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ABSTRACT
Semantic web technologies have been applied to many aspects of learning content authoring including semantic
annotation, semantic search, dynamic assembly, and personalization of learning content. At the same time,
social networking services have started to play an important role in the authoring process by supporting authors'
collaborative activities. Whether semantic web technologies and social networking improved the authoring
process and to what extent they make authors’ life easier, however, remains an open question that we try to
address in this paper. We report on the results of an empirical study based on the experiments that we conducted
with the prototype of a novel document architecture called SDArch. Semantic web technologies and social
networking are two pillars of SD Arch, thus potential benefits of SDArch naturally extend to them. Results of the
study show that the utilization of SDArch in authoring improves user’ performances compared to the authoring
with conventional tools. In addition, the users’ satisfaction collected from their subjective feedback was also

highly positive.
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Material - Motivational Scenario
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Let us suppose that Mark is a university professor who teaches ‘Software Architecture and Design’ course. For each
topic in the course Mark usually prepares presentation slides that he uses during his class. The next topic to be
presented in the course is ‘Software Design Patterns’. Mark has the presentation on this topic from previous year, but
he does not want to reuse it as it is. In order to prepare as good presentation as possible, with up to date information,
Mark plans to consider the existing presentation, then presentations on the same topic used by his colleagues at other
universities, and some other articles related to the topic from his archive as well as those of his colleagues. As usual,
Mark is going to use PowerPoint to prepare the presentation, as he is most confident and familiar with it. However,
this time his PowerPoint is extended with a set of tools that provide him a range of new, novel services, which we
could categorize into four groups.
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to form a social network around a given topic of interest;

to transform their local documents in a new form that will enable semantic integration (i.e., semantic annotation
and linking) of related data kept in different documents;

to share such transformed documents within the social network, and thus, semantically integrate related
document data that originate from different users;

to semantically search local and shared collections of the semantically integrated documents for desired data;
and

to navigate across local and shared document collections by following semantic links between document units
and thus discover more data units of their interest.
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Semantic Document:

#%4E (unique identification, semantic annotation, and
semantic linking)

#24 ( the desktop information space and the information
space of the online social network communities)

@ Semantic Document Model - SDM
» Semantic Document Architecture - SDArch
@ SemanticDoc Tools
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» Semantic Document Model - SDM

SDM defines semantic documents as composite information resources composed of uniquely identified, semantically
annotated, and semantically interlinked document units (DUs) of different granularity (Ne$i¢, 2009). Each semantic

» SDM ontology-formal specification of SDM

SDM ontology

change-
tracking part

semantic-
linking part

core part annotation part
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A. The core part of the SDM ontology:ZEX NS ETT
LA HEmERRELFMB M.

2. The annotation part of the SDM ontology : E
Mk FR;ERERL, anfmiADU FriEZE R semantic
annotation, social-context annotation and
pedagogical annotation. 3R F A E (e.g.,
abstract,introduction, conclusion, definition,
explanation, description, illustration, example
and exercise) .

c. The semantic-linking part of the SDM ontology :
EX AR BITIE TS

0. The change-tracking part of the SDM ontology:
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Designing the Evaluation
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“Using semantic web technologies and social networking results in a more effective, efficient, and
satisfactory experience, when authoring course material compared to the conventional authoring
approach.”

With respect to user effectiveness, we intended to measure the accuracy and completeness with which SDArch
users complete authoring tasks. In other words, how many and what tasks the users can complete successfully
using the SDArch services and tools.

With respect to user efficiency, we intended to measure the resources expended in relation to the accuracy and
completeness with which SDArch users complete the authoring tasks. In other words, how much effort the users
spend for completing these tasks using the SDArch services and tools.

With respect to user satisfaction, we intended to measure the freedom from discomfort, and positive attitudes
towards the use of the SDArch services and tools in authoring of course material.




Designing the Evaluation

task-based comparative evaluation (Whittaker et al., 2000)
goal-question-metrics (GQM) measurement model (Bastili et al., 1994)

subset of questions/statements from the Perceived Usefulness and
Ease of Use questionnaire (Davis, 1989)

a Windows system featured by
SDArch services and MS Office

a conventional Windows
system equipped by regular MS
Office

extended by the SemanticDoc tools




Designing the Evaluation

participants5ehik a set of tasks(mH R IBEE)

‘ a conventional system \ ‘ a SDArch system \

“ seven slides “

coveriné: 1) Inz‘raducfi;m, 2) Role é;vf Design Paz‘tems,‘ 3) Design Patterns Definition, 4) Design Patterns
Classification, 5) Pattern Example 1, 6) Pattern Example 2, and 7) Topic’s Conclusions. This limited the amount of

user effectiveness, efficiency and satisfaction



Designing the Evaluation

tracked how many and which tasks
participants could complete successfully by
using the two systems.

measure how efficiently participants were
in completing the evaluation task(execution
time, the number of mouse clicks and the
number of window switches).

evaluate which of the compared two
systems the participants liked more and
why




Designing the Evaluation
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Table /. Evaluation criteria and the corresponding evaluation methods and metrics

Evaluation Criterion

Evaluation Method

Evaluation Metric

Effectiveness

Objective — Quantitative Measure

Task Success Rates

Efficiency

Objective — Quantitative Measure

19

119

Task Completion Times
Number of Mouse Clicks
Number of Window Switches

Satisfaction

5-level Likert scale
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The initial step of an empirical evaluation is the selection and recruitment of participants, whose background and
abilities are representative of intended users of the system to be evaluated (Nielsen, 1993). The evaluation results
will only be valid if the participants are typical users of the system, or as close to that criterion as possible. Another
issue regarding the selection of the participants, which has attracted a lot of attention in the HCI community, is what
should be a sufficient number of participants of the usability study. In terms of quality, Nielsen (Nielsen et al., 2003)
argues that five expert users are sufficient to discover 85% of the usability problems in a system under evaluation. In
our evaluation, we had six participants from three universities: University of Lugano (www.usi.ch), Switzerland;
Simon Fraser University (www.sfu.ca), Canada, and University of Belgrade (www.bg.ac.rs), Serbia. All the
participants were volunteers and had genuine motivation in using the new systems. Moreover, each participant had
been involved in some courses covering the topic of our evaluation scenario, either as a lecturer or teaching assistant.
Thus, they qualified as domain experts and final users of the system.




Conducting the Evaluation

the preparation phase
(to create SDArch social network, to collect the evaluation document set,
and to familiarize the participants with the SDArch services and tools)

2.transformed initial 20 documents from archive into semantic
documents and added them to the group’s shared sds repository

. One week after initiated the software design patterns group, the
total number of the shared sds reached 50 documents

_______________________________________________________________________________________________________

-
-------------------------------------------------------------------------------------------------------

created a simple web-based file upload form application
and upload the original office documents for the conventional system

__________________________________________________________________________________________________________________




Conducting the Evaluation
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observation phase
(screen-recording software)
43 B 2 PRI 4R 53 Al iR ST IR i A 15 A

onventional system FISDArch system

feedback phase
(questionnaire)




S1:
S2:

S3

S4:
S5:
Sé6:
S7:
S8:
S9:

Conducting the Evaluation

v [B)EBIEI NI, KAS5-level Likert scale
(Gediga et al., 1999) , S1-S5 W&EXNRSG(FERN
FEWHEFES, SOTFMM=EIGAHM, TN R%EZ B,

Using the SDArch services and SemanticDoc tools enables me to accomplish tasks more quickly;
Using the SDArch services and SemanticDoc tools increases my productivity;

: Using the SDArch services and SemanticDoc tools improves the quality of the work I do;

Using the SDArch services and SemanticDoc tools makes it easier to do my work;

Overall, I find the SDArch services and SemanticDoc tools useful in my work;

Learning to operate the SDArch services and SemanticDoc tools is easy for me;

I find it easy to get the SDArch services and SemanticDoc tools to do what I want them to do;
Interaction with the SDArch services and SemanticDoc tools is clear and understandable;
Overall, I find the SDArch services and SemanticDoc tools easy to use.
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Time (mm:ss)

» £S5 R ETIE]

10:48
9:36
8:24
7:12
6:00
4:48
3:36
2:24
1:12
0:00

Conventional system: || Avg. Median Our system: [ Avg. Median
taskl task2 task3 task4 task5S task6 task?

Figure 5. Average and median task completion times



Evaluation Results
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Table 2. Tasks completion times’ statistics

Task Cog;esltl;;::nal SDArch System Relative Performance pE-th:itt)
Avg. Median Avg. Median Avg, Median

| 7:56 7:25 0:52 6:10 5:12 1:56 77.7% 70.1% 0.0031
2 9:14 8:54 0:32 7:37 7:19 0:48 82.5% 82.2% 0.0022
3 6:58 5:41 1:23 4:08 4:21 1:02 59.3% 76.5% 0.0045
4 9:31 8:22 1:07 6:14 7:00 1:12 65.5% 83.7% 0.0007
5 10:04 10:10 0:34 6:30 6:06 0:32 64.6% 60.0% 0.0027
6 9:41 8:21 1:14 6:15 5:06 0:33 64.5% 61.1% 0.0004
7 7:03 6:24 0:39 4:52 4:10 1:27 69.0% 65.1% 0.0014




Evaluation Results
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Table 3. Mouse clicks statistics

Task Conventional System SDArch System Relative Performance t-Test
Avg. Median c Avg. Median o Avg. Median p(T<=t)

1 124.3 107 14.23 108.3 93 15.32 87.1% 86.9% 0.0003

2 137.2 118 15.31 109.2 102 9.30 79.6% 86.4% 0.0048

3 128.4 122 11.42 96.7 84 8.42 75.3% 68.8% 0.0001

4 141.9 124 19.21 112.0 104 11.52 78.9% 83.8% 0.0023

5 152.0 133 16.73 17.7 71 7.32 51.1% 53.3% 0.0022

6 144.6 136 10.82 82.6 77 6.80 57.1% 56.6% 0.0007

7 122.5 109 18.34 08.5 94 532 80.4% 86.2% 0.0026




Evaluation Results

Table 4. Window switches statistics

Task Conventional System SDArch System Relative Performance t-test
Avg. Median G Avg. Median G Median Avg. p(T<=t)

1 20.4 12 7.04 4.4 4 1.45 33.3% 21.5% 0.0041

2 17.3 15 3.22 6.2 4 1.82 26.6% 35.8% 0.0032

3 21.6 17 4.54 5.2 5 1.37 29.4% 24.0% 0.0009
4 23.2 18 5.21 6.6 5 2.32 27.7% 28.4% 0.0015

5 21.8 19 3.18 5.6 4 241 21.0% 25.6% 0.0023

6 22 .4 19 3.71 6.3 5 1.62 26.3% 28.1% 0.0042

7 18.5 14 5.57 4.0 4 0.82 28.5% 21.6% 0.0028
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Table 5. Subjective user feedback for the SDArch system

Statement S1 S2 S3 S4 S5 S6 S7 S8 S9
Average 4.7 43 4.1 4.7 4.8 4.7 4.3 4.6 4.8
Median 5 4 4 5 5 4 4 4 5
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Although the use of semantic web technologies and social networking in the authoring of learning content has been
studied extensively over recent years, the real benefit they brought to the authoring process is still unclear. Up to
what extent these innovative technologies can improve the effectiveness and efficiency of authors in carrying out
authoring tasks is a question that still seeks an answer. In our opinion, the right answer to this question can be
obtained through an empirical study conducted with an authoring system that is featured by these technologies. In
this paper, we presented the results of one such empirical study that we conducted to investigate the benefits of the
novel, semantic document architecture (SDArch) with respect to the authoring of the course material. Since semantic
web technologies and social networking are two pillars of SDArch, the benefits of SDArch naturally extend to them.
Based on objective, quantitative measures of user effectiveness and efficiency, and the users’ subjective feedback,
we found that the use of semantic web technologies and social networking results in improvements of the authoring
of the course material compared to the conventional authoring approach. In the future work, we plan to perform a
new, long-term evaluation study with more participants and a larger document collection. We also plan to consider
the application of some other evaluation metrics, in addition to those applied in this study, as well as to provide more
comprehensive statistical analysis of collected data.
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THE END
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