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ABSTRACT
The majority of web content is published in languages not acces-
sible to many potential users who may only be able to read and
understand their local languages. Prior research has focused on
using translation to provide users with information written in other
languages, yet there are still many languages with little or no such
resources. In this paper, we propose the use of intercomprehen-
sion – a form of communication in which speakers of two different
languages communicate using their own languages, mainly due
to similarities between the languages. Accordingly, we conducted
a user study to explore user interaction behaviour in a retrieval
environment where intercomprehension is expected; to investi-
gate the usefulness of search results, which assumes intelligibility
and relevance; and investigate affective episodes associated with
intercomprehension in retrieval through retrospection. Although
intercomprehension may come with a cost to understand unfa-
miliar languages, user preference of ranking of results in related
languages incorporates intelligibility, which assumes intercompre-
hension. Our findings also suggest that intercomprehension is use-
ful in retrieval for related languages – users are able to identify
relevant documents as well as complete search tasks by applying
intercomprehension. However, the negative emotions or frustra-
tion associated with intercomprehension suggest that this type of
interaction should be used in extreme cases where there are no
relevant or few documents available associated with the query.
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1 INTRODUCTION
Digital content such as information on the web provide opportuni-
ties for information access. Unfortunately, the majority of available
content is published in languages not accessible to many potential
users who may only be able to read and understand their local
languages. Previous Information Retrieval(IR) approaches, particu-
larly Cross-Lingual Information Retrieval (CLIR) and Multilingual
Information Retrieval (MLIR), have focused on translation of either
queries or documents in the retrieval pipeline to accommodate
such needs [33]. However, many of the languages of this nature
are Scarce Resources Languages (SRLs) and lack the necessary re-
sources such as machine translation tools to make the available
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content accessible[39]. In this setting, the main challenge is how to
make the available content to users with resource constraints. We
propose Intercomprehension – a form of communication in which
speakers of two different languages communicate using their own
languages, mainly due to similarities between the languages[32] –
to be used in IR with the assumption that users submitting queries
in a particular language can understand content in other closely
related languages or dialects.

Users applying intercomprehension in a retrieval scenario are
expected to perform reading intercomprehension [38], i.e., under-
standing text written in a language different from the language of
the reader or query, to find the relevant content from the retrieved
documents. Certainly, users may face difficulty to understand con-
tent in another language [16] as understandability may depend on
how intelligible the user language is with respect to the language of
the retrieved document. Accordingly, it is necessary to investigate
whether presenting users with results that require intercomprehen-
sion is useful to the user, and more specifically, how results with
varying levels of relevance and intelligibility should be presented to
the user. In addition, reading intercomprehension may require more
effort from the user and may lead to frustration and anxiety, and
therefore we study the type of emotions associated with different
levels of comprehension in our context.

In this paper, we present the first user study on intercompre-
hension in retrieval. We explore the user interaction behaviour in
retrieval environment in which intercomprehension is expected.
Specifically, we study the usefulness of search results, which as-
sumes intelligibility and relevance, i.e., topicality dimension. Our
user study also studies the ranking preference of users in this con-
text. We further investigate affective episodes associated with in-
tercomprehension in retrieval through retrospection. The study
answers the following questions:

RQ1 How should search results retrieved based on topicality and
intelligibility be ranked? Does intelligibility matter in the
rank preference of such results?

RQ2 Are search results in closely related languages useful to the
user?

RQ3 What type of emotions do users experience when interacting
with search results that require intercomprehension?

Our user study focused on six Bantu languages with varying
levels of intelligibility namely Cisena, Chichewa, Citonga, Cinyanja,
Citumbuka and Luganda. We hypothesised that users would pre-
fer documents that are relevant and comprehensible to be ranked
highly. Our results show that user preference of ranking search
results that assumes intercomprehension incorporate intelligibility
for relevant documents only, and this observation matched our
proposed theory. Interestingly, users find relevant search results
written in related languages useful and are able to complete a search
task using a document written in a language that they have not
seen before or casually familiar with. Ironically, we observed that
users experience mixed emotions in response to intercomprehen-
sion stimulus – some of the participants were surprised that they
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would be able to understand the contents of documents written in
an unfamiliar language and had a positive search experience while
others were frustrated and experienced negative emotions, which
affected their search experience.

The rest of the paper is organised as follows. Section 2 describes
related work on topics including retrieval for related languages,
emotions in retrieval and document understandability in retrieval.
Section 3 introduces the concept of intelligibility in the manner
explored in the study. Section 4 presents the procedure and assump-
tions made for the study. Section 5 outlines the results obtained
through the study. Section 6 discusses our findings and their impli-
cations and we conclude in section 7.

2 RELATEDWORK
Research work presented in this paper is related to studies in the
following areas: (i) retrieval for similar languages, (ii) comprehen-
sion and readability in retrieval, and (iii) emotions in retrieval. We
proceed to discuss each area.

2.1 Retrieval for Related Languages
Intercomprehension has not been studied in the context of retrieval
for similar languages. However, retrieval techniques that could
use intercomprehension have been studied with regard to retrieval
performance in system oriented studies. To improve retrieval ef-
fectiveness, language similarity in terms of vocabulary similarity
has been used to retrieve documents in related languages [3, 6, 12].
Vocabulary similarity has been used in CLIR – untranslated queries
together with string similarity matching methods are used to match
index terms of a closely related language. For instance, Buckley et
al.[3] used English-French cognates with spelling rules to perform
CLIR between English and French. CLIR with no query translation
involving related languages has also been used on non-alphabetic
languages; Gey [12] used Chinese queries on Japanese text and vice
versa with the assumption that the Japanese Kanji alphabet was
derived from Chinese language. Both studies reported lower perfor-
mance than retrieval involving query translation. Although these
studies are system oriented, the absence of translation assumes
that users can understand the retrieved documents in the related
language either through intercomprehension or bilingualism. The
other possible scenario is that understandability of the documents
is completely ignored.

Similarly, the effects of language relatedness on retrieval effec-
tiveness has been investigated in system oriented studies [5, 6] .
Chew at al. [6] investigated script similarity and genetic relatedness
for Indo-European and Semitic languages. The authors use Latent
Semantic Indexing (LSI) model and manipulated the training data
for the LSI model to include text from related languages and unre-
lated languages. The study concluded that retrieval improves as the
number of languages for parallel text in training increases and that
text from related languages significantly boosts retrieval. Related
to this work, Chavula and Suleman [5] investigated the interplay
between language similarity and different indexing strategies using
two Bantu languages spoken in Africa and English, and found no
differences in retrieval effectiveness when using different indexing
strategies and languages with different intelligibility levels. Both

studies involved related languages but did not investigate the aspect
of understandability or comprehension.

2.2 Document Understandability
Relevance has been argued to be multi-dimensional with notions
such as topicality, reliability, scope, novelty and understandability
[41]. However, the evaluation of retrieval systems with respect to
relevance has been shown to be limited to topicality [7, 27, 29, 41].
Zuccon [43] proposed understandability as an evaluation criteria
integrated with topicality, i.e., understandability biased evaluation,
based on Gain Discount Framework proposed by Carterette in [4].
This family of measure is based on an assumption that a relevant
document is not useful if the searcher cannot understand the con-
tents of the document. This assumption is important to the line of
research presented in this paper, i.e., it is necessary to know the
threshold of intelligibility a user is able to handle to have success-
ful intercomprehension. The evaluation measure has since been
proposed for evaluating consumer health search engines [44].

With the same objective of providing users with relevant and
understandable documents, features that capture the understand-
ability of documents have been used to train ranking models for
retrieval systems . Palotti et al. [31] used readability features as well
as medical vocabulary features to train ranking model for consumer
Health corpora, and improved retrieval effectiveness was observed
readability features to be in ranking models [42].

Recent years have seen more user centered research in retrieval
to model user search behaviour to improve user search experience
in different search contexts and information needs [22]. Corre-
spondingly, understandability has been studied in a user controlled
experiment. Dodson et al. studied the effect of highlighting in dig-
ital text on comprehension and found that relevant highlighting
has no effect on comprehension while negative highlighting has
negative effect [8].

2.3 Emotions
People experience emotions in all their interactions, and therefore,
it is unsurprising that several models for Interactive IR (IIR) have
proposed affect or emotion as one of the factors affecting IR inter-
actions [10, 36, 37]. Moreover, previous studies have shown that
emotions affect how people search and use information; the re-
search community has focused on what emotions are experienced
in search tasks and causes of the triggered emotions, the role of
the experienced emotions on search behaviour [25], and how prior
emotional state of a searcher or emotiveness of information objects
such as music and images can influence his/her choice [35].

Varying emotions are triggered in different search tasks – the
emotional polarities experienced in search sessions have been found
to correlate with positive attributes of the interaction including suc-
cessful search completion, easiness of tasks and readability of the
document while negative emotions were associated with negative
attributes such as frustration and difficulty to find the answer [25].
The objective of our work is similar to the following studies: first,
Arapakis at al. [1] studied emotions associated with search tasks of
varying difficulty and found that emotional polarity moved from
the positive to the negative side of the emotion spectrum when task
difficulty changed from low to high, and second, Lopatovska and



Intercomprehension in Retrieval: User Perspectives CHIIR, September 26–28, 2020,

Mokros [26] found that simplicity of writing style caused positive
emotions on participants who were asked to rate retrieved docu-
ments. In the linguistics community, the research objectives have
been to identify linguistics and non-linguistics factors or features
and statistical metrics that contribute to successful intercompre-
hension or predict intelligibility of languages, but no studies exist
investigating emotions in relation to intercomprehension. In the
light of these findings and setting, it is vital to know what emo-
tions are associated with users interacting with search results in
which intercomprehension is expected – our assumption was that
users would respond differently to this type of search scenario
with regard to emotions due to the unnaturalness of reading in an
unfamiliar language.

The main objective of the work presented in this paper is to
understand user experiences and behaviour in retrieval scenarios
where intercomprehension is expected to be applied by the searcher
to meet his/her information needs. Our contribution is towards im-
proving user experience of retrieval systems in resource constrained
environment. Specifically, this paper extends previous work in the
following ways: (1) we examine the issue of relevance and rank-
ing of results written in related languages, (ii) through analysis of
search behaviour and user explicit feedback, we explore the issue
of intelligibility and user propensity to accept search results that
require intercomprehension and the usefulness of such results, fi-
nally (iii) we investigate the affective nature of intercomprehension
in a retrieval environment.

3 INTELLIGIBILITY
Our work spans across different disciplines and involves topics that
have not been widely discussed in the field of information retrieval.
Therefore, we introduce intelligibility from linguistics in the light
of the studied languages.

Intelligibility is the degree to which a speaker of a language
understands the speaker of another closely related language [15].
Intelligibility is known to be affected by linguistic factors including
vocabulary, phonetics, morpho-syntax and extra-linguistics factors
such as previous language knowledge or exposure and attitude [16].
In linguistics, intelligibility is broadly measured by two methods
namely: (i) opinion testing in which L1 speakers of a particular
language rate themselves using a scale on how they understand
another unfamiliar language under study, and (ii) function testing
– participants complete tasks such as translation of a word list or
answer multiple choice questions from a text given in the task[14].
Intelligibility is also expressed as linguistic distance, the smaller
the distance the more related the languages are [16]. Linguistic
distance is estimated using language features such as vocabulary,
syntax and morphology. For example, the percentage of the number
of cognates (i.e., words with approximate similarity with respect
to sound or (orthographic) form and equivalent meaning) across a
vocabulary list of two languages is expressed as a lexical distance
[19]. Computational approaches based on information theory and
statistics use metrics such as entropy[21], surprisal [13, 18, 38]
and perplexity distance to estimate intelligibility [9, 11]. These
methods also use language features such as vocabulary or corpus
as determinants of intelligibility .

Languages investigated in the study belong to the family of
Bantu languages in group N. Bantu languages are spoken by over
240 million people found in about twenty eight countries in the
Sub-Saharan Africa [30]. Bantu languages are uniquely identified
by a character code system of three to four letters proposed by
Guthrie (1967 – 71) [17]. The first character in the code, an up-
percase letter, indicates the regional zone (A to S) and is followed
by two digits in which tens indicate the language group and the
ones indicate the individual language. The code sometimes ends
with a lowercase letter, which corresponds to a dialect. Languages
in group N are spoken in Southern and South–east of Africa in
countries including Zimbabwe, Malawi, Zambia, Mozambique and
Zambia. Specifically, our languages of focus are identified as Citum-
buka (N20), Chichewa(N31a and Zambian dialect Cinyanja(N31b),
Cisena(N40) and Citonga(N15). Group N languages are known to
have major similarities based on syntax, vocabulary and morphol-
ogy, and be truly genetically related [30]. Kiso [23] reported that
Cisena, Citumbuka and Chichewa are not intelligible, based on
information obtained from informants. Chichewa is widely spoken
in Malawi, i.e.,taught in most schools, and many of Cisena, Citum-
buka and Citonga speakers are familiar with the language. However,
many Chichewa speakers are not familiar with Citumbuka, Cisena
or Citonga as these languages are only spoken in specific areas.
Cinyanja is variant of Chichewa spoken in Zambia and has bor-
rowed from other local languages. Malawi Citonga is only available
in Malawi and is spoken by Tonga people on the northern part
of Malawi in the lake region. However, not any form of analysis
has been done to understand the intelligibility of these languages.
For the purposes of our study, we implemented both opinion and
function testing to understand the intelligibility of the investigated
languages. We added documents written in Luganda (JE15) for the
search task to have a language that is new to all participants. Lu-
ganda is a Bantu language widely spoken in Uganda by the Buganda
people. Section 5 reports intelligibility scores for participants on
opinion testing and functional testing task of reading text in other
languages.

4 CONTROLLED USER STUDY
To investigate user behaviour and usefulness of intercomprehen-
sion in retrieval, a controlled user controlled study was conducted
with four tasks: ranking of search results, completing search tasks,
emotional reflection and text comprehension.

4.1 Experimental Design
Our strategy to answer the stated research questions holistically
was to use the same tasks for all participants regardless of their
prior language knowledge. Using a within-subject design, each par-
ticipant performed four search tasks. Each participant completed
the tasks in a single session and the average completion time was 60
minutes. We used Graeco-Latin square to rotate tasks to avoid task
sequence interference and to minimise fatigue effect. The study had
a single independent variable namely, intelligibility and three de-
pendent variables based on the subtask: (i) emotional experience, (ii)
rank, (iii) search task completion and document usefulness, and (iv)
comprehension. Pre-defined sets of documents were presented to
the participants regardless of their search queries. The languages of
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relevant documents were varied and rotated around four languages
namely Citumbuka, Chichewa, Cinyanja, Citonga. Additionally, two
documents in Luganda and Cisena were included in the retrieved
documents but none of these documents were relevant.

4.2 Participants
An invitation to participate in the study was distributed via email to
all registered students and through social media outlets for Zambia
and Malawi student societies.All participants were living in South
Africa at the time of the study.Wewere particularly interested in the
participants language competencies and we used their self-reported
mother tongue competency on the registration form to assign them
a language for the study. Twenty four respondents(13 male and 11
female) were enrolled into the study. No competency tests were
performed for participants to qualify for the study. Participants
signed a consent form before taking part in the study.

4.3 Apparatus
4.3.1 Questionnaires. Participants first completed an entry ques-

tionnaire, which consisted of demographic questions, language
competency questions on five languages, i.e., Citumbuka, Citonga,
Cisena, Chichewa and Cinyanja and questions on their search ex-
perience using their L1. A participant’s L1 was used to assign par-
ticipants to a language in which the study was conducted in. A
post-task questionnaire was administered after completing each
search task to ascertain the emotional episodes associated with
each search task. The questionnaire had four questions taken from
Geneva Appraisal Questionnaire (GAQ) (questions 4, 5, 8 and 33).
We also adapted GAQ’s question 34 for use with Plutchik’s wheel
[34] to provide more choices of emotions than those listed in GAQ.
Plutchik’s wheel lists several emotions with varying intensity and
is used in studies in which emotional intensity is important [35]. A
post-session interview was used to obtain qualitative data to un-
derstand more about their general attitude and behaviour towards
intercomprehension in retrieval.

Study
Procedure

Fill
demographic
questionnaire

Complete
Search
problem

Get search
problem and

context

Rank retrieved
documents

Submit relevant
content

or answers

Emotion
retrospection

Translate
documents

Figure 1: Procedure Used to Conduct the Study

Task Title Description
Task 1 Benefits of Drinking

water
What are the benefits of
drinking water? What
is the minimum quan-
tity of water an adult
should drink in a day?

Task 2 Prevention of diseases How can people protect
themselves from sick-
nesses?

Task 3 Life after death What theories do differ-
ent communities teach
about the place where
those who have died
go?

Task 4 Origin of life What theories have peo-
ple formulated about
the beginning of life?

Table 1: Description of tasks completed in the search task

4.3.2 Tasks and Topics. The study consisted of four sub-tasks
namely: ranking of search results, completing search tasks, retro-
spection of emotion episodes and testing of text comprehension.
Four search problems were used in the study and all participants
completed the same search problems. These search problems were
formulated by three assessors selected from the respondents inter-
ested to take part in the study.

The assessors translated the tasks to three languages namely,
Chichewa, Citumbuka andCinyanja. Thereafter, the assessors judged
the documents for relevance. The assessors used graded relevance
to assess the documents based on the following scale: 0 for not rele-
vant, 1 for marginally relevant, 2 for fairly relevant and 3 for highly
relevant. In total, 24 documents were presented to participants in
the search task and five documents in the text comprehension task.
Only six documents were returned in each search task. All partici-
pants were presented with the same documents regardless of the
language used in the study. However, the search problems were
presented to participants in their L1.

4.4 Procedure
The study was divided into three major tasks:(i) participants first
filled a demographic questionnaire, (ii) performed four search tasks
and (iii) translated four documents written in other languages as
well as submitting a score on how they understood the contents of
the document.

4.4.1 Getting Started. Participants participated individually. Each
participantwaswelcomed andwas led to the researcher’s laboratory
where experiments were being conducted. The researcher explained
the purpose of the study and tasks to be completed. Thereafter, the
participant was asked if he or she was willing to proceed with
the experiment and the participant signed a consent form. The
researcher explained the procedure for completing the experiment
and the participant was given login details for the web application
custom built for the study. After a successful login, a tutorial page
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Figure 2: Assessing the documents for relevance page

Figure 3: Example of topic presented to participants

about the tasks to be done was loaded and participants proceeded
to fill a demographic questionnaire after reading the tutorial.

4.4.2 Search Problem. After completing the questionnaire, par-
ticipants proceeded to run the study tasks. Firstly, participants were
presented with a page explaining an information need. The infor-
mation need description had the following sections following TREC
topic style: title, description and an explanation of what a relevant
document should contain. This information was given in the lan-
guage assigned for the study for each participant. The information
provided at this stage was used to complete the following task:

(1) Ranking – Participants proceeded with a search task and
six documents were retrieved pre-selected for the search
problem. The documents were presented to the participant
unranked. Participants ranked the retrieved documents by
dragging documents to preferred positions – participants
were asked to order documents the way they would have
preferred a search engine to rank them.

(2) Search Task completion– After submitting the preferred
order, participants received the same set of documents but

ordered using their rank preferences. In this page, the partic-
ipant was instructed to find the relevant content that meets
the search problem. Once the participant was convinced of
the answer, the participant clicked on a button to submit: i)
the relevant information obtained in the documents written
in his/her language used in the study and (ii) the title of
documents were the answer or relevant content was found.

(3) Emotion Introspection After completing each search task,
participants answered questions about their emotions’ ex-
perience when they were finding the answers to the infor-
mation need. The questions aimed to understand whether
the participant was frustrated or enjoyed as a consequence
of reading documents in certain languages to complete the
tasks.

After completing each search problem and all the three sub-tasks
associated with it, a new search problem was loaded. After complet-
ing four search problems, participants were given a page describing
the translation task.

4.4.3 Text comprehension. Four documents each written in a
different language were used in the text comprehension task de-
pending on L1 of the participant. Each participant translated the
title and first two sentences of a paragraph written in a language
different from his/her L1. Also, the participant gave a scale on how
they understood each of the documents using the following refer-
ence: ’0 for I understand nothing‘, ‘1 for I recognize a few words‘,
’2 for I understand a few sentences or some sections‘, ’3 for I un-
derstand everything except a few words‘ and ’4 for I understand
everything‘.

The study was completed after four translation tasks were fin-
ished. The participant notified the researcher that the study is
complete. The researcher asked the participant a question about
the tasks. Finally, the participant signed a payment form and was
given a compensation of R100.

5 RESULTS AND ANALYSIS
5.1 Participants Characteristics

5.1.1 Participants Demographics. Participants were of diverse
educational background as follows: Science (7), Law (3), Humanities
(5), Commerce (2), Engineering (3) and Health Sciences (4). Partici-
pants were also studying at different levels namely PhD(7), MSc(6),
and Undergraduate(11). They ranged in age from 18 to 50: 18 to 25
(11), 26 - 35 (7) and 36 - 50 (6). Participants were also asked if they
had used their mother tongue prior to the experiment to search
the web and 16 out of 24 ( 67%) participants claimed to have used
their L1 to search or read information on the web on topics such
as current affairs, music, poems, plays and videos, religious mate-
rial and translation of words. Participants who had not searched
using their mother tongue indicated that they use English to search
and believed that they would not find relevant content using their
mother tongue.

5.1.2 Language Competencies. Three languages were used by
participants(L1) in the study and the following are the languages:
Citumbuka(7), Cinyanja(6) and Chichewa (11). We obtained lan-
guage competency scores through self reported method before and
after the study. Competency scores reported after the study was
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done after completing a text comprehension test for a particular
language. Figure 4 shows a bar chart for self reported competency
levels registered before the study. All the participants had good

Figure 4: Self-reported competency scores for participants
before completing any task in the study

knowledge of Chichewa. Most of the participants had some knowl-
edge of Cinyanja and Citumbuka. Most of the participants had no
knowledge of Citonga and Cisena.

Participants were given documents to read and score themselves
on how they understood the document on a scale of 0 to 4 towards
the end of the study. Figure 4 shows a bar chart of text comprehen-
sion scores during the study. The scores reported before and during

Figure 5: Average reading comprehension scores by L1

the study using a text comprehension task shows that the self re-
ported scores were lower than those obtained during the study,

which may have been due to participants being unfamiliar with
the language, i.e., it is hard to give opinion on a language that you
are unfamiliar with or encountered. To measure the variation of
competency scores measured after the text comprehension task and
self-reported or opinion scores, we calculated Intraclass Correlation
Coefficients (ICC). ICC estimates and their 95% confidence intervals
were calculated based on single measure, absolute-agreement and
2-way mixed-effects model. The ICC value was 0.641 and its 95%
confidence interval was between 0.257 and 0.811, which means
there is 95% probability that the true ICC value can be at any point
between 0.257 and 0.811. We conclude that there is poor to strong
agreement between the two used methods. Similar to our results,
previous work has found some variation in scores reported using
the two methods. Also, previous work has found that functional
testing corresponds more to true intelligibility than opinion testing
[16]. Accordingly, we proceeded to use the scores for text compre-
hension in our analysis of results on ranking and emotions.

5.2 Ranking
We were interested to know ranking preferences of users for search
results written in related languages and ultimately wanted to an-
swer the following question(s):
RQ1 What are the ranking preferences of users for search results

in related languages? Does intelligibility matter in the rank
preference of such results?

Participants conducted a ranking task in which they provided their
rank preference of six documents for the four tasks. We transformed
the position of each document to a rank – the first document in the
rank to the value of 1 and proceeded in this manner up to 6 for the
last document appearing in the list.

5.2.1 Ranking Agreement. We first calculated correlation co-
efficients for each ranking provided by each participant against
every participant ranking to investigate whether the ranking of
participants were similar regardless of their L1. Figure 6 shows
the plot of correlation coefficients of the rankings. There are some
correlation for the rankings regardless of L1, which may be due
to the ranking of relevant documents. However, two participants
ranked documents very differently from the other participants : low
to negative correlation coefficients were reported .

5.2.2 Rank Preference by L1. We next wanted to find out how
participants of a particular L1 ranked documents in each task to ob-
serve if there are any differences. We plotted box plots for rankings
for each task and grouped the plots by L1. There were three relevant
documents for task 1 written in Chichewa, Citumbuka and Cinyanja
documents. Citumbuka and Chichewa documents were highly rele-
vant while the Cinyanja document was fairly relevant. Cinyanja
and Citumbuka speakers ranked the Chichewa document highly
but most of Citumbuka speakers ranked Citumbuka document
highly. This shows some evidence of users preferring documents in
their own languages or more closely related languages when multi-
ple relevant documents exist. Almost all Cinyanja and Chichewa
participants are not familiar with Citumbuka, and relied on inter-
comprehension to decide on the ranking, i.e., participants mostly
ranked Cinyanja and Chichewa documents on either position 2 or
3. Interestingly, the Luganda document was ranked highly than
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Figure 6: Plot of correlation coefficient of rankings of each
participant against every participant.Rankings from two
participants reported very low to negative correlation.

Figure 7: Rank preferences for Task 1 grouped by L1. The rel-
evant documents for this taskwasCinyanja, Citumbuka and
Chichewa with relevance scores of 2, 4 and 4 respectively.

Cisena document although both documents were irrelevant and
Cisena is in the same family of languages with the rest of the lan-
guages. This might be due to participants not interested in ranking
documents they know are not relevant but also incomprehensible
to them.

Task 2 had only one relevant document written in Citumbuka.
Almost all participants ranked the Citumbuka document on first
position except one Chichewa participant who ranked it at 6. The
ranking of Citonga document was also consistent on position two

Figure 8: Rank preferences for Task 2 grouped by L1. The Ci-
tumbuka document was the only relevant document in the
task.

with a few participants ranking it at different positions(see Figure
8).

Figure 9: Rank preferences for Task 3 grouped by L1
and Cinyanja document was the only relevant document.
Chichewa , Citumbuka and Citonga documents were on top-
ics in the domain of the task topic.

The relevant document for task 3 was written in Cinyanja. Three
documents written in Chichewa , Citumbuka and Citonga discussed
related content but their topics were far to that of the task. Most
of the participants ranked the Cinyanja document highly (see 9).
Citumbuka and Chichewa documents were ranked relatively higher
by most participants unlike the Citonga documents, which may
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have been due to the low relevance as well as intelligibility, i.e.,
Citonga is not widely used and almost all the participants were not
familiar with the language.

Figure 10: Rank preferences for Task 4 grouped by L1. The
Citonga document was the only relevant document for the
task. Luganda and Citumbuka documents discussed broad
other unrelated topics in the domain of the task.

Relevant document for the fourth task was written in Citonga,
one of the languages most of the participants were unfamiliar with.
Ranking this document highly required intercomprehension. 16
out of 24 participants ranked the Citonga document highly on
first position. Additionally, there were some documents in other
languages that had broad topics related to the search task topic, i.e.,
Luganda and Citumbuka, and were also ranked highly(see 10).

We observed that preference in rankingwas given tomore closely
related languages when multiple relevant documents existed. Doc-
uments with very low relevance (similarity in aboutness of topics)
and higher intelligibility were ranked lowly. When documents were
not relevant most of the participants did not care about ranking
even if the documents were fully comprehensible to them (see 10
for ranking of Chichewa documents (This may have been the last
document in the list of the unordered documents when partici-
pants first got the search results). The average competency score
for Chichewa was four or excellent for Citumbuka and Chichewa
speakers and three or confident for Cinyanja speakers).

5.2.3 Ranking by Relevance and Intelligibility. We initially hy-
pothesised that users would want documents to be ranked based on
relevance and intelligibility if intercomprehension is assumed as fol-
lows: i) Relevant and comprehensible documents should be ranked
highly, ii) relevant documents but less comprehensible should fol-
low, iii) if relevance is the same, priority in ranking should be given
to more comprehensible documents to the participant. Essentially,
ranking should be based on relevance first and intelligibility should
be used as a secondary attribute. Our proposed ranking principles
are expressed in an algorithm SimRank in 1. Using the proposed

approach, we created a ranking for each task for each L1 – our
input being the average scores for reading intercomprehension task
for participants of a specific L1 and relevance judgements provided
by monolingual assessors. What follow, is our investigation on
the similarity or distance between the hypothetical rankings and
rankings provided by participants. We proceeded with two types of
tests as proposed in [28] for comparing rankings in retrieval using
Kendall Tau τ and Kolmogorov-Smirnov Test.

Data Transformation. We merged the rankings of participants
by L1 and task using Borda Count voting model. Borda Count is
an election method in which voters rank candidates by preference
and the winner is chosen based on the points accumulated from
beating other candidate. Borda Count has previously been applied in
retrieval in the context of aggregating meta-search results, and has
produced competitive results relative to more advanced techniques
using supervised learning [2, 24, 40].

Given a set of rankings for task i (i = 4), Ri = Ri1,Ri2, . . . ,Rim
(where m is the number of participants using L1 k) of a set of
documents Di = di1,di2,. . . ,din where n = 6. For each ranking Ri ,
assign to document di j points equal to the number of documents
ranked lower than itself, i.e, a document ranked on first position
gets n or 6, second position gets n − 1 or 5, third position 4 and last
position gets 1. The total count for document dj is the number of
points it accumulates from all its rankings seen in the sample for
participants with this L1 on this task. The accumulated points are
used to rank documents in descending order for task i using L1 k.

Ranking Correlation using Kendall Tau. Kendall Tau measures
the strength of association between two sets of ranks given to a
same set of objects. We test the null hypothesis that Kendall Tau = 0,
i.e., the two sets of ranks are not similar. The alternative hypothesis
is that the ranks are correlated, i.e., Kendall Tau is non-zero. The

L1 Kendall Correlation p-value
Citumbuka .6096 0.0001835
Chichewa 0.625 0.0001232
Cinyanja 0.6333 9.993e-05

Table 2: Kendall Correlation by L1

Kendall Tau statistic values indicate that there is a strong correlation
between the observed user ranking and the expected rankings from
the hypothetical ranking algorithm. The p-values are very small (p
< 0.05) and we reject the null hypothesis(Tau = 0). Therefore, we
conclude that the ranking provided by the user is similar to the
hypothetical rankings.

Goodness of Fit Test. Weproceededwith the Kolmogorov–Smirnov(K-
S) Test to see if the empirical ranks from the sample come from
the same distribution or follows the distribution of our hypothet-
ical ranking. The K-S statistic quantifies a distance between the
empirical distribution function of the sample and the cumulative
distribution function of the reference distribution, or between the
empirical distribution functions of two samples. K-S Test is suitable
for ordered categorical data [20] with a large sample size and to
off-set that we use bootstrap method to estimate the best p-value
for D.
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We test the null hypothesis that the two sets of ranks come from
the same distribution. The obtained D values indicate that the two
samples come from the same distribution, i.e. D is close or equal
to zero (D gives the maximum distance between the Cumulative
Distribution Functions(CDFs) of the two samples). We accept the
null hypothesis that the distributions are the same, i.e., our p-value
is 1(for significance level p > 0.05) The results of Kendall Tau and

L1 Kolmogorov–Smirnov
D

p-value

Citumbuka 0.041667 1
Chichewa 0 1
Cinyanja 0 1

Table 3: Kolmogorov–Smirnov Statistic and test by L1

K-S statistics and metrics indicate that the two rankings are similar.

5.3 Emotions and Search Completion
Participants were asked to complete a search task by submitting
the title(s) of relevant document and topic answers that they found
from the documents. The first task had three relevant documents
written in Cinyanja, Chichewa and Citumbuka. The topic was an
informational task and information required were facts. All the
participants were able to complete the task.

The second and third topics were also fact topics with one rel-
evant document each written in Citumbuka and Cinyanja respec-
tively. Two Chichewa and one Cinyanja participants did not com-
plete the second task, i.e., were not able to submit answers for the
task. Three Chichewa speakers were not able to complete the third
task. Analysing the data further showed that the same two partici-
pants did not complete tasks in both tasks and their rankings were
out of agreement with those provided by other participants sharing
the same L1.

The relevant document for the fourth taskwaswritten in Citonga,
and was written in such a way that the reader needed to understand
the presented content to submit an answer. Moreover, the document
was written in a language participants were not familiar with. Five
participants were not able to complete the task.

5.3.1 Emotions. Emotions affect behaviour and may cause users
to approach or avoid a system. Therefore, the user study is designed
to explore the affective aspects of intercomprehension in a retrieval
scenario. Our aim is to understand the level of enjoyment and
frustration a user could experience in applying intercomprehension
when reading search results. The effort required to understand a
document written in an unfamiliar language may lead to frustration
and stop a user from completing their search task completely.
RQ3 What type of emotions, i.e., negative and positive, do users

experience when interacting with search results that require
intercomprehension?

After each search episode participants provided their emotion
experience using a Geneva Appraisal Questionnaire (GAQ) and
PlutchikâĂŹs wheel. The PlutchikâĂŹs wheel allowed participants
to explicitly specify the type of emotion that have just experienced
in the task. We classified the emotions provided into two classes

Figure 11: Task completion status by task

namely negative and positive emotions for each participant for each
task [34]. Figure 12

Participants were also asked to indicate whether they struggled
to complete a task. We wanted to know if there is any association
between the type of emotion and whether a participant struggled
or not. We conducted Fisher’s exact test of independence (p > 0.05)
with null hypothesis that emotion type and struggling status are
independent, i.e., the probability of experiencing positive or nega-
tive emotions is the same whether someone struggling with a task
or not. The odds ratio shows how strong the association between
struggling and emotions is. The results for Fisher exact test provide

Task p-value odds CI
Task 1 0.001976 0 0.0000000 to 0.3225179
Task 2 0.01087 0 0.0000000 to 0.7203821
Task 3 0.5212 0.4882077 0.02013983 to

34.63301267
Task 4 0.357 0 0.00000 to 23.40011

Table 4: Fisher’s exact test by task

mixed results. For task 1 the p-value is very small as well as the
value of the odds ratio. our null hypothesis for Fisher’s exact test is
that struggling and emotions are independent. Therefore, the null
hypothesis is rejected (p<0.05 for 95% significance level). A very
small odds ratio says that the differences are big. The confidence
interval for the odds ratio is small, i.e., the odds ratio has been
precisely estimated. This is the same for Task 2. Surprisingly, for
task 3 the p-value is big, the null hypothesis is accepted (p>0.05
for 95% significance level). A very small odds ratio says that the
differences are big. The confidence interval for the odds ratio is
large, i.e., low precision for the odds ratio. This is the same for Task
4. Ignoring, the odds ratio value, we can conclude that the null
hypothesis is rejected for Task 1 and Task 2 and accepted for Task
3 and Task 4. Using the odds ratio only indicates that struggling
affects emotions.
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Figure 12: Classification of emotions

6 DISCUSSION
We have shown evidence that search results in closely related lan-
guages are useful to the user through our controlled user study.The
study provided insights on how users may interact with search re-
sults were intercomprehension is expected. Our analysis has shown
that users can easily identify relevant documents in related lan-
guage and can understand the contents based on how intelligible
their languages are. This is very important in resou;rce constrained
environment were digital content written in local languages is
limited.

The study has shown that users ranked highly relevant docu-
ments in their mother tongue in compared to documents in other
related languages. However, users wanted to see irrelevant docu-
ments in their mother tongue ranked lower than fairly relevant
documents written in related languages. In terms of completing a
search task, our results indicate that users struggled with unfamil-
iar languages,i.e., their first encounter with the language was in
the study. Surprisingly, some participants with similar language
profiles enjoyed and completed the tasks with less struggle - such
participants reported positive emotions at the end of the task. This
may be due to the subjective factors such as personality traits that
may affect how people are willing to accept or explore new things
[16]. This dimension was not explored in this current study. In cases
where users are not able to understand content, users may become
frustrated and experience negative emotions. Negative emotions
in retrieval have been shown to impact users negatively [25], and
may negatively affect the experience of users and make intercom-
prehension undesirable.Therefore, it is necessary to study how it
can be incorporated in retrieval scenarios through methods such
as personalisation.

It is possible that a similar study may have different outcomes
due to the size of sample in terms of number of languages being
explored and their attributes and number of people in the study and
their language competencies languages with different attributes.
One of the limiting factors in our study was to find people with

no knowledge of other languages. This was particularly difficult
for speakers of Citumbuka as Chichewa is used widely as a lingua
franca as well as taught in schools in Malawi. Additionally, true
intelligibility is relative and depends on different factors, and cannot
be replicated across individuals.

7 CONCLUSION
We have explored user interaction behaviour in a retrieval scenario
in which intercomprehension is expected. In particular, through our
user study tasks and analysis, we have shown that ranking results
based on intelligibility and relevance is useful in cases of limited
relevant search results. We also investigated the type of emotions
that users performing intercomprehension in retrieve scenario may
experience and have found that users experience both positive and
negative emotions: with a combination of positive and negative
emotions in cases were intercomprehension is expected. Our future
work will investigate how to rank search results with assumed
intercomprehension using learning to ranking methods.
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