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Abstract

Software applications have the potential to expand the design capabilities of novices. Adequately lever-
aging these software applications, however, can be prohibitive for novices as the input that software is
designed to accept and understand is restricted. Novices must be able to adapt their intended input
according to the software’s constraints: condense it into the limited input modalities supported by the
software and translate it to the software’s internal language. The burden and learning curve of this
process introduces an additional barrier to entry for novice designers. Consequently, novices rarely reach
the potential that software applications grant. This thesis proposes a high-level approach to lower this
barrier: support multimodal input natural to novices, but computationally map the multiple modali-
ties to enable design tasks through the software. Through this approach, novices can leverage multiple
modalities to exibly express themselves without considering how to map their input to the software’s
accepted input. By extracting and combining the rich information embedded in it, the multimodal data
can be transformed into interaction widgets that a ord the software’s design tasks. In this thesis, |
present techniques for applying this approach with multimodal input of voice and clicks, and mapping
operations according to temporal and contextual dimensions. Then, | present two interfaces that em-
ploy these techniques to facilitate two design-centric tasks involving novices: asynchronous Ul design by
collaborative student teams, and website styling by end-users.

Keywords Human-Computer Interaction, Multimodal Interaction, Voice User Interfaces, User Interface
Design, Natural Language
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Chapter 1. Introduction

Software applications have expanded the capabilities of designers. Design applications empowers
users with sophisticated tools that perform intricate manipulations to streamline the design process. For
example, users can easily crop out objects from images by simply clicking on objects using the magic
wand tool in Adobe Photoshop. Beyond easing the process, programming code and software engines have
allowed designers to create new types of interactive and dynamic artifacts that would not be possible
in the physical world (e.g., websites and video games). Further, by connecting designers distributed
across the world, communication applications such as instant messaging or video conferencing allow
designers distributed to share knowledge and collaborate|unbinding the design process from time- and
spatial-related limitations.

While software extends the limits of what designers can create, it also limitshow they design.
Speci cally, how the user interacts with the software and, in turn, designs is dependent on what input
the software is designed to accept and understand. The constraints the software imposes on input can
inhibit designers from taking full advantage of the software's potential.

1.1 Constraints on Input

Software constrains input in two main dimensions: the modalities and the software's language.

1.1.1 Modalities

Modalities refers to the input devices and the accompanying data that novices can transmit to the
software. In the physical world, designers can communicate with great expressiveness and exibility
through a wide variety of modalities such as speech, gestures, and expressions. While there are various
input devices that support this diversity of modalities (e.g., microphones, video cameras), the keyboard
and mouse are the most commonly accepted devices. Thus, most software support the modalities a orded
by these devices: typing and clicks. To communicate through software, then, designers must condense
the ample expression possible in the physical world to one that can be communicated through these two
modalities.

1.1.2 Language

In addition to modality restrictions, software is limited by the language it uses and understands.
Rich applications may contain a diverse array of features, each with its own name, parameters, and
form of function. For users to adequately leverage these features, they must learn this language|what
features exist, what they do, and how to use them|and design according to it. This is the same case with
programming-based design|the user must be able to read and write the coding language. While software
can ease and extend designers' abilities, its potential is dependent on the designers' understanding of the
relation between their own language and the software's language.



1.1.3 Impact on Novices

Due to the input constraints, designers must be able to condense and translate their natural expres-
sion into the software's modalities and language. While experts learn to adapt their input, for novices
who are additionally inexperienced with the design process, this can be an unforgiving barrier. Limited
modalities can make it challenging for novices to express themselves accurately in their teams [1, 2] and
solutions require e ortful workarounds (e.g., taking and sharing multiple screenshots in a chatroom).
Due to the richness of features and support, the internal language of software can be incredibly vast [3]
with learning curves that can be prohibitive for novices. Therefore, while computer software have the
potential of enabling anyone to learn to become a designer, this potential is rarely reached due to the
limitations imposed by the software itself.

1.2 Thesis Contribution

This thesis aims to overcome the constraints imposed by software on the design process of novices.
Instead of requiring novices to adjust their input to match the software, this thesis investigates how to
support the modalities and language that are natural for novices. However, as the software was not
designed for the novices' desired form of input, it cannot adequately a ord for design tasks through the
input. For example, communicating through voice messages may be more comfortable for novices but
there is no support for searching for design information in audio recordings, or it can be easier for the
novice to explain the task they aim to perform but the software will not understand their goal.

This thesis contributes a high-level approach to bridge this gap: support natural input through
multiple modalities, and computationally map them against each other to enable designing through
the software. Multiple modalities grant greater expressiveness and exibility to novices, while also
providing the software with more interaction data. The approach of this thesis proposes automatically
processing and combining this rich multimodal data to produce interaction widgets that a ord for the
intended design tasks. In a sense, the interaction widgets act as a membrane between the novices and
the software|bridging the capabilities from both sides.

The thesis contributes the application of this approach in two design-related contexts: (1) asyn-
chronous collaboration of novice Ul design teams, and (2) website styling by end-users. In both contexts,
the approach was applied on two lightweight modalities, voice and clicks. Two dimensions for mapping
the modalities were investigated: (1) temporal, mapping data from the modalities that co-occur in
time; and (2) contextual, mapping the intended meaning behind the modalities' input. The technical
contributions are the following:

1. Temporal Mapping

(a) Technique to extract bidirectional links between audio and design artifacts by temporally
mapping the user's voice and click input.

(b) Interaction techniques that facilitate navigation through and within audio messages.
2. Contextual Mapping

(a) Computational pipeline that processes a user's spoken request and the design artifact clicked
to recommend plausible design edits that can satisfy the user's intentions.

(b) Interface that supports exploration and iteration of style edits on live websites.



In addition, the thesis contributes ndings from controlled user studies that demonstrate the bene t
and advantages of the proposed technical contributions:

~ Findings from a qualitative study that demonstrate that voice and clicks, and the temporal mapping
of these can decrease burden for senders and receivers in asynchronous communication.

" Findings from a between-subjects study that reveal how novices can familiarize themselves with
and perform design tasks through the contextual mapping of voice and click interactions.



Chapter 2. Related Work

This thesis aims to tackle challenges related to constrained input when interacting with software
during the design process. The thesis primarily builds upon prior work on two related elds: computer-
mediated communication, and natural language interfaces.

2.1 Computer-Mediated Communication

Computers can constrain the communication between humans according to three main factors:
expressiveness, contextuality, and timeliness.

2.1.1 Expressiveness

Due to the limited expressiveness of text, a rich body of work has investigated how to incorporate
more expressive modalities and multiple modalities into communication support systems. Incorporating
voice or speech is a common approach due to the expressive nuances it possesses, such as intonation and
loudness [4]. For example, \voice comments" have been integrated into a variety of popular applications|
such as Microsoft Word [5] or Google Docs through third-party plugins [6]|and, to deal with their
slow speed of consumption, multiple systems have been designed to automatically transcribe [7, 8] or
summarize [9, 10, 11] voice comments. Beyond voice, SketchComm [12] increases expressiveness in
ideation by providing a shared canvas onto which designers can freely interweave audio, photo, video,
and hand-drawn sketches to express their ideas. Similarly, RichReview [13] and RichReview++ [14]
record voice annotations alongside ink and pointing gestures on a tablet to allow collaborators to discuss
around a document as they would with a physical document if they were co-present. Other work such
as Video Threads [15] relies on video and audio as the main components of communication by allowing
users to create threads of video messages, and FamilyStories [16] incorporates voice and physical actions
to kindle a feeling of togetherness between family members distributed in place and time. As seen, prior
work investigated how to incorporate more expressive and diverse modalities in computer-mediated
communication. In addition to exploring how integrating the modalities of voice and clicks can enhance
expressiveness in the design process, this thesis investigates how these can be combined to also facilitate
communication.

2.1.2 Contextuality

When collaborating around a shared document, it is essential that the communication of the team is
contextualized with the document to better maintain a shared understanding [2]. An essential aspect to
this contextualization is e ective referencing of items in the document. However, while referencing items
or sections of a document can be as simple as pointing in a F2F setting, this task becomes challenging
and complex in online situations [17]. The user must provide detailed descriptions or rely on workarounds
such as taking screenshots to adequately express the context and prevent confusion. To reduce the cost
of creating contextual references, several systems have been designed to facilitate this process in diverse
application scenarios. For discussions surrounding multimedia, Korero [18] supports referencing through
linking to multiple portions of a video and, on the click of a button, Snapstream [19] instantaneously



creates annotatable snapshots of a live stream. In a di erent domain, systems like chat.codes [20] and
Callisto [21] have also been developed to support communication between programmers by enabling
“pointing' to code segments in chat interfaces. Instead of incorporating the document context into the
communication channel through referencing, an alternative method to contextualization is to anchor the
communication on the context itself. For example, the tools by both Churchill et al. [22] and Zyto et
al. [23] allow for anchoring discussions on speci ¢ locations in text documents. Similarly, LemonAid [24]
anchors question-and-answering communication on Ul components of a web application to allow the
answerers to provide more contextually adequate help. This thesis investigates how multiple, co-current
input modalities can be merged to support both forms of communication contextualization: referencing
and anchoring.

2.1.3 Timeliness

A major bene t of computer-mediated communication is that it supports asynchronous collabora-
tion, allowing parties to discuss without being temporally co-present. However, the delays in communi-
cation can have negative repercussions. For example, previous work has demonstrated that delays can
hinder productivity of teams and cause social rami cations such as team members more negatively judg-
ing their fellow team members [25] and the overall task [26]. It has also been shown that communication
delays can increase communicative burden on both sending and receiving parties. For receivers, browsing
through the large amount of messages left when they were away can involve signi cant e ort [27] and,
for sender, thinking about the burden placed on receivers can cause them to abstain from communicat-
ing [28]. The detrimental consequences of delays in communication has motivated multiple researchers
to design interventions to mitigate these. For example, Avrahami and Hudson [29] devised a noti cation
system which distinguishes messages that require the user's immediate attention, and Pielot et al. [30]
identi ed features that could predict a user's attentiveness to text messages, which could help manage
expectations regarding response times. However, if the message receiver is certainly unavailable, these
approaches will not su ciently address existing challenges. This thesis proposes interaction techniques
that allow senders and receivers to use multimodal input to more easily produce and consume messages
in asynchronous communication.

2.2 Natural Language Interfaces

Novices struggle to translate high-level design goals into software operations due to the vocabulary
problem [31]|the language used by the user and the software do not match. Thus, empowering users
to be able to design by simply stating their high-level goals has been a long-standing goal for HCI
researchers. In this section, we cover natural language interfaces that aim to accomplish this in three
di erent types of tasks: (1) help-seeking, (2) designing, and (3) coding.

2.2.1 Help-Seeking with Natural Language

To bridge the gap between their language and the software's, novices can rely on external support
by asking through natural language. While search engines partially satisfy this need, they are unable
to adequately understand user's needs or consider their speci c context. Thus, a line of work has
investigated how to connect novices to human helpers instead. Codeon [32] and MicroMentor [33]
connect a novice developers and 3D modelers, respectively, with remote helpers who can provide rich and



synchronous assistance. Similarly, a body of work investigated how crowdworkers could be employed as
assistants. Apparition [34] and SketchExpress [35] employs crowdworkers to generate user interfaces from
the sketches and spoken descriptions that the user provides. However, this type of human support incurs
a nancial cost which may not always be practical. Instead of relying on human helpers, ReMap [36] and
RePlay [37] instead rely on existing online help resources. Both systems consider the users' application
context to provide adequate tutorial videos according to the users' natural language search queries.
Beyond help-seeking, this thesis and the other lines of work covered below aim to allow users to directly
perform tasks using natural language.

2.2.2 Designing with Natural Language

Due to the richness of the support they provide, various natural language interface have been de-
signed to facilitate the use of the diverse features in design software. For example, Query-Feature
Graphs (QF-Graphs) [38] and CommandSpace [3] jointly modeled natural language descriptions with
feature names in design applications (e.g., GIMP and Photoshop) to help users identify features based
on their needs. Other systems support the use of natural language concepts to search for design refer-
ences or components|images [39], graphic designs [40], or 3D models [41]. Beyond searching, several
systems generate design artifacts (e.g., images [42] or icons [43]) based on the semantic meaning of words.
Leveraging whole expressions instead of only words, Crosspower [44] and PixelTone [45] decompose ex-
pressions into operations for animation authoring and image editing, respectively. This thesis expands
on this line of research by investigating how natural language expressions can be mapped against users'
clicks to support design editing in the context of web pages.

2.2.3 Coding with Natural Language

A crucial step in programming is coding|writing instructions in the form of machine-readable syn-
tax. To lower the barrier to coding, substantial e ort has been dedicated to bridge natural language
and complex programming languages [46]. For instance, researchers have used semantic parsers [47] and
bimodal models [48] to map natural language to code. Such techniques enabled systems that allow novice
coders to quickly search for code snippets [49, 50], and non-coders to code small programs by demon-
strating and describing tasks [51, 52]. Beyond mapping, a line of work has also developed techniques
that take natural language as input and generate codele.g., Python [53, 54], Bash commands [55], SQL
queries [56], or API calls [57]. Recent advancements in natural language processing (NLP), and especially
in large language models (e.g., GPT-3 [58]), have led to performance boosts in natural language-based
code generation [59]. OpenAl's Codex [60], a GPT-3-based model, is able to generate basic games from
a few natural language sentences [61]. In this same line of research, this thesis investigates how to lever-
age NLP models to interpret novices' intentions expressed in natural language intentions to facilitate
designing through CSS code.



Chapter 3. Winder

3.1 Introduction

Teams commonly collaborate around a shared visual document (e.g., user interface (Ul) design or
presentation slides). This is an essential process in both the workplace and academic settings. For produc-
tive and successful collaboration, frequent communication is necessary to develop a shared understanding
between team members [62]. However, for teams of students, communicating e ectively and e ciently
can be challenging. Students are generally novices who lack the design knowledge necessary to express
themselves e ectively when discussing their design. Additionally, di erences in course schedules and the
lack of shared o ce space frequently restrict them to collaborate remotely and asynchronously [63].

Communication-related burdens introduced by an asynchronous setting can discourage students from
discussing with their teams. Most asynchronous communication channels rely on text (e.g., text messag-
ing and Google Docs' comments [64]), but typing involves high physical and cognitive demand [65]. Also,
although e ective referencing is essential in developing a shared understanding [2], text makes referring
to visual objects in the document challenging|as pointing while typing is impossible. Unfortunately,
students may lack the knowledge needed to overcome the restrictions of text [66].

Furthermore, regular scheduling issues between students [67] may prevent them from frequently
checking on their team's messages and documents. This introduces a signi cant delay in communication
and team members' communicative needs may not be satis ed in a timely manner. In addition, when
students do check on messages, they may have to look through a large volume of messages [27], and
references might not be adequate as the objects referenced may have changed after the messages were
sent [21].

As shown by our formative study, feeling uncertain about receiving a response on time, and the afore-
mentioned burdens when producing and consuming messages may lead to communication breakdowns
in student teams [68]. Although professional teams have organizational support to handle these break-
downs [62], instructors may be ill-prepared or time-constrained to adequately provide similar support to
students [69].

In this paper, we propose a novel way of communication with multimodal messages of voice and
clicks|referred to as linked tapedas an alternative form of asynchronous communication. Linked tapes
are multimodal messages created by simply speaking whilpointing at relevant visual objects through
clicks, interactions which could require less e ort when compared to typing text messages. When a tape
is produced, the current version of the document is stored to preserve the temporal context of the tape
to enable change awarenesg70]. Additionally, bidirectional links between objects and voice snippets
are automatically generated by temporally mapping the modalities onto each other (Fig. 4.1). With the
voice-to-object link, playing back a voice message can display relevant objects to allow the receiver to
e ortlessly understand the references in the message. With the object-to-voice link, selecting an object
of interest can lter through numerous voice messages to retrieve only those relevant to the object and
facilitate the receiver's navigation. The ease of producing linked tapes with the multimodal input and
the support provided by the bidirectional links can vitalize communication in asynchronous teams and
improve a shared understanding.

We actualized communication based on linked tapes inVinder, a plugin for the collaborative Ul



Figure 3.1: Winder allows for communication through linked tapes|multimodal recordings of voice and
clicks on document objects. Winder supports three features for tape understanding and navigation: (a)
highlighting objects on playback of voice recordings, (b) inline thumbnail images of objects on automatic
transcripts, and (c) search of recordings based on objects.

design tool Figma. The plugin leverages the linked tapes' bidirectional links to implement three main
features: (1) highlighting on playback (Fig. 4.1a), (2) inline thumbnails on transcripts (Fig. 4.1b), and (3)
object-based search (Fig. 4.1c). In addition, Winder also aims to tackle the problem of communication
delays. The plugin periodically prompts the user to produce linked tapes with the goal of preemptively
obtaining information which may be needed by team members in the future. Tape-based communica-
tion could lessen the burden imposed by this approach|the e ort of producing and consuming many
messages. Thus, the drawbacks can be outweighed by the potential gains in shared understanding.

To investigate the e ect of Winder on the collaboration process of asynchronous teams, we conducted
a ve-day study with eight teams of three students (N=24). Teams were tasked with designing the Ul
of a mobile application, which helps friends decide on what and where to eat. On the rst day, they
discussed ideas as teams and, on subsequent days, each team member worked on the design on di erent
time slots. Our ndings showed that the participant teams produced an average of 13.13 tapes and that
the average tape length was 53.27 seconds. Analysis of survey responses revealed that, when compared
to text messages, participants felt less burdened producing linked tapes due to the ease of speaking
and clicking, and felt more con dent that their messages would not be misunderstood. Participants
also expressed that bidirectional links facilitated navigation through and within tapes, as well as their
understanding of these tapes. Furthermore, the study results suggest that tapes recorded preemptively
could allow for communication at hand without having team members at hand.

Our work contributes a novel multimodal asynchronous communication tool, Winder. Through
lightweight interactions in production (i.e., click and voice) and bidirectional links for consumption, the
system advances work in asynchronous communication by simultaneously decreasing burden for both
senders and receivers|previous work facilitated either but not both. Furthermore, reducing at-the-
moment burdens allows for an approach to tackle communication delays that would previously be overly
burdensome: prompting users for preemptive recordings to satisfy future communication needs. As a
secondary contribution, we present empirical ndings that demonstrate the potential of Winder to reduce
bilateral communication burden and overcome the detriment of delays in student teams.

3.2 Formative Study

To understand the challenges in communication between team members collaborating on a visual
document in an asynchronous setting, we conducted semi-structured interviews with 10 undergradu-



ate students. We focused our investigation on student teams as they frequently collaborate asyn-
chronously [63] and their collaboration experiences are meaningful as they allow for the learning of
collaboration skills crucial in the workplace [71]. Additionally, student teams have little or no support
available to handle the challenges of asynchrony|unlike teams in the workplace that may have work ows
(e.g., Scrum [72]) or managers [62] in place to facilitate communication.

3.2.1 Interviews

We recruited a total of 10 undergraduate students (seven females and three males) at a technical
university in South Korea. All participants had participated in at least one team project in their most
recent semester in which the team members collaborated asynchronously on a visual document (e.g., Ul
design or presentation slides). We conducted one-hour long interviews in which participants were asked to
re ect on their asynchronous collaboration experiences by freely looking through the previous interactions
they had with their teams (e.g., chat logs or documents created). The interview questions mainly focused
on three aspects: (1) what communication needs did students have while working asynchronously; (2)
how the asynchronous setting a ected their achievement of these needs; and (3) how failing to achieve
their needs could impact their collaboration process.

Loss in Shared Understanding Led to Reworking or Subpar Outcomes

Initially, interviewees met synchronously with their team members through video conferencing
tools|due to the COVID-19 pandemic|to discuss goals, tasks, and the assignment of these tasks.
These discussions usually lasted approximately one hour and served to establish a shared understanding
within the teams. After these discussions, each team member worked on their assigned tasks on their
own time while communicating through familiar text messaging applications (e.g., Facebook Messenger).
As the state of the visual document evolved with each member's contributions, interviewees frequently
needed communication within their teams to understand what had changed and why. However, due to
issues related to the team's asynchronous setting|which we discuss below|this communication would
frequently not take place, which deteriorated the shared understanding of teams. As a consequence,
work on the visual document would progress with misunderstandings remaining, which meant some
team members had to redo their work later on or the team's outcome would be unsatisfactory. This
nding parallels insights on remote work by Olson and Olson [68]|when building common ground, ef-
fort is required to resolve misunderstanding and, if this e ort is too high, people may proceed without
resolving them.

Burden When Producing and Sending Messages

Team members maintained a shared understanding by sharing progress updates or by asking ques-
tions about each other's work, but the process of producing and sending these messages was burdensome.
Particularly, typing text messages required signi cant e ort, especially when the message was referring to
an object in the visual document. To prevent confusing team members, interviewees dedicated additional
time thinking of how to write these messages and, in some cases, expended e ort taking screenshots of
the objects. In addition, interviewees also considered the perspective of team members on the receiving
end when sending messages. Interviewees did not want to disrupt their team members and they also
recalled on the burden they themselves had previously felt when receiving messages. Social costs related
to the e ort of producing messages and consideration of others when sending have also been identi ed



in online question and answering [28]. Due to the social costs or burdens, interviewees frequently hesi-
tated to produce and send a message, or even completely withheld from doing so. However, unlike the
professional teams studied by Bj rn et al. [73] that faced similar challenges, students had no managerial
practices to encourage them to communicate despite the burden they felt.

Burden when Receiving and Consuming Messages

As mentioned previously, interviewees also felt burdened when they were on the receiving end of
a message. Due to their schedules and priorities, interviewees were not able to frequently check their
team's messages. This meant that, once they were ready to work on the visual document and check
messages, they would be faced with a large amount of messages. Signi cant e ort was required to read
through all these messages and to understand them, if the messages were not clearly written or su ciently
detailed. If they were unable to read through all the messages, interviewees tried navigating through
them to nd useful information. But, as all messages are presented in the same way in text messaging
applications, distinguishing important information within these messages was challenging. These ndings
are corroborated with those reported by Zhang and Cranshaw [27]. Thus, collaborating asynchronously
placed communicative burdens on not only the sender but also the receiver.

Waiting or Working with Limited Understanding due to Communication Delays

Even if the interviewees overcame the burden of producing and sending a message and asked their
team members about their work, team members may not be available to provide an answer. As the team
members were working asynchronously, immediate responses to messages were the exception and not the
rule. In these situations, some interviewees waited for a response, which could be frustrating and stall
the team's progress. Other interviewees worked on the document with a limited understanding, which at
times led them to redo their work later as it had been completed with a misunderstanding of the team's
goals. Therefore, communication delays impacted the overall productivity of teams as they either halted
the e ort of team members or caused e ort to be wasted.

Our ndings expand knowledge on the challenges of remote and/or asynchronous collaboration
by revealing di culties specic to the context of students collaborating asynchronously on a visual
document. We gained the insight that team members refrain from communicating in an asynchronous
setting due to their own burden and the possibility of burdening their team members. Therefore, to
develop and maintain a shared understanding in teams, reducing the e ort of producing and consuming
messages is crucial. With these communicative burdens reduced, we hypothesize that preemptively
asking team members to explain their work while they are working can increase team productivity
despite communication delays. If the explanations are created in advance, team members would not be
a ected by other members being unavailable to provide explanations as the explanations would already
be at hand.

In accordance to the insights from our formative study, we set the following three design goals:

DG1: Facilitate the production of explanations and referencing of objects in the visual document.

DG2: Support navigation to required explanations, and the understanding of the explanations and
their context.

DG3: Preemptively obtain the user's explanations of their work and decisions while they are
working on the visual document.
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3.3 Winder

To instantiate our design goals, we rst establish a concrete context regarding the type of team
and task we aim to support. We consider temporary teams in which members have vastly di erent
schedules|e.g., student teams or cross-institutional research teams. These teams have no set commu-
nication practices, which can lead to unclear and infrequent communication, and are unable to allocate
substantial blocks of time to work synchronously. In terms of the task, we focus on Ul design. Unlike
other visual documents like presentation slides that may incorporate signi cant amounts of text and
have inherent structures (e.g., slides are in chronological order and usually have titles at the top), Ul
designs are highly visual and open-ended in terms of structure. While we believe in the generalization
of our design goals, setting a concrete context allows us to design more e ective support.

Based on this context and our design goals, we preseWinder (Fig. 3.2), a system to support the
asynchronous communication of team members collaborating on a Ul design document. Winder is a
plugin built on top of the collaborative interface design tool Figma. Figma [74] was chosen as the base
for our plugin as it is a free service that sees widespread use, and for its exibility with regards to plugin
development.

Figure 3.2: Winder (right) is shown on top of the Figma Ul design document. The main components
of the plugin's interface are (a) the top bar, (b) the list of linked tapes, and (c) the transcript space.

3.3.1 Overview of the Plugin

Winder supports asynchronous communication throughlinked tapegmultimodal recordings of voice
comments and clicks on Ul design objects. The plugin's screen consists of three main components: (a)
the top bar, (b) the list of linked tapes, and (c) the transcript space. The top-bar (Fig. 3.2a) contains
the \Record" button, which the user clicks to start a recording, and a timer, which alternates between
states|i.e., \Time until Recording”, \Recording" or \Playing". The list of linked tapes (Fig. 3.2b) shows
all the tapes recorded by a team, grouped by the days in which they were recorded. Each tape entry
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