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Abstract — The paper explores the problems and suggests
some solutions in evaluating contributions of each author in
collaboratively created artefacts. It reflects our experience of
using Google Docs and other cloud based instruments in
project based courses for undergraduate students. A new tool
for analyzing document’s revisions and contributions is
discussed.
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|. INTRODUCTION

In the last two years, several engineering courses at the
Technical university of Sofia were re-designed using
trialogical design principles and modern digital technology.
The courses were restructured from traditional face-to-face
to project oriented adopting and applying modern online
learning platforms, cloud collaboration tools and social
software.

Introducing new technologies and paradigms in
established engineering courses is always challenging. In
addition to the core subject matter, students had to learn
new tools and development workflows.

Overall, the trialogical approach was well accepted and
considered as an appropriate path for transforming
students’ individual course work into more collaborative
activities.

Writing collaboratively, however, takes coordination and
awareness of who has done what. Each student's activity
and contributions to the collaborative project is influential
(but not definitive) in determining the final grade. On the
other hand, being able to analyze how the project report
evolved over time can reveal interesting patterns of
collaborative writing.

1. RELATED WORK

Collaborative writing is on the increase and many
researchers have created tools to analyze documents
evolution. One such tool, DocuViz [1], displays the entire
revision history of Google Docs, showing more than the
one-step-at-a-time view now shown in revision history.
DocuViz is potentially useful in cases such as: To authors
themselves to see recent "seismic activity,” indicating
where in particular a co-author might want to pay attention,
to instructors to see who has contributed what and which
changes were made to comments from them, and to
researchers interested in the new patterns of collaboration
made possible by simultaneous editing capabilities.
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Another tool for analyzing Google Docs history is
Draftback [2]. It shows the timeline of the changes, and
below it, a “map” that tells where in the document each of
those revisions happened. Draftback is implemented as a
Chrome extension and is able to playback the complete
history of every single character.

Unfortunately, none of these tools is open source. This
makes it difficult to adapt and integrate them in our
collaborative learning infrastructure.

I11. INFRASTRUCTURE FOR COLLABORATIVE
LEARNING

The infrastructure for collaborative learning [3] consists
of public cloud based services, combined in a way that
supports electronic design workflow (fig. 1). Working in
small teams, the students are required to design a digital
integrated circuit. The design workflow is based on HDL
modelling, verification and synthesis. The main design
artefacts (VHDL models and test-benches) are text files;
therefore we are able to borrow many tools and workflows
from the software development community. Projects are
hosted on GitHub [4] — one repository per project. In
parallel with the code development, the teams are required
to create and maintain a Google Docs document which is
one of the major deliverables. Initially the document
contains the technical specifications of the design. Later on,
the students have to add description of the implemented
algorithms and architectures, argumentation of the
tradeoffs made and the results from the simulation,
synthesis and physical design. Most of development takes
place outside the regular classes. For their intra-team
communication, the students are free to choose whatever
tools they prefer (chat, conferencing, email). For student -
teacher communications we decide to use the Google tools:
Gmail, Docs, Talk, Calendar, Drive and Google+. Students
were encouraged to submit their questions as emails instead
of chat messages.

Code Review
Code Repository Build and Simulation
Q Gerrit @
3 xumx
GitHub lenkins Cl
_ ~
&}? . : -.1- £
| -.“"""_-;.l" 'I.Jn:
Google 0w P |
Team Lab Test

Fig. 1. Collaborative workspace



IVV. COLLABORATIVE ARTEFACTS EVOLUTION

A. GitHub Revision History

GitHub is optimized for hosting software projects. It
provides a very detailed history of commits for each
repository (fig. 2). Each commit is attributed to an author.
A single commit usually consists of changes in multiple
files. Each change can be individually inspected (fig. 3). In
the majority of cases, the tools provided by GitHub are
more than adequate for analyzing the evolution of the
students projects.

Commits on Mar 21, 2014

Fixes bed_adder_test

authored on Mar 21, 2014

Adds 'bed_adder’ homework assignment.

authored on Mar 21, 2014

Adds type definition for BCD numbers in package 'mpis’

authored on Mar 21, 2014
Commits on Mar 20, 2014

. Uses 'unsigned' for internal register to simplify the type conve

authored on Mar 20, 2014

Refactoring Johnson counter to use attributes in vector index

authored on Mar 20, 2014

Fig. 2. GitHub commits history view

Fig. 3. GitHub diff view

B. Google Docs Revision History

The functionality offered by Google Docs with respect to
exploring documents history is rather limited. At a file
level, there is an activity view (fig. 4), that provides a good
overview of when and who created or modified a particular
document.

At document level, we have a revision history (fig. 5)
which shows a timeline of the changes, but no information
about the scope of each change. Therefore a simple
formatting modification and a substantial text contribution
are indistinguishable in the revision history view. Clicking
on a particular revision, reveals the document content with
all relevant text changes colored. It’s quite frustrating that
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there is no way to quickly locate the changes — the user has
to scroll through the document and look for a colored text.
Some changes as added or deleted figures are not indicated
atall.

& VHDL monen Ha 4B-58

encoder-decoder.docx

Details Activity

EARLIER THIS YEAR

Bty and 2 others edited an
item

May 13

B VHDL mogen Ha 4B-5B enco...

You commented on an item

May 7

$

B VHDL mogen Ha 4B-5B enco...

Fig. 4. Activity view.
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Fig. 5. Revision History View

V. A NEW TOOL FOR EXPLORING GOOGLE DocCs
HISTORY

To facilitate the exploration of collaboratively created
project artefacts, we developed a new application for
analyzing Google Docs revision histories. The following
design requirements were specified:

e The changes in each revision should be visualized in
a way, similar to the one used by GitHub (fig. 3).

e The application should find word-level changes.

e Formatting changes (e.g. fonts, colors) should be
ignored.

e |t should be possible to show all contributions of a

particular author.
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8B/10B encoder/decoder e ycTpoiicTBo koeTo, [-nbpeo kogupa 8 BuToBa- |{+M3BbpLBA KAKTO KOOWpaHe Ha S-butosBa+)} gyma B [-10 butosa, cnea [@{l-]1
[-koeTo uubopmaumaTa ce npeHaca-]{+10-buToBa, +}

{+Taka+} u [-ce npepasa Ha AeKOAMpaWO YCTPORCTBO, KOETO AeKkoaupa gyMmarta f]

[-oT 10 6uTa oTHOoBO Ha 8.-]{+0fpaTHoTO AekoaupaHe.+} Ha cxemaTa gony e npeacTaBeHa TOYHO TakaBa cMCTema. A ce W3nonssa

33 BMCOKOCKOPOCTHO, CEpWiiHO MpeflaBaHe Ha WHQOpMauua. EHKOAepa Ha CTpaHaTa Ha TpaHCMWTepa e

cbcTaBeH oT 8 buToe napanened Bxon v 1@ butoB m3xoa. Tosu 10 buToB M3xoa e 3apefeH BbB

BHcOKockopocTeH [-Serializer (Toea e 10 6utoe Shift perucTtep c-]{+npecbpasyeaTen oT+} napaneneH [-Bx04 M CepueH ,]

[-u3xon).-]{+B nocnefoBaTensH Koa .+)

Cnen [-koeTo-]{+ToBa+} uHDopmaumaTa ce npegaea A0 BUCOKOCKOpocCTed Deserializer (1@ 6utoe Shift

perucTbp € napaneneH WSXoA W CepHeH BXOA) B CTpaHaTa Ha MpuMeMHWKa W ce npeobpasysa oT

cepwitha fo napanenna. Jlekopepa [-obpbuwa undopmaumaTa-]{+npeobpasysa pannute+} ot 10 [-butosa po-]{+buTtoBn B+} 8 [-buToBa.-]{+buToBu.+} Korato ce
w3nonzea 8B/10B kogupawa cxema, CEPUAHOTO npegaBaHe Ha uHQopmauuaTa e DC - Ganavcupado,

TOBa 03HaYaBa 4Ye Ce W3Mpaua eJHaKBO KONWHYECTBO OT HYMM M eWHWUM 33 AafeHaTa AbMKWHA Ha

npenasaHata uHPopmaumna u makcumansa run-length 6es npexogu ot 5. Run-length ce pedunmpa

KaTo MaKcWManHua 6poil Ha Hy/NMTE W eAWHUUMTE NpeflaBaHW B CEPWAHWA NPEHOC Ha WH(QopMauuATa.

Te3n ABe XapakTepUCTUKM NOMaraT BbB Bb3CTaHOBABAHETO Ha WH(opmauuaTa W [-clock-a-]{+cuHxpoHusauma Ha [ +}

{+TaKToBMA CMrHan+} B NpUEMHHUKA.

Fig. 6. Differences between two revisions — wdiff format

186/1@B encoder/decoder e ycTpoWcTBC KoETO, MbpEO Kogupa 8 6uT

Z7aka w obipaTHoTO gexogwpade. Ha cxemaTa fony e npejcTaseHa ToYHO

333 BMCOKOCKOPOCTHO, CEPWAHC NpefaBaHe Ha WHpopmauwa. Evxogepa Ha

11 npenasaHaTa vHPOpMaUMA W MakcumanHa run-length Bes npexcgw oT 5.
12 kaTo makcumanHua Bpoil Ha HYJAMTE W eQMHWUWTE NpefasaHn B CepuitHua

14 TAKTOBMA CMIHaN B NPUEMHMKE.

1BB/18B encoder/decoder e ycTpolicTBO KOETO, WSEbpWBA KaKTO Kop,upam}_\_{

4 cecTaseH oT 8 BWToB napanencH exog W 18 BuTos usxog. Tosw 18 GuTol
5 BUCOKOCKOpPOCTeH npecBpasysaTen oT napanened B NOCNefOBaTENeH KOA
G Cnen ToBa MHpopMauwATa ce npefasa Ao BMcokockopocTed Deserializer
7 perucTbp C NapaneneH W3Xo4 W CEPUEH BXOA) B CTPaHaTa Ha NpUEMHUKE
2 cepuitia fo napanenda. [lekogepa npeobpasysa AaHHWTe oT 168 BuToBM B
9 wsnonsea 8B/18B kogupawa cxema, CEPWHHOTO NpefasaHe Ha WHbOPMaLWA]
12 ToBAa O3Ha4YaBa 4e Ce MSNPawa efHAKBC KOMMYECTBC OT HYAW M eguHuumM

13 Teswn gee NApPaKTEPUCTHEN NOMaraT BbE Bb3SCTAHOBABAHETO Ha HH¢DPMEHH:

2 KOETO WHPOPMEUWATE CE NPEHACA W CE Npejasa Ha AEKCAMpawo ycTp
SoT 18 BuTa oTHOBO Ha 8. Ha cxemaTa oy e npefcTaseHa ToOYHO T
4 53 BMCOKOCKOPOCTHO, CEpPWHHO npefasaHe Ha whdopmauwA. Exkogepa
S5 cbcTaBeH oT 8 BuToB napanensd Bxof W 18 BuTos wsxog. Tosu 18
G BucokockopocTeHn Serializer (Tosa e 1@ ButoB Shift perwcTep €
7 msxon). Cnep KOETO WHGOpMAUWATAa Ce Npejasa A0 BMCOKOCKOPOCTEH
Z pErUcTLp € NapaneneH USXoj W CEpMEH BXoA) B cTpaHaTa Ha npuem
9 cepuiiHa jo napanenda. [excjepa obpbua wHpopmaumATa oT 18 BuTo
12 usnonssa 8B/18B kofupawa cxema, CEpWAHOTC nNpefasaHe Ha uHpopm
11 ToBa 0SHAYaBa 4e CE W3NPala efHaKBo KONWYECTBO OT HYNM W emuH
12 npenasaHaTa MHPOpMaUMA W Makcumanda run-length Ges npexogn o
13 kaTo MaKcWManHua Bpoidl Ha HYNWTE W eAMHWUMTE NpefasadHd B Cepui
14 Tesn Be XapakTepWCTWKW NOMaraT BbE Bb3CTAHOBABAHETO Ha MHbop

Fia. 7. Differences between two revisions — Ul mockup

e The application should use public Google Docs API
[5].
e The application should be cross-platform — both
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To fulfill the cross-platform requirement, the document
history exploration tool was implemented as Google
Chrome extension [6]. This allows for a natural Ul
integration — the user can open a Google Docs document in
her Chrome browser and then start the application from the
browser’s toolbar.

The application’s Ul is still work in progress. Presently,
the differences between revisions are shown as text based
output (fig. 6). The added and deleted words are marked in
a way similar to the output of the wdiff utility [7]. In the
final implementation, the compared text will be shown next
to each other and the differences will be indicated by
different colors (fig. 7).

V1. CONCLUSIONS

We presented in this paper our experience in analyzing
the artefacts of collaborative design projects. We have
implemented an application that shows the changes in each
document revision and the contributions of each author in a
more usable format than the native Goggle Docs revision
history. We believe that such tool can be useful both for the
authors of the document and for the professor, who
evaluates the project.
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