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Evaluation Report

Goals of User Study

The highlevel goafor our study is to understand what users need in order to achieve effective
collaboration on diagramming tasks. We presuppose that tools are the biggest limiting factor when it comes
to collaboration, and we aim to use this study to both validate pposition and gain further insight into
diagramming worlflows. Gaining insight into what types of diagrams are used most frequently also allows
us to narrow our scope in terms of the diagramming activities we want our system to support.

The high level gals of the study were to identify:

How often users aneequired to do collaborative diagramming
Whattypesof diagramming they do, arvahy

Whether they requireollocatedor remote collaboration

Whether theyrefer doing collaborative diagramming

What the like anddislike about their current tools

What concrete tasks they perform when working collaboratively

ogkwnNE

Rationale for Methods Used

We chose to use a questionnaire and an interview. The questionnaire was chosen because it would
quickly give us answergthe first five of our highevel questions (see "Goals of User Study"), and because
it is an effective and rapid method for collecting quantitative data. Users are also more likely to participate in
a questionnaire, as it only requires a small amoutitnef on their part.

In the interview, we were looking to get more detailed information about both the interviewees'
guestionnaire answers, and to gain a deeper understanding of what their diagrammifhgpwyorkat
concrete tasks they execute, etc. Témisstructured format was appropriate because we could not anticipate
all the questions that should be asked, prior to conducting the study. The interview provided us with a chance
to clearly identify what the major hurdles are in terms of collaboratolmcated diagramming.

Participant Pool

Questionnaires

The participant pool consisted of five user groups:
1st/2nd year computer science students
3rd/4th year computer science students
MSc/PhD computer science candidates
Individuals working in the softwa industry

We chose our participant pool to include a broad range of experience levels to assess the validity of the
following hypothesis:
Experienced users create diagrams more often than novice users, and in general, they create
diagrams collaborativiy.
Our intention was to correlate experience level with degree of collaboration on diagrams, and either disprove
or lend support to our hypothesis. This information would allow us to focus future studies down to the
specific user groups that diagram cbieatively most often.
73 questionnaires were sent out, of which 40 were received fully comp{@taahf the 40
guestionnaires received, 4 were 1st/2nd years, 27 3rd/4th years, 1 graduate student and 10 individuals
working in the technical industry.



Interviews

Unlike the questionnaires, which spanned a broad range of user expertise, our interviews focused on
professionals and advanced students. We interviewed four people, including two MSc/PhD students and two
industry professionals. We chose thipeoach because our questionnaire results showed a higher prevalence
of collaborative diagramming among graduate students and industry professionals, and as such we felt they
were more representative of the type of user our system would support.

Brief Overview of Study Protocol

Our study consisted of a questionnaire and a-sémétured interview. We wanted to determine our
target audience, understand their needs, and see whether olavieiglesign idea would be applicable
given their needsWe used bth similar and complementary questions in the interview and questionnaire to
allow for triangulation.

Questionnaire (see Appendix A3 for transcripts

The main goal of the questionnaire was to solicit the information above from a wide audience,
includingundergraduate students, graduate students, and professionals. We wanted to correlate experience
level with frequency of collaborative diagramming. This would answer the question of whether more
experienced users collaborate more frequently than less expedi users.

The guestionnaire was administered through Google Docs. We felt this was appropriate and
understandable by our subjects, given that we knew ahead of time they hadedrage proficiency in
computers software.

Interview (see Appendix & for transcripts

The interviews were conducted eoB-one in a sersstructured fashion, in any convenient location,
following a set list of questions (see Appendix A2). The length of the interview was roughly 20 minutes.
Many of the questions in the imigew were the same as the questionnaire, in order that the results from both
assessment types could be triangulated. However, we allowed some deviation from these questions in the
interview in order to get more depth on current practices that we wereumafy

At the end of each interview, we communicated our design verbally to our study participants. We
avoided mentioning our intended design direction until the end of the interview, to avoid biasing our
interviewees during the interview. We used gelnteirans to describe the idea, with no reference to specific
interface implementations. Communicating the Higlrel concept was relatively easy because: a) our
participants were familiar with the domaim, (they regularly used UMike diagrams) and b) &y were all
familiar with the concept of muHtiouch tables.

Summary Reporting of Results

Questionnaires

All 40 questionnaire respondents had previous experience with diagvdhes) asked to rank their
usage of four standard diagram types, users chiviedd the kind they use most frequently, followed by
flow charts, entityrelationship and data flow diagrams (see Appendix Al.b figure 2).

Despite the fact that UML is the most frequently used diagram type, users felt least proficient in it
(see AppendiAl.b figure 3). This could be due to several reasons, such as the complexity of diagramming
rules for this type, the tools available to support it, etc. This is an important area to investigate in future
evaluations, and is discussed in more detail irctmelusion section of this document.

We did not find that users had a preference for a specific type of diagramming tool (see Appendix
Al.b figure 4). However, we allowed users to select more than one tool, which could be the leading reason to



the balaned data. This question should have been followed up with: ‘what is your preferred tool' which
would allow us determine what tool is more desired than others and why.

Our study indicates that in current practice users work on diagrams collaborativelyirmppety
40% of the time (see Appendix Al.b figure By comparison, 68% of usepseferworking on diagrams
collaboratively (see Appendix Al.b figure 6), and we feel this indicates the possibility of obstacles to
collaborative diagramming.

By categoriing users into three main categories: novice (1st/2nd years), intermediate
(3rd/4th/graduates), and professionals (working in industry), we found that professionals prefer diagram
collaboration 73% of the time, followed by intermediate users at 68% (e Al.b figure 7).This
supports our alternate hypothesis, and we can identify an emerging trend showing that more advanced users
tend to collaborate more often.

The main reasons users prefer working alone or collaboratively were found to be:

Alone With Others
Have more control 46% Idea generation (more feedbael§9%
Create own iteration before collaborati@1% Better end product48%
Get to move at my own pae&s% Communication (everyone on the same pag2%o

*multiple responses allowezb may add up to more than 100%*

When asked what (if anything) the most difficult part about working with others on diagrams is, users found
the following to be the most dominant issues (see Appendix A3):

e Interpersonal problems (67.5% of questionnaires)

e Merging diagrams/ideas (25% of questionnaires)

When asked to design their perfect collaborative diagramming tool there was very little consensus
amongst users. We did gain many useful ideas for our design alternatives and the specific responses are listed
in Appendix Al.a.

Interviews

Our interviews revealed that users create diagrams both individually and collaboratively. They
almost always work collaboratively when the diagram is being used as a communication tool within a group
project. Within projets, there are only two cases where users opt to work individually: when the project
itself is a solo endeavor [A31], or when the diagram being made describes &xisting system [A34].

We found that collaborative diagramming tasks are for thst art unstructured, highly iterative,
and ultimately for the purpose of communicating Hig¥el ideas in the quickest and easiest manner
possible. For this reason, the most frequently used tool for collaborative diagramming is the whiteboard. The
advanages of the whiteboard are flexibility, low cost, rapid iteration, and a minimal learning curves]A3.a
Users describe flexibility as the absence of any formalized structure or symbaédeting able to draw
anything, anywhere. However, flexibiliglso has a downside: users find that agreeing on symbols can
sometimes be difficult, with several representations of the same concept appearing in different places [A3.d
7]. This obscures commonalities between different areas and makes diagrams hargrad [A3.d7].
Another disadvantage of the whiteboard is lack of space {B{8,ahe inability to "capture” iterations [A3.a
5b] [A3.b-5], and the difficulty of rearranging and erasing items [Ab&

Users find this problem mitigated by existisgftware, which defines formalisms for symbols and
the ways they interconnect [A36. Software also has the advantage of readability and digital storage.
However, users felt that software, particularly that which uses traditional VEt}M® input methodss slow
and inflexible [A3.b6].



A problem in the current practice which we did not anticipate was the users' inability to interpret
previously created diagrams. This was not due to legibilitylaoktof contextdiagrams drawn on the
whiteboard maksense at the time they were written, but users experience difficulty interpreting them later
upon review [A3.B5]. This is partly due to the fact that capturing iterations is difficult on a whiteboard
[A3.a-5b]. When the diagram is changing rapidly, malsegse of the latest revision is not an isolated task.
It depends on the earlier versions, which have been erased, changed, or moved, but still exist in the minds of
the people working on the diagram. People who walk into a diagramming task typicatiptwitiderstand
the full meaning of the diagram, because they were not present from the beginning.

Conclusions

Our results indicate a strong preference towards collaborative diagramming. Intermediate and expert
users have reported, in aggregate, that todlgborate on diagrams about half the time, but that they almost
always prefer it to solo diagramming tasks. The desire for tools that are flexibléo-emsyand with a
minimum learning curve indicates that the existing tools are inadequate for supug task in the way
users want to accomplish it.

The rapid iteration typical to the early stages of design makes flexibility a paramount feature to any
tool looking to assist with this kind of activity. For this reason, users currently empleiettbixmethods of
diagramming (pen and paper, whiteboards, sticky notes) as they find them to be the most flexible. However,
users have expressed an appreciation for the clarity and readability of safemarated diagrams. An ideal
collaborative diagrammmsystem should retain the simplicity and lack of structure typical ofdotv
methods, while allowing users better ways to manipulate and polish their diagrams. This would be best
accomplished by a system that allows both-pased and muHltiouch inputand that can handle both free
form diagramming or the use of widgets form a library.

The key strengths of our proposed system are the same as those oftiénehlteols used as
inspiration. Users can quickly draw, erase and redraw their diagrams witdssle. They are not forced to
use a particular set of symbols, or for their diagrams to adhere to any predefined structure or standard. They
can use an infinite canvas for their work, and can freely zoom in and out as needed, thereby addressing one
of the biggest issues that have been identified by users witteldhwsystems. Additionally, we intend to
provide version contrdike features, so that the diagramming process can be replayed and users can review
their changes step by step. Several studysusmught up the issue of recollection and the difficulty of
understanding why certain parts of the diagram ended up in a certain way. By providing a history for the
diagram and a means to replay it, we hope to improve users' understanding of the diagrifithey
review it long after the initial design.

There are some weaknesses with the system as well. First, the cost oftaunblgurface is
potentially prohibitive in certain environments. Second, users may be intimidated to use our system, due to
the advanced technology it is based on. Third, although we intend to provide an ‘infinite' canvas, the physical
dimensions of the surface are a limiting factor in how effective the collaborative process is. Cost and
dimensions are closely connected, atarger table may be available for users able to afford it.

We think these weaknesses are of only temporary concern. The successful entranceamichutti
the consumer marketplace (thanks to innovations such as iPhone) means demand for ssds deuice
rise, and as such manufacturers are working on reducing costs. The pervasivenesdmichudithe
reason for why we believe that intimidation is not going to be a limiting factor in terms of adoption of our
system, either, as more appliasare touclased and users become increasingly adjusted to them.

The first iteration of our proposed system should focus on translating the simplicity of the
whiteboard approach to the muibiuch surface, while providing basic software features such as
manipulation and editing of diagram elements. We think such a prototype would be a powerful statement
about the direction we envision for the system as a whole, and would allow us to further test with users and
identify the next set of required refinement



Requirements Definition

Executive Summary
Design a tool for collaborative, collocated UMlagrammingthat supportflexible manipulation, revision
history, andocuses on addressing interpersonal issues.

Prioritized Requirements List

Absolute Must Include

In our user studies, we isolated four critical aspects that our users required. Those aspects were the ones that
stood out above all others as the thinggsiseeded from a diagramming tool. They are:

Must support and enhance interpersonal interactionsOver 67% of our survey respondents
mentioned that one of the largest obstacles for diagramming collaboratively was interpersonal
problems (see Appendix Al.&@ur system needs to provide ways to measurably enhance the
interpersonal interactions between users, reducing conflict and allowing consensuses to be reached
earlier.

Must support both structured and nonstructured input. In our interview data it becaméear

that users have two competing issues with current interfaces. Pen and paper as well as whiteboard
interfaces provide great flexibility to our users, but the lack of structure was cited as hindering user
understanding in the long run. Alternativelyfta@re input methods were too rigid, not allowing

users to quickly create rough, freehand drawings quickly. Our interface needs to bridge the gap
between these two incumbent systems.

Must record the collaborative processOur data indicates that users afeen unable to understand
diagrams after having drawn them collaboratively. They mentioned that if they could quickly review
how the diagram had come about, then they would be able to see what thoughts went into the
creation of the diagram.

Support Novice, intermediate and expert users-rom our data we noticed that the more
experienced a user was, the more likely they were to prefer diagramming collaboratively. However,
from our data we noticed that novice users suffer from interpersonal problems tivatdedder

expert users. Our system will enhance interpersonal interactions and our hypothesis is that this will
give novice users some of the benefits of collaborative diagramming, while reducing the negative
aspects.

Should Include

Space for collabordion. Users felt that current methods of collaborative diagramming did not have
enough space to be as effective as they could be. Space was an issue on two levels. Firstly, there was
not enough surface area to represent all the ideas proposed by grpapplef Secondly, users felt

that it only really supported one person interacting with the diagramming tool at a time. This feature

is in the 'should include’ as it will would greatly enhance their collaborative diagramming

experience, but it does not cahtite to our problem statement.

Could Include

Domain-specific toolsetslUsers wanted tools that would aid themee a in the creation of their
diagrams by having tools specific to the diagram that they were drawing. We could include it as it
would make iteaiting on our interface more easy, however due to the lack of focus on collaboration
we may exclude it.



Exclude

These features were suggested by participants in both our questionnaire and interviews. We decided not to
implement these features as they wduddime consuming, broaden our scope too much and take away from
our focus of collaborative and collocated diagramming. (see Appendix A3 for the user comments)

e Conversion from diagram to technical information.When asked to create their perfect system,
several of our users mentioned a system that would convert diagrams to some kind of usable code
outline.

e Templates for a variety of tasks.Several users wanted detailed templates to help them start their
diagrams.



Design Alternatives

Tabletop Application
The application would exist on a muditiuch table surface. It would have an interface that allows users to sit
around the table and work from all four sides of the table surface.

Pros

Puts users around a table which provides a great amount-cbeiget and interpersonal
communication. We feel that this is important as in the questionnaires, our user's largest problem
with collaborative work was disagreements amongst group merfgeerainalysis of resujts
From our interview data Was also shown that most collaborative diagrams are created using a turn
based system, some groups often to having one person dedicated to drawing. Seated people generally
also need to stand up in order to contribute to the diagram. The table will redsegtoblems.
The table's multtouch interface that allows for pen input would provide many opportunities for
solutions to the problems of flexibility and structure.

Cons
These types of tables are not widely available and very exeeidi].
Table nterfaces present a directional challenge, as users are sitting at all angles of the interface and
thus special care needs to be taken to ensure that everyone has access to the tools they need.

SMARTBoard-like System

We could develop a system that augradra standard whiteboard. Although a similar system has already
been developed by Smart [10] , we would work on an application that is more focused towards technical
diagrams and more flexible and usable.

Pros
Comes closest to the traditional whiteard vhich our users (especially our interview subjects,
mentioned as their preferred diagramming tool). This system would provide an intuitive way to
create structured and unstructured input methods.

Cons

The main problem with this technique is that it doessimtroduce anything new to support
interpersonal skills. This technique would also not address our "should include" requirement of
allowing more space for users to interact with the system.

Multiple Screens- One Room (mouse input)
We could use stamagld available hardware and develop a system that allows users to be in the same room on
their laptops and drawing on a shared work surface. The main innovation would be an architecture that
allows the users to see each other's mouse pointers and diagsamséahtaneously.
Pros
Leverages hardware that is already available to users, allows people to have their own space.
Having their own space also means that the user's view is never occluded by other users.
Cons
Puts screens between users and ead.ofhis may seriously limit eye contact and
communication. It is not clear how it would be possible to augment interpersonal interaction
with this method.

Does not allow for direct manipulation with the hands. Users like the flexibility of traditional
methods and it would be very difficutb replicate that flexibility with a mouse input. Touch
also seemed to be very important to the users we studies, which is not supported well by
traditional screens.



Scanning Tool

We could develop a system thaals users to easily capture whiteard and paper diagranagjitomatically
"cleaning them up" to eliminate transfer effect and loss of information.

Pros

Cons

Would leverage users existing method of creating diagrams. In fact, when asked to design their
perfectdiagramming system 4 of our users mentioned something similar to this.

Would provide the flexibility of traditional methods as well as the recording abilities of software
technologies for diagramming which is one of our absolute must include features.

This method would also not focus much on interpersonal skills
Iterating over diagrams would be difficult as once the diagram becomes electronic it can no
longer be converted to its original form (unless it was a paper sketch). Many interview and

guesionnaire respondents mentioned that they iterate over diagrams.

The algorithms required to "clean up" hag@wn input would be very difficult to create.



Appendix A

Appendix Al.a
Questionnaire Questions

Legalities
Do you agree to the ethics consefiirm?

[]yes
[1no

Can we contact you for an interview in the future?

[1yes
[1no

If yes to previous question, please provide us with your name and email address.
As outlined in the consent form we promise not to share your contact informatoanyone
outside our group.

Demographic Questions
What is your gender?

[ ] Male

[ ] Female

How old are you?
[118-25
[]26-35
[]36-45
[]46-55
[]55-64

[]65+

What is your current employment or student status?
[ ] 1st year university

[ ] 2nd year university

[ ] 3rd year university

[ ] 4th year university

[ ] Graduate student

[ ] University Professor
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[ 1 PhD Student
[ ] working in technical industry
[ ] other (please specify)

Diagram Questions

Below we are going to ask a few questions about diagrams. For our purposes, we are going to
define diagrams as drawings that shoteractions between different elements irsgstem
Have you ever created a diagram?

[1yes
[1no

continue only if yes to previous question

Rank the following diagrams in order of usage.
[Duplicate rankings allowed]

Somewhat

Never Least Often Most Often
Often
Flow Chart O O
Data Flow Diagram o 0 0O O
Entity Relationship - - - =
Diagram )
UML O 0 0
Other O 0 O 0

If you ranked "other" above, please specify.
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How proficient are vou with the following diagrams?
(the "other" here is the same other as in the previous question)

Somewhat Very

Never Used . -
ver ks Proficient Proficient

Expert

—n i — i~

Flow Chart
Data Flow Diagram

Entity Relationship — - - -
Diagram

UI"."IL - ] i ™

Other ~ 0 0

How many software development projects have you worked on?

What tools have you used to create diagrams with?
[ ] Pen and paper

[ ] Whiteboard

[ ] Computer software

[ ] Other

If you answered "computer software" above, please specify what software you used.

If you answered "other" above, please specify.

When you work on diagrams, what percentage of the time do you work with others?

When you work on diagrams, do you prefer to work with others or alone?
[ ] Alone
[ ] With Others

Why do you prefer working alone or with others?
[In regards to the previous question]

What (if anything) is the most difficult part about working with others on diagrams?
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If given infinite money, time and resources to create your perfect diagramming tool, what
would it look like? Could you describe some specific features that it would include?

Thank you for taking the time to fill out our questionnaire.

Interview Questions
* diagram refers to software design diagram

1. When creating diagrams, do you usually work collaboratively or solo?
Why or why not?

2. When creating diagrams, do you predr working collaboratively or solo?
Why or why not?

3. When creating diagrams with someone, do you usually work collocated (in the same place)
or remotely?

Why or why not?

4. When creating diagrams with someone, do you prefer working collocatea temotely?
Why or why not?

5. What are the main problems you encounter when working collaboratively on a diagram?

6. What technologies have you used for creating diagrams (pen and paper count as a
technology)? What did you like/dislike about each fahem?

7. What do you dislike about the current technologies for creating diagrams?

8. What type of tool could help you work on diagrams collaboratively and in the same place?

Appendix Al.b
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Employment/Student Status

25
20
15
10
5

1st/2nd Year 3rd/4th Year  Graduate/PhD University Working in Other

University University Student Professor Industry

Figure 1. Employment/Student Status
Rank the following diagrams in order of usage.

18

& Never

W Least Often

“ Somewhat Often
' & Most Often

[Flow Chart] [Data Flow [Entity [umL] [Other]
Diagram] Relationship
Diagram]

Figure 2: Diagram Usage

How proficient are you with the following diagrams?

30
25
20
15 & Never Used
& Somewhat Proficient
10 - * Very Proficient
“ Expert
5
0 -
[Flow Chart] [Data Flow [Entity [UML] [Other]
Diagram] Relationship
Diagram]

Figure 3: Diagram Proficiency
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What tools have you used to create
diagrams?

40

35

30 :

25

20

15

10

5

0 : _ e

Pen and Paper Whiteboard Computer Software Other

Figure 4: Diagram Tools
*People may select more than one checkbox, so percentages may add up to more than 100%.

When you work on diagrams, what percentage
of the time do you work with others?

16

14

12

ﬂlIIL

0% - 20% 21% - 40% 41% - 60% 61% - 80% 81% - 100%

Figure 5: Collaboration Percentage (Actual Practice)
Mean: 43.9%
Median: 50%
Standard deviation: 278
Outliers: none

Figure 6: Collaboration Preference
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