteria, and anticipated outcomes of an ill-structured problem.

Three important characteristics of collaborative sensemaking emerged from my study,
specifically concerning the prioritization of relevant information, following problem-solving
pathways, and relying on activity and affect awareness. First, an important aspect of group
sensemaking is prioritizing of incoming information was way of reshaping representations and
useful for organizing new data. Difficulties arose in collaborative activities because different
group members have access to different pieces of information, and might understand the
information differently based on their roles and expertise. Information is uncovered in the course
of generation, evaluation, and revision, and being able to assign priorities to information pieces
according to the changing context of the problem is challenging. Second, problem-solving
pathways emphasize the temporal nature of collaborative sensemaking. The products of group

collaboration are passed on across time and individuals need to be exposed to the methods and
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products of others” work to traverse this space successfully. Finally, making sense of the
connections between the actions of various group members with respect to long-term activities is

important for sensemaking outcomes.
The second question posed at the outset was,

2. How can the determination of these patterns inform the design of an effective

Computer Supported Collaborative Work (CSCW) system?

| hypothesize that various views of information presented to users in the course of using
information tools can provide support for sensemaking during different parts of a collaborative
task. Problem-solving pathways can be supported by making temporary solutions persistent and
visible in the form of timelines and features from chat discussions. Ambiguous information that
transpires during group interaction can also impede problem solving. This problem necessitates
the need for natural language processing techniques to summarize discussion segments,
disambiguate terms, and help define and describe the domain. Prioritization of information can
be supported by allowing users to comment on, organize and annotate segments of the
collaboration. Furthermore, tracking and storing user contributions via profiling is a useful
solution, since it makes details about the users, level of expertise, interest and specialties
available to peers who wish to collaborate. However, preserving security privacy are two critical
considerations that should always be addressed in any information system which seeks to
regulate how personal data is gathered and disseminated between users. There is a considerable
tradeoff and many inherent risks involved in using such profiling data, and design solutions

should always be made with the users’ best interests and safety in mind.

This research contributes to three academic research communities: computer-supported
collaborative work (CSCW), musical instruction and learning, and information sciences. The
CSCW community has been concerned with understanding and supporting people’s collaborative
activities in both professional and personal domains. This research extends the current
understanding of sensemaking in collaborative activities by highlighting its social and
interactional aspects. However, these results need not be tied to only one domain. Indeed, open-
ended, creative problem solving is a factor in many creative fields and areas of learning.

Sensemaking has been an implicit aspect of information seeking studies for many years;
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however, few studies have explicitly examined the interactions of musical creators in order to
extend these findings to other non-work domains. | chose combined methods: referential
structure analysis and conversation analysis, both of which have proven to be successful tools to
aid in the design of groupware. In the present case, they were useful in assessing patterns of

information behaviour in a direct way, and may be useful in subsequent design studies.

| also presented a conceptual framework for collaborative sensemaking that focuses on the
occasions and characteristics of collaborative work as part of a cyclical process loop, where
maintaining states of temporal solutions is integral. The study extends important CSCW concepts
like problem-solving pathways and awareness by focusing on the role these play in sensemaking.
This thesis moves forward the research in a broad range of domains by emphasizing design
features that can be used to support sensemaking in collaborative information retrieval tools. It
also brings to light the design challenges that developers face when supporting sensemaking-

enhancing features in such tools.

Finally, this research makes an important contribution to the information sciences community.
Understanding information behaviour has been a long-running theme in the LIS field. Music as a
form of non-text information, imparts challenges regarding how to describe its many semantic
and content-based features. As part of MIB and other forms of life information studies, this work
reinforces the idea of intervening at the creation stage as a way to provide detailed, rich
descriptions of content, thus making it traceable and searchable in a digital environment.

11.2 Study Limitations & Future Work

Throughout the description of my Research Methods (Chapter 7) and Data Analysis (Chapter 8),
| noted several key decisions which necessarily limited the work in several respects. These
decisions made the work partial in the sense that they restricted the scope of the study to the
content of the data being analyzed, the type of variables introduced in the task and environment,
and the target population of the study. These limitations are reviewed here.

First, there was the decision of made to study amateur rock bands, rather than more professional
groups of musicians. This choice of course restricts the outcomes in various ways. The genre of
music, rock, tends to undergo a compositional process which is distinct from other forms, such as

ethnic folk music, jazz music, or classical. At the same time, it is a genre which tends to



135

welcome collaboration. Although the findings described here may not be generalizable across
musical forms, they do present ways of considering collaboration of other creative acts not
necessarily music related. The convenience and opportunity of examining amateur rock

musicians has produced rich outcomes for further exploration into the phenomenon.

Next, there were limitations regarding the type of communication being analyzed. Again the
decision to limit the research to studying verbal natural language over other modalities, such as
gestures or musical output, meant that important factors were excluded in place of those more
easily traceable. Since the focus of the study was on language specifically, language-based
technologies, and the relationship to sensemaking routines meant that other communication
forms were set aside for the time being. However, in subsequent research more focus may be
placed on analyzing those communications which did hint at being significant factors in
collaborative work. These include gestures and non-verbal communication such as music that
seemed to indicate ways that participants could establish common ground and translate complex

ideas efficiently to one another.

As mentioned in Section 8.5, a shortcoming of the current study was that | was not able to
perform inter-coder reliability and thus had no way of confirming that the instances of RSA
reference and conversation codes | identified would be the same as those noticed by other coders.
This shortcoming could be alleviated through coding a small subsection of the transcript, rather
than the entire data, to achieve an satisfactory inter-coder agreement rate between multiple
coders. | did perform the coding process to a point of saturation on the data, meaning no new

categories, references or examples emerged from the raw data.

Follow up research will involve implementation of the system. Certain areas of difficulty,
addressed in the data analysis require modification in a practical application. The problems
inherent in processing natural language is the first of these issues. My approach of manually
examining conversational data provided the human reasoning that is not fully replicable in
automated tools. The goal of automation is a system able to identify and classify parts of the

discourse according to their concept category, property and type.

Conclusions about information complexity and simultaneity were difficult to demonstrate

quantitatively. The co-occurrence of relevant topics in the participants’ discussion could not
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easily be ascertained from the clustering charts or by metrics, but only by attending to chunks of
the collaboration as a whole. This was an important finding, addressed in Section 10.3.2 as
“cardinality”, which is the existence of concurrent, relevant discussion topics in a particular time
segment. More sophisticated automated language processing techniques could address this is in
future system development, which could aim to map overlapping lifetimes, taking into account a
representation of the entire chat content. Analysis of overlapping features, for example, through
cluster analysis of RSA references that share common lifetime and density ratios, make it
possible to draw conclusions about the commonalities of language features. Ratio values seemed
to loosely correspond to the structural hierarchy inherent in the products of collaboration. The
method may generalize to other domains as well, so that summarization of natural language in a
collaborative chat can be used to draw conclusions about the content of work and which concept
groups were assigned to the content of the solution, and at which times. Highly concentrated, but
briefly relevant (high lifetime to density ratio) form clusters, and inspection of these data reveal
other semantic commonalities as they pertain to domains outside of music. Making these
groupings salient in use-case scenarios is important as a real-time feedback output stream for
collaborators, as they seek to understand the legacy verbal problem solving process and its role

in generating solutions.

At a higher level of abstraction, | was also able to identify conversational types such as
elaboration, evaluation, and deliberation. Automating the categorization of conversation types in
an actual implementation would require the assistance of sophisticated language tools, scaled
back to a certain degree to allow for a basic prototype system to be developed. Another major
area not addressed in the current research is that of user evaluation. The system proposal is based
on a single-pass assessment of user needs. What remains is feedback from the target users to
determine both the level of acceptance of the system, and how best to improve the design. The
task of coordinating user input in the form of both talk and musical communication in a single
system, while at the same time managing an on-screen interface, poses difficulty over and above
the problem of managing standard synchronous interaction. Addressing this issue would be the

primary focus of a future user study.

A final drawback of the current study was the absence of statistical linkage between the data

collected, the conversation codes and reference types, and a measure of their utility in
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overcoming blockages in collaboration. Although classifying sensemaking instances as either
successes or failures is a difficultand ill-defined target, such an effort would nevertheless
strengthen the findings, and help avoid conflating anticipated observations with actual empirical
evidence. Several previous studies which have analyzed group collaboration for design (Tan et
al., 2014; Rosen, 2014; Collins & Dunn, 2011; Paul & Reddy, 2010) have employed assessment
as their point of departure for research. This is promising since it frames observational results
along a positive/negative continuum regarding the facilitation of sensemaking. My future work in

this area will build on these studies by employing similar methods of statistical analysis.
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Appendices

13.1 Group A Dialogic Acts

Table: Group A dialogic acts for totalled over Sessions 1, 2 and 3. Data based on
transcript text and field observations to categorize speech and behaviours according
to Generation, Evaluation, Management and Revision Instances, and their subtypes.

éGroup A Dialogic Acts Frequency by Time

: Time (min) 15 30 45 60 75 20 105 120
éGeneration (Divergent Production Dialogue & Action)
| Epistemic 3 8 5 16 5 7 14 4 58
Concrete 9 7 3 7 6 3 8 8 51
Total 12 15 8 23 11 10 22 8 109

EEvaIuation (Convergent Production Dialogue & Action)

Critique 2 8 3 4 14 4 3 13 51
Justification 4 2 2 5 12 6 8 15 54
Checking 2 6 5 11 7 12 10 7 60
Total 8 16 10 20 33 22 21 35 165

éManagement (Reflexive Dialogue & Action)

Regulation 9 8 7 5 8 15 8 7 67
Grounding 6 10 12 10 7 4 7 7 63
Affective 3 12 5 9 5 7 17 5 63
Disaffective 3 2 6 2 8 8 3 14 46
! Total 21 32 30 26 28 34 35 33 239
éRevision (Elaborative Dialogue & Action)
. Highlevel 8 19 14 3 12 10 12 4 82
Low level 14 3 6 5 15 16 17 14 20
TOTAL 22 22 20 8 27 26 29 18 172

All 63 85 68 77 99 92 107 94 685




13.2 Group B Dialogic Acts

Table: Group B dialogic acts for totalled over Sessions 1, 2 and 3. Data based on
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transcript text and field observations to categorize speech and behaviours according
to Generation, Evaluation, Management and Revision Instances, and their subtypes.

EGroup B Dialogic Acts Frequency by Time

Time (min) 1530 45 60 75
éGeneration (Divergent Production Dialogue & Action)
éEpistemic 3 2 5 6 11
Concrete 10 12 14 15 3
éTotaI 13 14 19 21 14

EEvaIuation (Convergent Production Dialogue & Action)

Critique 2 0 7 4 8
éJustification 4 3 4 5 12
Checking 2 6 5 8 5
Total 8 9 16 17 25

EManagement (Reflexive Dialogue & Action)

éReguIation 9 3 3 4 2
éGrounding 2 7 10 7 2
éAffective 8 6 6 7 5
%Disaffective 2 0 3 4 4
éTotaI 21 16 16 22 13
éRevision (Elaborative Dialogue & Action)

High level 3 12 4 2 12
éLow level 2 5 6 15 2
TOTAL 5 17 10 17 14

Al a7 56 61 77 66
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13.3 Group C Dialogic Acts

Table: Group C: dialogic acts for totalled over Sessions 1, 2 and 3. Data based on
transcript text and field observations to categorize speech and behaviours according
to Generation, Evaluation, Management and Revision Instances, and their subtypes

éGroup C Dialogic Acts Frequency by Time

;Time (min) 15 30 45 60 75 20 105 120
éGeneration (Divergent Production Dialogue & Action)

Epistemic 2 2 7 1 17 4 4 1 38
éConcrete 1 2 14 15 3 3 10 8 56
Total 3 4 21 16 20 7 14 9 94

éEvaIuation (Convergent Production Dialogue & Action)

éCritique 2 12 3 7 10 2 4 4 44
%Justification 4 4 9 10 16 8 8 7 66
éChecking 2 2 6 16 12 8 8 4 58
éTotaI 8 18 18 33 38 18 20 15 168

éManagement (Reflexive Dialogue & Action)

Regulation 3 7 8 2 7 9 5 14 55
Grounding 6 5 6 8 14 12 5 5 61
Affective 5 3 13 2 2 5 9 2 28
éDisaffective 2 0 2 1 4 2 9 18
Total 16 15 16 13 27 26 19 30 162
éRevision (Elaborative Dialogue & Action)

High level 6 16 0 8 18 3 20 2 73
Low level 13 1 16 6 14 4 12 16 82

Total 16 17 16 14 32 7 32 18 155
Al a3 54 71 76 117 58 85 72 1158
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13.4 Interview Questions

1) Can you recall when you first began writing songs? How did it happen?

2) What kind of progression did you experience playing with your bandmates?

3) Please describe in some detail the process by which you write music.

4) Towhat extent do you use a deductive process in composing, or is a spontaneous process?

5) Are there particular emotional states that motivate you to write?

6) What individuals or experiences have had the greatest impact on your music?

7) What do you do when something is not working right, like when you hit a roadblock? How
do you deal with that?
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13.5 Consent Form

Music creativity support
Niall Conroy (Ph.D. candidate)
Faculty of Information and Media Studies, UWO

The purpose of this letter is to provide you with the information you require to make an
informed decision on participating in this research.

Purpose of this Study

You are being invited to participate in a research study looking at Creativity and Music
composition at the University of Western Ontario. It is the intention of this study to examine
how musicians compose music in a group setting.

Who is eligible to Participate?

You are eligible if you are older than 18 years of age and currently enrolled in an
undergraduate program at UWO. Participants should be experienced musicians and have
3+ years performing and playing music as part of a group ensemble.

Research Procedures for this Study

If you agree to participate, you will be observed during 3 rehearsal sessions within a
rehearsal venue, as well as one short interview with the primary researcher. Each rehearsal
session will be video recorded and the interviews may be audio recorded. The time of the
rehearsals will be arranged with other band members in order to not conflict with your current
schedule. A total of 15 people will be participating in the study.

Voluntary Participation

Participation in this study is voluntary. You may refuse to participate, refuse to answer any
questions or withdraw from the study at any time. Please note that it will not affect you in any
way if you decide that you do not want to participate; or decide to withdraw part way through
the study.

Inquiries and Risks

You are free to ask questions about the study or the questionnaire at any time. Contact Niall

Conroy at | or Phone . There are no immediate risks involved
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from participating in this study. Participation in the present study does not hinder your ability
to participate in other concurrent studies or in future studies about creativity and composition.
You do not waive any legal rights by signing this consent form.

Benefits from the Study

There are no known benefits to you from participating in this study. However, your participation will help to

gain insight on the creative process of group songwriting.

Confidentiality of Information

Information that is collected during the study will be stored securely in the office of (Niall
Conroy, ) and will be destroyed following the completion of the study. The data
will be made available from the principal researcher as part of a submitted Phd dissertation,
but no individual will be recognized by name. If the results of the study are published, your
name will not be used and no information that discloses your identity will be released or
published without your specific consent to the disclosure.

Compensation

You will be compensated in the form of a gift certificate for your participation in this study.
Consent to Participate

| have read the Information Letter, have had the nature of the study explained to me and |
agree to participate in the study. All questions have been answered to my satisfaction.

Name (please print)

Participant's signature Date

Name of person obtaining informed consent

Signature of person obtaining informed consent Date
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Contact

If you have questions about this study, please contact Niall Conroy by phone at 5|}

B o by email at

If you have questions about the conduct of this study or your rights as a research subject you
may contact:

Office of Research Ethics
The University of Western Ontario
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13.6 Ethics Approval Form

i':'u

o R |

i v
W estern
Faculty of
Information and
Media Studics

Ethical Review of Research Involving Human Subjects

All non-medical research involving human subjects at the University of Western Ontario is
carried out in compliance with the Social Sciences and Humanities Research Council Guidelines
(2010). The Faculty of information Media Studies (FIMS) Research Committee has the mandate
to review minimal-risk FIMS research proposals for adherence to these guidelines.

2012 - 2013 FIMS Research Committee Membership

1. R. Babe 7 H. Hill

2. A. Benoit (alt) 8. A. Quan-Haase
3. J. Burkell (Chair) 9. D. Robinson*
4, E. Comor 10.  C. Whippey*

5. A. Hearn (alt) 11. L. Xiao

6, P. McKenzie (alt)

Research Committee member(s) marked with * have examined the research project
FIMS 2012-13-023 entitled:

Exploring the use of artificial intelligent (Al) conversational agents for library
services to specific user groups

as submitted by: Victoria Rubin (Principal Investigator)
Niall Conroy

and consider it to be acceptable on ethical grounds for research involving human subjects under
the conditions of the University's Policy on Research Involving Human Subjects. Approval is
given for the period to 30 June 2013.

Approval Date_-8 April 2013

Jacguelyn Burkell, Assistant Dean (Research)
/FIMS Research Committee Chair

The University of Western Ontario
North Campus Building, Room 240 * London, Ontario * CANADA - N6A 5B7
PH: 519-661-3542 + F: 519-661-3506 * www.fims.uwo.ca



Name:

Post-secondary
Education and
Degrees:

Honours and
Awards

Related Work
Experience

VITA

Niall Conroy

The University of Western Ontario
London, Ontario, Canada
1994-1998 BSc Computer Science

The University of Western Ontario
London, Ontario, Canada
2007-2009 MLIS

The University of Western Ontario
London, Ontario, Canada
2009-2016 Ph.D. Library & Information Scienc

Christopher Dixon Memorial Scholarship (2010)
WGRS Graduate Student Scholarship (2009)

Research Associate
The University of Western Ontario, London, Ontario
2013-Current

Teaching Assistant
The University of Western Ontario, London, Ontario
2009-2011

Web Librarian
Toronto Public Library, Toronto, Ontario
2011-2012

Information Management Consultant

Bank of Montreal, Toronto, Ontario

General Dynamic Land Systems, London, Ontario
2007-2008

Academic Instructor
Career Essentials, Barrie, Ontario
2002-2007

IT Supervisor
UNESCO, Windhoek, Namibia
2000-2002
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