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Abstract—Although the field of usability evaluation is a well-
established discipline, there are no studies on how the usability
of lexicographic e-services can be evaluated. This includes, for
examples efficiency, effectiveness and user satisfaction when
looking up for synonyms, meanings, or translations using online
lexicons. In this paper, we propose to combine two types of
usability evaluations to assess the usability of such services: a
subjective user-experience evaluation and a more objective
controlled experiment—demonstrating how both methods
complement each other. We applied our proposed approach to
evaluate two important online lexicographic e-services: a
lexicographic search engine developed at Birzeit University
(https://ontology.birzeit.edu) as well as Google Translate. The
user-experience evaluation was conducted through a survey that
involved 622 users, and was designed to measure effectiveness,
efficiency, satisfaction and learnability. The controlled
experiment involved a set of defined tasks, which were carried
out by four teams (12 people) in two laboratories, and their
performance was monitored. The tasks were designed to
measure effectiveness and efficiency.

Keywords— Lexicographic e-Services, Lexicographic Search
Engine, Google Translate, Arabic Ontology, Usability Evaluation,
User Experience Evaluation, Controlled Experiment.

I.  INTRODUCTION AND MOTIVATION

Dictionaries are no more limited to the traditional use of

T d o TNIOCd 4o £ Vi LD Do

Anton Deik
Birzeit University
Birzeit, Palestine

anton.deik@gmail.com

Mustafa Jarrar!
Birzeit University
Birzeit, Palestine

mjarrar@birzeit.edu

to lookup term translations does not yield good accuracy,
especially in specialized and domain-specific translations.

A lexicographic search engine (https://ontology.birzeit.edu)
was recently developed at Birzeit University [S], allowing
people to search for translations, synonyms, definitions, among
other lexicographic services — see Fig. 1. The search engine was
developed with state-of-the-art design features and according to
W3C recommendations and best practices for open data
publishing, including the W3C Lemon model [6], which is
particularly important for referencing and linking linguistic data.
Furthermore, the search engine was built on top of the largest
Arabic lexicographic database [2], which comprises about 150
Arabic multilingual lexicons that were manually digitized and
then integrated into a normalized database model [7]. The
database covers almost all domains, such as natural sciences,
technology and engineering, health, economy, art, humanities,
and philosophy, among others. It also includes many types of
lexicons, such as modem and classical linguistic lexicons,
thesauri, glossaries, lexicographic datasets, bi- and tri-lingual
dictionaries, as well as the Arabic Ontology — an Arabic
WordNet with ontologically cleaned content, used to reference
and interlink lexical concepts [8, 9]. The database currently
contains about 2.4M multilingual lexical entries, 1.1M lexical
concepts, 1.5M translation pairs in Arabic, English and French,
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» How to measure efficiency, effectiveness and user
satisfaction when looking up for synonyms,
meanings, or translations using online lexicons?

» Although the field of usability evaluation is a well-
established discipline, there are no studies on how
the usability of lexicographic e-services can be
evaluated!
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» Combine two types of usability evaluations to assess the
usability of e-lexicographic services =

subjective user-experience + objective controlled experiment

» We show how both methods complement each other.
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» Experiments: evaluate two online lexicographic services: a
lexicographic search engine developed at Birzeit University
as well as Google Translate.




»Overview of the Lexical Search Engine

»Usability Evaluation of Lexicographic e-Services.




Overview of the
Lexicographic
Search Engine



The Lexicographic Database

* The largest lexicographic
Arabic database

. .
Contains most lexicon types:
glossaries, thesauri,

bi/trilingual dictionaries,
morph datasets, Arabic
Ontology, and more.

* Covers most domains:
science, technology, law,
business, art, philosophy, ...

ontology,birzeit.edu

attribute

Translations Synonyms Definitions

Ontology Dictionaries Morphology

43 results (0.09 secs)

predicate | Attribute Jsanall
B Al ka2l g Lal a3 52 fulaal) Al Qb oSl pilaid i Jsenall
el ikl e Jsendls g smsalls Jymna) 52 R i) WA

4 Philosophy Lexicon (Vol182) ©

Zaall Attribute
(ol 2l su0S ol el O G A S el Jsal pam e Il ad A daall
gl Al g el s (el candl (b sl e daally L, @) Jeadls el

4+ Philosophy Lexicon (Vo 182) ©

s Attribute
_wnewum\ﬁ s o s g oy dpeals
& Philosophy Lexicon (V01.182)©

s | el | e | S B 5554 dua | Ba dimension | attribute property
a construct whereby objects or individuals can be distinguished; "self-

confidence is not an endearing property”
%o Arabic WordNet ©

allad |1§:;\;|cﬁ[;,‘;;&['»};¢\x_“.¢ attribute

an abstraction belonging to or characteristic of an entity
3 Arabic WordNet ©

Jseas attribute predicate
Propositions attributives el Vil Asa s g 250 e Ji Lo - Likie
$» Philosophy Lexicon ©

Philosophy Lexicon

5 jpee Adea attribute | flavor | difference | charactei
Al Amiia Printing House

Academy Portal Browse Oniine

W K2 3as MM

About

attribute - 3 results (0.04 secs)

251 | S

» Attribute e | K |35 | 25| B | 8 | -
An abstract that describes qualities of an entity without using units
of measure

ki saa s Qe 092 10 o) Basls Aaf 2 ks Gy 202
example: Jidl & ot sl da g G O
@ 203263

TypeOf : {Abstract)

» Physical Attribute e

Attribute that describes an abstract quality of things
\,-;S,:As;_',_yaé.a\s‘ e gaidia

example: GV e Ul Aalal 3352 Rha A oS

@ 293264 TypeOf : {Atiribute}

» Abstract Attribute i e) Raan | 3205 fa
Attribute that describes an abstract quality of things
Lo o 335 Al B 02 FELERY
example: oY) &= laall Lalal 335 Ada (A I3

@ 293265 TypeOf : {Attribute}

rcadamy ofthe Avaic Language-Caie |

1022977

https://ontology.birzeit.edu

Copyright © 2018



Lexicographic Search Engine
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Reference:

Mustafa Jarrar, Hamzeh Amayreh: An Arabic-Multilingual Database with a Lexicographic Search Engine.
NLDB 2019. Pages(234--246), LNCS 11608, Springer. 2019.
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Lexicographic Search Engine

* Search 150 lexicons for o

C a https ontology.birzejt eqy
definitions, synonyms, e
specialized translations,
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[3,4] ...
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The Arabic Ontology 150 Dictionarjes

An Arabic Wordnet with ontologically-clean content. Multilingual dictionarjes were di

€ meanings of the Arabic terms, based on Semantic features (deﬁm’tions, Synonyms, trans!atiuns) are

state-of-art science, rather than on Speakers' najve knowledge, Currently displayed, soon the morphological features,
see[1].

* Accurate! compared with
machine translation.

igitized and integrated, Only the

The first of its kind! e.g., Ontology Top Levels

The top levels of the Arabic Ontology tree are the most

t h e re a re n O S i m i I a r S e a rC h abstract concepts in Arabic; they are philosophically

and logically well define. This figure shows only the % oo ‘B@@e@@ - =
top three levels.
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Some Statistics

Currently!
Category |Lexical Concepts Lexical entries Synsets Translations pairs Glosses Semantic relations
Total (Millions) 1.1 M 24 M 1.8 M 1.5M 07M 05M
1,100K Arabic
1,100K English 800K Arabi . . . | 170K Sub- link
nets T 1| 000K English-Arabic [400K  Arabic Hh-stipet TS
200K French 800K English ) ) 29K Part-of links
Sub Counts 300K English-French | 300K English ..
3K Others 200K French 200K F h-Arabi K Oth 260K Has-Domain links
rench-Arabic ers
1,300K Single-word| 50K Others 30K Other links
1,000K Multi-word

For more, see [3]



Obtaining Copyrig
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Search Taps

Ontology tab: results in this tab are ontology concepts retrieved only from the
Arabic ontology. The tab also allows expanding and exploring the ontology tree.
See [4,5] about the Arabic Ontology
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Amount of time, its length is calculated based on the the temporal
dimension of astrological events, its starting and ending points are not
equal, and has no gaps.
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Search Taps

Dictionaries tab: results in this tab are lexical concepts retrieved from the
lexicons.
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Search Taps

Morphology tab: results are linguistic features, lemma(s), inflections, and
derivations of the searched term (partially implemented!).
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Search Engine Architecture
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Conformance with W3C Standards

‘/W3C’s RDF Lemon Model

Represent (lexical entries, concepts, synsets, ...) using the Lemon RDF model

To interlink it with the Linguistic Linked Open Data Cloud

43l levelling | grading

b’ Hydrology Lexicon ©

@refix aot: <http://ontology.birzeit.edu/term/>.
@refix aoc: <http://ontology.birzeit.edu/lexicalconcept/>. <aot:lex-grading> a ontolex:lLexicalEntry, ontolex:Word;

@refix aor: <http://ontology.birzeit.edu/lexicon/>. ontolgx:canonicalForm [ontolex:writtenRep "grading"@en];
skos: inScheme <aor:Hydrology_Lexicon_1>.

<aoc:1623>aontolex:LexicalConcept; <aot: lex-levelling> a ontolex:LexicalEntry, ontolex:Word;

ontolex: isEvokedBy <aot:Lex—grading>; ontolex:canonicalForm [ontolex:writtenRep "levelling"@en];

ontolex: isEvokedBy <aot:Lex-levelling>; skos: inScheme <aor:Hydrology_Lexicon_1>.

ontolex: isEvokedBy <aot:lex—isus>; <aot: lex-i,,.5> a ontolex:LexicalEntry, ontolex:Word;

skos:definition . zbe J siezhn Jdsad sl m W del i del s5"@ar;  ontolex:canonicalForm [ontolex:writtenRep "i,..:"@ar];
skos:inScheme <aor:Hydrology_Lexicon_1>. skos:inScheme <aor:Hydrology_Lexicon_1>.

Based On:

Mustafa Jarrar, Hamzeh Amayreh, John McCarae: Progress on Representing Arabic Lexicons in Lemon. The
2nd Conference on Language, Data and Knowledge (LDK 2019), Germany. 2019.



Conformance with W3C Standards

‘/W3C’s Best Practices for Publishing Linked Data
including the Cool URIs, simplicity, stability, and linking

URLs Schema:
* Each termis given a URL: http://{domain}/term/{term}

http://ontology.birzeit.edu/term/virus

* Each lexical concept is given a URL:
http://{domain}/lexicalconcept/{lexicalConceptID}
https://ontology.birzeit.edu/lexicalconcept/304000682

* Each concept in the Arabic Ontology has a URL:
http://{domain}/concept/{ConceptID | Term}
https://ontology.birzeit.edu/concept/293262

* Each Semantic relation is given a URL:
http://{domain}/concept/{RelationName}/{ConceptID}
https://ontology.birzeit.edu/concept/instances/293121

* The W3C Lemon representation of each lexical concept is given a

LJRLZhttp://{domain}/lemon/lexicalconcept/{lexicalConceptID}
https://ontology.birzeit.edu/lemon/lexicalconcept/304000682


https://ontology.birzeit.edu/lexicalconcept/304000682
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Ranking Metrics

We developed three strategies:

% Citation strategy (R, frequency
of the lexical concept terms:

. zw Z »

R — len1h1

]ecit

I?niax:'_ }2n1h1

**» Lexicon renown ranking strategy
(R,en): experts assigned each lexicon
a rank based on its renown.
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< Hybrid ranking strategy (R,;) is a combination metric:

Rhyb = Ryen + Reit




Usability Evaluation of
Lexicographic e-Services

1) Subjective user-experience

2) Objective controlled experiment



Subjective User-Experience

el Gl o s

On I | ne Su rvey (h_“mg)’-bif\ze"t.edu) el o s
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ful a1

Survey Design: e

*16 Questions 9 0 o g
*Q1-Q4 collected general information e

O 0) o -

*Q5-Q16 are the core of the survey,
targeting Effectiveness, Efficiency, S
Satisfaction, Learnability 0 tspmsirms

[ sl e e

0O <t e Cadl

Data Collection:
* 1000 questionnaires were distributed WA ke g
over a period of 2 months. | © o o
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https://ontology.birzeit.edu/s

Summary of Survey Results

Respondents’ Backgrounds (Q1-Q2)

Student
80%

Researcher
3% Writer Employee
14%

3%
Fig. 2. Respondents’ professions

5-20 Searches; 26%

< 5 Searches;
28% > 20 Searches; 46%

Fig. 5. Frequency of use

25-30; 77%

.25 >30; 3%
18-25; 14% <18; 6%

Fig. 3. Respondents’ age groups

Translations; 32%

Meaning;
19% Synonyms; 49%

Fig. 4. Purpose of use



Summary of Survey Results

Q5: Are the fonts and colors attractive and comfortable? Average
22% 52% 21%

Q6: Are the presentation and the arrangement of the results comfortable?
22% 49% 20% 9% 73%

Q7: Is the amount of results in a single page comfortable?
29% 47% 19% S0 75%

Q8: Is the linguistic search engine easy to use and learn?
47% 41% SO 83%

Q9: Was it easy to understand the functionality of the filters?
31% 45% 18% S 75%

Q10: Is the speed of the linguistic search engine acceptable?
52% 36% SV 82.5%

Q11: Did the filters help you reach the desired results easily and quickly?
28% 50% 16% S 75%

Q12: Did the presentation of the results help you quickly spot the desired results?
28% 48% 21% L 75%

Q13: Do you find the results more accurate/useful compared with Google Translate?
27% 44% 20% S 72.5%

Q14: Is the amount of the results sufficient and useful in each page?
30% 44% 18% S 75%

Q15: Is it useful to show lexicon names beside each result?
39% 43% 14% A% K1

Q16: Would you use the linguistic search engine again?
57% 27% AN L 90%

WExcellent m Good W Acceptable W Weak




Summary of Survey Results

Subjective user-experience

Criterion Satisfaction Learnability Efficiency Effectiveness Average

Questions Q10-Q12

Q13-Q16

Average 3% 83% 75% 80% 77.8%




Control Experiment

* Eight tasks were carried out in a controlled environment, in a lab environment

* Four types of tasks: (i) synonyms, (ii) meanings, (iii) translation, and (iv)
semantic differences between terms.

* Measure the efficiency and effectiveness of both Google Translate and the
lexicographic search engine.

* Two groups (A and B), each consisted of 3 participants (12 in total).

* 10 minutes tutorial to try both tools.

(- Suggest the best synonyms to replace elaborated, without changing \* f- Suggest best synonyms to replace 3,3,%, without changing the D K%
the meaning of the sentence: meaning of the sentence: =
o

The main idea of this lesson is elaborated in the textbook. A Akaall 8.3 5,5 a0 Jead Aokl el laadl 5 g yua &

Synonym 1: Synonym 2: Synonym 1: Synonym 2: a

- What is the meaning of accountin the following sentence: - What is the meaning of g5 in the following i
This report does not provide a sufficient account for constructing a hospital in this area. il ZU a5 g
Meaning 1: Meaning 2: Meaning 1: Meaning 2: @

- Translate the following sentence to English (without using machine - Translate the following sentence to English (without using machine

translation): ) ) ) translation):
R I Ja g il The proliferation of technology has limited our interaction and exposure to nature.
Translation 1: Translation 2: Translation 1: Translation 2:

SNueWas  uonejsuel|

- What is the semantic difference between 43¢ and 43¢ ?
Answer 1: Answer 2:

- What is the semantic difference between 48 and J2s31?

Answer 1:

Answer 2:




Summary of the Control Experiment Results

Table II. Task Time (in seconds) by participant by task Table III. Task Score by participant by task
Tasks
Participants Participants
T1 T2 13 4 T5 T6
P1 58 | 27 40 20 | 45 | 80 | 116 | 95 60 P1 8 10 10 10 10 8 10 10 |9.50
g § P2 43 17 62 30 [ 53 | 50 | 116 | 118 | 61 bl g P2 6 10 4 8 10 6 6 8 |[7.25
. | . |
& P3 30 | 24 37 51 [ 50 | 113 | 115 | 96 65 & P3 10 10 10 10 6 8 6 6 |8.25
§' o P4 110 | 39 60 31 25 | 195 | 123 | 85 84 §' o P4 10 10 0 10 8 6 8 8 |[7.50
G 2 |ps 116 | 48 77 43 27 | 190 | 120 | 77 87 G 2 |P5 8 10 0 6 4 10 6 10 | 6.75
a a
P6 50 | 40 67 43 | 37 | 160 | 150 | 102 | 81 P6 8 10 8 8 8 8 6 8 |8.00
Meantime 68 | 33 57 | 36 | 40 | 131|123 | 96 | 73 Average 8.33| 10 [5.66|8.66|7.66|7.66 | 7.00|8.33|7.91
P7 90 | 25 50 30 | 61 | 85 60 70 59 P7 0 0 4 4 10 8 0 0 |[3.25
G g P8 120 | 14 | 120 | 61 | 50 | 128 | 60 30 73 G § P8 8 0 4 0 6 10 0 0 |3.50
=) P9 110 | 30 80 60 | 71 | 220 | 60 30 83 I~} P9 8 0 10 0 8 8 0 0 |[4.25
Qo
3 o P10 | 27 | 26 40 15 18 | 75 11 12 28 g o P10 | 8 0 2 0 6 8 0 0 |[3.00
© E P11 | 37 | 27 43 11 22 | 85 17 30 34 I 21lP11| 4 0 4 4 6 4 0 0 |2.75
a a
P12 | 14 | 20 44 30 | 30 | 90 | 30 11 34 P12 | 10 0 4 0 4 8 0 0 |[3.25
Meantime 66 | 24 63 35 | 42 | 114 | 40 31 52 Average 6.336.67|4.66| 4 |6.66|/766| O 0 4.5
160 12.0
140 M Lexicographic Search Engine ™ Google Translate M Lexicographic Search Engine  m Google Translate
10.0
120
< 3
£ 80 g 60
:
g < 40
40 I
20 I I
0 0.0
Task1 Task2 Task3 Task4 Task5 Task6 Task7 Task 8 Task 1 Task2 Task3 Task4 Task5 Task6 Task7 Task8

Fig. 8. Meantime, in seconds, for each task (i.e., efficiency) Fig. 9. Average task scores for both tools (i.e., effectiveness)



Comparing both Approaches

subjective user-experience Vs. objective controlled experiment

Criterion Satisfaction Learnability Efficiency Effectiveness Average

Questions Q10-Q12 Q13-Q16

Average 73% 83% 75% 80% 77.8%
! \

Tasks
Participants Participants
M1 T T3 T4 T5 T6 T7

P1 [ 58|27 | a0 [ 20 | 45 | 80 | 116 P | 8 [ 1010 | 20 [ 10 | B 10 | 10 [9.50
w| R [P2 |43]17 [ 62 |30 53[50 |116[118] 61 | fu|F[P2 |6 [10] 4|8 [10]6 N6 |8 [725
Z P3 |30 24 | 37 [51|50|113]/115] 96 | 65 | /| % p3 J10/10[10]10] 6| 8 |%]| 6 [825
S| _[Pa [110] 39 [ 60 [ 31 | 25 [195[ 123 | 85 | 8a / S| _Ipa[10][10[0 10|88 |6 | 8N\8 [750
G| 2|ps |116] 48 | 77 |43 | 27 [190|120 [ 77 [ 87 J | G |2|ps [ 8 [10]| 0 |6 [ 4 [10] 6 Y [67s
“lpe |50 a0 | 67 | 43|37 [160] 150 [ 102 | 81 “lps [ 8 [10] 888 8|6 | s\soo
Meantime | 68 | 33 | 57 | 36 | 40 |131|123 | 96 | 73 Average  |8.33| 10 |5.668.66 | 7.66 | 7.66 | 7.00 | 8.33 P7-91
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