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We administered six functional intelligibility tests, i.e., spoken and written versions of (i) an isolated 

word recognition test, (ii) a cloze test at the sentence level and (iii) a picture-to-text matching task at 

the paragraph level. The scores on these functional tests were compared with each other and with in- 

tersubjective measures obtained for the same materials through opinion testing, i.e., estimated and per- 

ceived intelligibility. The native language of the speakers and listeners belonged to one of three groups of 

European language families, i.e., Germanic (Danish, Dutch, English, German, Swedish, yielding 20 within- 

family pairs of different speaker and listener languages), Romance (French, Italian, Portuguese, Romanian, 

Spanish, yielding 20 language pairs) and Slavic (Bulgarian, Croatian, Czech, Polish, Slovak, Slovene, i.e., 30 

pairs). Results from 13,566 participants were analyzed for the 70 within-family combinations of speaker 

and listener languages. The word recognition test and the cloze test revealed similar patterns of intelli- 

gibility but correlated poorly with the picture-to-text matching scores. Both measures of judged intelligi- 

bility (estimated and perceived) correlated highly with one another and with the functional test scores, 

especially those of the cloze test. We conclude that lay listeners are able to judge the intelligibility of a 

non-native test language from within their own language family. Moreover, participants understood writ- 

ten language better than the spoken forms. Advantages and disadvantages of the various intelligibility 

measures we used are discussed. We conclude that the written cloze procedure which we developed is 

the optimal cross-language intelligibility test in the European language area. 

© 2017 Elsevier B.V. All rights reserved. 
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. Introduction 

A considerable research effort has been made during the past

ecades to establish the extent to which speakers of one lan-

uage variety may understand the speech of another, related va-

iety. The degree of mutual intelligibility between language vari-

ties has been used as a criterion to decide whether the vari-

ties were dialects of the same language or varieties of different

anguages (e.g., Voegelin and Harris, 1951 ; Hickerton et al., 1952 ;

ierce, 1952 ; Wolff, 1959 ). Moreover, it has been argued that an

xplanatory theory of language should be able to predict cross-

inguistic intelligibility between languages from systematic com-

arison of their formal, structural properties ( Van Heuven, 2008 ).

uch an undertaking presupposes the availability of valid cross-

inguistic intelligibility data. 
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There may also be more practical reasons to study mutual

ntelligibility between language varieties. When two related lan-

uages are mutually intelligible even at first confrontation, as

n the Scandinavian language group ( Haugen, 1966 ; Maurud,

976a, b ; Bø, 1978 ; Börestam Uhlmann, 1991 ; Delsing and Lundin
˚ kesson, 2005 ; Gooskens et al., 2010 ), there would be no need

o teach the related language in the school curriculum. If re-

ated languages have a moderate degree of mutual intelligibil-

ty, educational policy makers may want to know if it would be

ore efficient to design a curriculum to bridge the intelligibility

ap between the related languages ( Klein and Stegmann, 20 0 0 ;

ufeisen and Marx, 2014 ) than to teach both language groups to

se a third language as a lingua franca (e.g., English). 

A wide variety of methods have been developed to capture

he degree of cross-language intelligibility in a single number. The

ethods differ depending on the modality (speech versus writ-

en language), age of the participants (young, adult), precision and

overage aimed at, as well as time and means available for ad-

inistering the test(s). Our aim is to present, compare and evalu-

te results of various measures of cross-language intelligibility be-

ween closely related languages. Specifically, we are interested in

http://dx.doi.org/10.1016/j.specom.2017.02.008
http://www.ScienceDirect.com
http://www.elsevier.com/locate/specom
http://crossmark.crossref.org/dialog/?doi=10.1016/j.specom.2017.02.008&domain=pdf
mailto:c.s.gooskens@rug.nl
mailto:v.j.j.p.van.heuven@hum.leidenuniv.nl
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the question of whether opinion testing can be used as a valid sub-

stitute for the more laborious functional intelligibility tests. 

Methods of intelligibility testing can be categorized into two

types, which we will refer to as judged intelligibility (‘ask the in-

formant’) and functional intelligibility (‘test the informant’). When

using judged intelligibility (also called ‘opinion testing’) subjects

indicate how well they think they understand a language or some

sample produced in it. This is a quick and easy way to obtain an

estimate of the intelligibility of a language. 

The simplest kind of judged intelligibility testing involves no

written or spoken language samples at all. Participants are sim-

ply asked how well they think they would understand language X.

We refer to this method as estimated intelligibility . An example of

such an investigation is Haugen (1966) , who asked Danish, Norwe-

gian and Swedish participants how well they believed they would

understand speakers of the other two Scandinavian languages (i) if

they had never heard such a speaker before, (ii) given their present

experience with the other language, and (iii) how well they would

themselves be understood by the other person. Responses could

be indicated on a scale such as: ‘not at all’ — ‘with great difficulty’

— ‘if I listen attentively’ — ‘all but a few words’ — ‘I would un-

derstand everything’. An advantage of this written method is that

no stimulus materials have to be presented, which eliminates the

problem of having to find speakers with equally intelligible voices

in each of the languages tested. It is unclear, however, to what ex-

tent the respondents’ opinions are influenced by (positive or neg-

ative) experiences with, or attitudes towards, the other language,

stereotyping (e.g., ‘Danish is not a language, it is a disease of the

throat’) and political correctness. 

Alternatively, we may ask language users to judge the intelli-

gibility of actually presented samples of spoken or written lan-

guage, in which case we speak of perceived intelligibility . For in-

stance, Tang and Van Heuven (2007) had native listeners of 15 dif-

ferent Chinese languages (‘dialects’) rate the intelligibility of the fa-

ble “The North Wind and the Sun”, spoken in each of these 15 Chi-

nese dialects. Participants indicated how well they believed mono-

lingual speakers of their own dialect would understand the fable if

they had never heard it before, using an 11-point scale ranging be-

tween 0 (“They will not understand a word”) to 10 (“They will un-

derstand everything”). There is no guarantee, of course, that these

judgments are a valid representation of the actual (‘functional’) in-

telligibility. 

Most researchers, therefore, prefer to measure actual speech

comprehension, i.e., by functional intelligibility testing . Here, listen-

ers have to demonstrate that they effectively understood the in-

put, e.g., by carrying out instructions given in the non-native va-

riety or by deciding whether a sentence is true or false (for a

survey of techniques see Van Bezooijen and Van Heuven, 1997 ;

Gooskens, 2013 ). 

Not many studies have systematically compared results of dif-

ferent methods of intelligibility testing. Doetjes (2007) measured

the intelligibility of Swedish for Danes (and vice versa ) using the

same materials in six different tests: true/false questions, multiple-

choice questions, open questions, word translation, summary, and

short summary. Scores decreased from 93% correct for true/false

questions to 66% for short summaries, showing that it is difficult

to compare intelligibility scores across tasks. Nevertheless, Danes,

for example, obtain higher scores on Swedish tests than vice versa ,

not only in Doetjes (2007) but in the majority of studies on mutual

intelligibility of spoken Scandinavian languages (for a survey see

Schüppert, 2011 ). Test scores obtained from different intelligibil-

ity tests involving the same languages and listeners groups should

therefore be strongly correlated. Indeed, Tang and Van Heuven

(2009,2015) report high – but imperfect – correlation coefficients

for scores obtained by judged intelligibility and by functional intel-

ligibility tests at the word and sentence levels: correlations ranged
etween r = .77 and .82 (with 225 combinations of test dialects

nd listener dialects). This still leaves 33 to 41 percent of the vari-

nce unexplained, and therefore the authors prefer functional test-

ng to opinion testing, and recommend the latter method only if

unctional methods are either too costly or too time-consuming.

ang and Van Heuven, however, used different materials when col-

ecting judgment data (readings of the North Wind and the Sun fa-

le) than in their functional intelligibility tests (isolated words and

 list of short everyday sentences). The correlation between judged

nd functional intelligibility might have been stronger if the same

aterials had been used for both types of test. 

The present paper reports on the results of a comprehen-

ive project on cross-language intelligibility between closely re-

ated languages within the Germanic, Slavic and Romance language

roups in Europe (for background and details see Van Heuven

t al., 2015 ; Golubovi ́c, 2016 ; Swarte, 2016 ). We used three differ-

nt functional tests, i.e., a word translation task, a cloze test and a

icture-to-text matching task, and applied these tests in both the

ritten and spoken modality. The tests were carried out by means

f an Internet application, so that a large number of languages and

articipants could be targeted. In total, 16 languages in 70 combi-

ations of participant language and test language were functionally

ested. We also collected judged intelligibility scores by having the

ame participants answer questions about their estimated and per-

eived understanding of the test language both in the spoken and

ritten modalities. This body of data allows us to systematically

ompare the results of three different functional tests and to com-

are the results of functional tests with the opinion scores, and to

stablish the extent to which the results may differ across modali-

ies. 

. Method 

.1. Functional intelligibility test battery 

We tested the intelligibility of 16 languages ( Section 2.2 ) func-

ionally by administering six tests, which covered spoken and writ-

en communication at the level of (i) intelligibility of single words

word recognition test), (ii) intelligibility at the sentence level

cloze test), and (iii) global message understanding at the para-

raph level (picture-to-text matching task). We will now briefly de-

cribe these six functional tests. 

.1.1. Cloze test 

A cloze test (also called ‘cloze deletion test’) consists of a text

ith words removed at regular intervals (e.g., every sixth word),

reating gaps where the participant is asked to restore the missing

ords. Cloze tests require the ability to understand context and

ocabulary in order to identify the correct words or type of words

hat belong in the gaps. The term ‘cloze’ is derived from the no-

ion of ‘closure’ in Gestalt theory. The exercise was first described

y Taylor (1953) . Cloze tests are often used to assess (progress

n) proficiency in native and second language (e.g., Abraham and

hapelle, 1992 ; Keshavarz and Salimi, 2007 ), but it has also been

sed to measure intelligibility, e.g., by Scharpff and Van Heuven

1988 ) and Van Bezooijen and Gooskens (2005) . 

Our cloze test differs from the classical version in that it

resents a list of printed alternatives to choose from. This obvi-

tes the problem of having to decide whether the words filled in

y the subjects are acceptable alternatives. Responses can now be

valuated automatically. Four English texts at the B1 level of dif-

culty, as defined by the Common European Framework of Ref-

rence for languages (Council of Europe, 2001 ), were adjusted to

 length of approximately 200 words each (16 or 17 sentences).

he texts were translated into each of the 16 test languages and

ecorded by four native female speakers aged between 20 and 40
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Fig. 1. Screen shot of one version of the German written cloze test. 
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ears for each of the 16 test languages. 1 By using four different

peakers for each test language we aimed to neutralize the poten-

ial influence of voice quality differences on the results. The desig-

ated speakers had been carefully selected from a larger group of

peakers in online surveys. Native listeners (between 21 and 197

er language) rated the speakers by answering the question “How

uitable is this speaker for presenting the news on national tele-

ision?” on a 5-point scale ranging from “not at all suitable” to

very suitable”. The voices of the four best-rated speakers per lan-

uage were used in the experiment. The same 16 × 4 speakers also

ecorded the listening materials for the picture-to-text matching

ask and the word recognition test (see below). 

The recording of one text from each speaker was randomly cho-

en to be used in the experiment. We divided each text into twelve

nits, corresponding to sentences or clauses. From each fragment

e removed one word and replaced it by a gap of uniform length.

n the written version, the passage was presented on the screen in

ts entirety. Twelve response alternatives were continually shown

t the top of the screen, in three columns: four nouns, four ad-

ectives and four verbs. When moving the mouse over a word a

ranslation of the word into the native language of the participant

as revealed. This was done because we wanted to test the intel-

igibility of whole texts. If some of the response alternatives were

nknown to the participants they would not be able to place them

n the right gaps, even if they understood the fragments per se.

he respondent’s task was to drag and drop each of the twelve re-

ponse alternatives into the appropriate slot in the text. Inserted

ords were greyed out in the selection area, in order to help the

articipants keep track of their choices. In case they wanted to

hange an answer, they could simply drag and drop a different

ord into the same gap. Their original word of choice would then

e-appear in black in the selection area above the text. The en-
1 All participants in this study, i.e., both the speakers and translators, as well as 

he listeners and readers in the on-line tests, gave their informed consent prior to 

heir involvement. The project was approved in its entirety by the ethics committee 

f the Humanities Faculty at Groningen University. 

d  

r

2

 

d  
ire task had to be completed within ten minutes. An example of a

ritten cloze test is given in Fig. 1 . 

In the oral version of the test the same twelve target words

ere replaced by a beep (10 0 0 Hz sine wave) of uniform length

1 s). Each fragment contained one beep. Participants listened to

ach fragment twice in a row, with 1 s between presentations. The

articipant had 30 s to select one of the twelve response alterna-

ives in the grid presentation on screen such that it best fitted the

issing word (beep) in the utterance just heard. Once selected, the

esponse alternative was greyed out; however, it could be reused

f needed in the same manner as described above for the written

loze test. 

.1.2. Picture-to-text matching task 

We anticipated that the cloze test might be too difficult for

ome participant groups that were tested in a language which they

ere not familiar with or that was too distant from their native

anguage to provide them with sufficient clues for understanding

he text. Therefore, we developed a test to establish the partici-

ant’s global comprehension of the same four 200-word texts that

ere used for the cloze test. The text passage was shown or played

o the participant in its entirety after which the participant had

o click one of four pictures that were shown on the screen such

hat the picture chosen optimally matched the contents of the pas-

age. The four pictures embodied the correct or wrong represen-

ation of two essential ingredients in the passage. For instance, if

he passage was about driving a car in winter, one picture con-

ained a car driving in a wintery landscape, another picture a car

riving in summer (with a sunny landscape and trees and flowers

n full bloom), a third picture contained a plane flying over a win-

ery landscape and the final picture contained a plane in a summer

etting. Only when both content features were correctly identified,

id the participant get full marks (picture c in Fig. 2 ), in all other

esponses no mark was given. 

.1.3. Word recognition test 

The cloze test and the picture matching task test language un-

erstanding at the higher levels of linguistic organization and the
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Fig. 2. Set of pictures to be matched with the text ‘Driving in winter’ used in the picture task. Frame (c) is the correct alternative. 
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exploitation of contextual redundancies. It is often expedient to

test language understanding at a lower level as well, specifically at

the level of word recognition, which is seen as the key process in

language understanding, since the word (or lexeme) is the small-

est linguistic unit in which the sensory input matches with repre-

sentations stored in long-term memory (e.g., Marslen-Wilson and

Welsh, 1978 ; Van Heuven, 2008 ; Cutler, 2012 ). 

To test word recognition, a list was compiled of the 100 most

frequently used nouns in the British National Corpus ( BNC Consor-

tium, 2007 ). The list was slightly adapted to exclude pairs of words

with similar meanings (for instance, in most Slavic languages the

most commonly used translation of the words ‘work’ and ‘job’ is

the same word). If we excluded a word, we added the next one on

the frequency list. The 100 words selected are listed in Appendix 1 .

The target words were translated into the other test languages and

recorded by the same 16 × 4 speakers as used for the cloze test.

Each speaker contributed a different quarter (i.e., 25 words) of the

stimulus words. 

Each listener was presented with a random subset of 50 words

from the larger set of 100 words, to keep the duration of the test

within limits. Two versions of the word test were prepared, one

for visual presentation and one for oral presentation. In the written

version each stimulus word was presented on the computer screen

and remained visible until the participant finished typing the re-

sponse (by pressing the return key) with a time out after 10 s. In

the spoken modality, stimulus words were played twice with one

second between tokens, again with a maximum time lapse of 10 s

(trial-to-trial onset). 

Participants were instructed to translate each stimulus word

into their native language using the computer keyboard. While the

responses to the cloze test and the picture task could be evalu-

ated automatically, this was only partially feasible for the word

test, since typing errors or synonyms might occur that were not

y  
ecognised by the software. Therefore we manually checked any

esponse that the software could not recognize. Responses were

onsidered correct only if they were (nearly) identical to the target

ord or one of its synonyms. A single deletion, addition or substi-

ution of a letter, as well as switching two letters, were considered

cceptable errors, as long as the string of letters was not identical

o another existing word in the participant’s native language. For

xample, English eye is oog in Dutch; the response oor ‘ear’ is in-

orrect since it is an existing Dutch word while the non-word oof

s considered correct. 

.2. Test languages 

We limited our investigation to the three largest language fam-

lies in the EU member states in terms of numbers of speakers, i.e.,

ermanic, Slavic and Romance. All 16 official national EU languages

ithin these three language families were included. If a language

s an official language in more than one country we only included

he standard variety from the country with the largest number of

peakers. For example, Dutch is an official language of both Bel-

ium and the Netherlands, but since the larger number of speak-

rs live in the Netherlands, Netherlandic Dutch was included as the

est language and Flemish Dutch was not. Fig. 3 shows a map of

urope with the 16 languages/countries included in the investiga-

ion. 

.3. Participants 

Since the participants were tested online, no restrictions con-

erning their background were set beforehand. We selected partic-

pants for further analysis by matching groups according to spe-

ific criteria. Since most participants were young adults, we fo-

used on this group and excluded participants younger than 18

ears or older than 33 years. Intelligibility was tested only among
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Fig. 3. Map of Europe (excluding Iceland) indicating the 16 countries/languages in the investigation (alphabetically listed within language families). 
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peakers of languages within the same language family. For exam-

le, the intelligibility of Danish was tested with Swedish listeners,

.e., both Germanic languages, but not with Spanish (Romance) lis-

eners. This resulted in 70 combinations of participant and test lan-

uages. Participants had all grown up and lived most of their lives

n the countries included in the project and spoke the language

f the country as their native language. We excluded participants

ho spoke another language at home. Some of the test languages

re also school languages. So, many participants had learned the

est language at school. We included these participants because

hey are part of the representative sample of young educated Eu-

opeans we targeted. However, we excluded participants who had

earned the test language for longer than the maximum period of-

ered in the secondary-school curriculum. 

The criteria described above resulted in a selection of 13,566

articipants (22% from the Germanic, 31% from the Romance and

7% from the Slavic language area). A majority of the participants

65%) were female and the mean age across all participants was

3.7 years. Most participants (78%) were (or had been) university

tudents. Given 70 combinations of speaker and participant group

nd six different tests (written and spoken word tests, cloze tests

nd picture tasks), a total of 420 different tests were conducted.

he number of participants ranged between 14 and 58 per test,

ith a mean of 25.1. 

.4. Procedure 

The intelligibility tests as well as a questionnaire (see below)

ere presented through an online application. 2 Potential partici-

ants were alerted to the existence of the test through social me-

ia (predominantly Facebook). In exchange for their service partic-

pants received an entry into a lottery with prizes, such as a tablet.

t is important to note that each participant completed only one of
2 http://www.micrela.nl/app 

g  

s

he six functional tests. This was to keep the total test time within

ime bounds: filling in the lengthy questionnaire (see below) left

nough time for only one intelligibility test. Moreover, a partici-

ant completed the test in only one randomly assigned non-native

anguage. Participants never took a test in their native language

we assumed near-ceiling performance in the native language). 

To collect information on extra-linguistic variables that might

nfluence the test performance, each participant filled in a com-

rehensive questionnaire on language attitudes towards, prior ex-

osure to, and familiarity with, a number of European languages.

articipants were asked to specify their age, sex, country where

hey had grown up, country they had spent most of their lives in

and how many years) and which language they normally heard at

ome. Participants were then informed which language they would

ext hear (or read) as the test language in a functional intelligi-

ility test. They were asked to indicate whether they had learned

his language, and to estimate in a detailed manner how much ex-

osure to the test language they had by listening to live speakers,

atching speakers through the media (television, DVDs, movies),

laying computer games, talking to people (live, or through chat-

ing/skyping over the Internet) and by reading books, newspapers

r text on the internet. The frequency of the non-native language

xposure was rated on five-point scales between 1 ‘never’ and 5

daily’. 

Crucially, the participants indicated how well they thought they

ould be able to understand the test language (i.e., estimated in-

elligibility), prior to being exposed to any stimuli, on a 5-point

cale from 1 = ‘not at all’ to 5 = ‘very well’. It was not made explicit

hether this question referred to the understanding of spoken or

ritten language. The participants filled in the questionnaire im-

ediately before they did the functional intelligibility test (one of

ix tests). Once they had completed the test, they were asked to

ndicate how well they thought they had understood the test lan-

uage (i.e., perceived intelligibility) on the same scale as before the

timulus presentation. 

http://www.micrela.nl/app
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3. Results 

3.1. Preliminaries 

We computed eight mean intelligibility scores for each of the

70 language combinations, i.e., six functional intelligibility scores

(spoken and written word translation tests, cloze tests, and pic-

ture matching tasks) and two judged intelligibility scores (esti-

mated and perceived intelligibility). The scores on the functional

tests were converted to percentages by dividing the number of cor-

rect responses by the number of items in the test (and multiply-

ing the result by 100). Judged intelligibility scores on the 5-point

scales were converted by the formula (score – 1) × 25 so that 1

(‘do not understand at all’) and 5 (‘understand very well’) corre-

spond with 0 and 100%, respectively. 

The results will be analysed in two sections. In Section 3.2 we

will examine the relative difficulty of the tests we developed and

discuss how well each test differentiates between language combi-

nations with high and low cross-language intelligibility, as a func-

tion of the factors Test type (word test, cloze test, picture-matching

test), Modality (written vs. spoken language) and Language fam-

ily (Germanic, Romance, Slavic). The analytic tool we used is a

Repeated Measures Analysis of Variance with the Test type and

Modality as factors within language pairs, and with Language

family as a between-pairs factor. Degrees of freedom and p -values

were Huyhn-Feldt corrected when the assumption of sphericity

was violated. Partial eta squared ( p η2 ) is used as the metric for

effect size. The discriminatory power of the tests will be quanti-

fied in terms of the standard deviation in the test scores obtained

for the 20 or 30 language pairs tested within each family as well

as for all 70 language pairs together. 

In Section 3.3 we will examine the relationships between the

eight tests we administered in more detail in order to establish

how well the scores on one test can be predicted from those

of another test. Specifically, we will try to determine how well

the scores on the spoken functional tests discriminate between

high and low cross-language intelligibility, that is, how well the

cloze test results can be predicted from the perceived intelligibil-

ity scores and the opinion score obtained for the same language

combinations. This part of the study will be based on an analysis

of the correlation structure of the eight tests we administered. 

3.2. Task difficulty and discriminatory power 

Fig. 4 is a summary of the test results, averaged over the 20 or

30 language pairs in each family. 

The ANOVA proves that the main effect of Language fam-

ily (Germanic 60%, Romance 54%, Slavic 53%) is insignificant, F (2,

67) < 1. The main effect of Test type , however, is highly signifi-

cant, F (1.6, 110.4) = 184.2 ( p < .001, p η2 = .733). All three test types

differed from each other (Bonferroni test, p < .05), i.e., the Word

translation test was more difficult (41%) than the Cloze test (54%),

while the Picture test was the easiest (71%). The written tests (59%

correct) were easier overall than the spoken versions (52%), F (1,

67) = 76.7 ( p < .001, p η2 = .534). Written and spoken tests were

almost equally difficult in the Slavic language group but not in

the other language groups, so that the Family × Modality interac-

tion reached significance, F (2, 67) = 7.0 ( p = .002, p η2 = .174). Also

the interaction between Test type and Modality proved signifi-

cant, F (1.6, 105.8) = 27.4 ( p < .001, p η2 = .290), since written ver-

sions were easier than spoken versions for the Word test and

the Cloze test but not for the Picture test. The third-order inter-

action fell just short of significance, F (3.2, 105.8) = 2.4 ( p = .073,

p η2 = .0 6 6). 

Fig. 5 shows the spread of the scores expressed as the standard

deviation for each of the eight intelligibility tests. The larger the
tandard deviation, all else being equal, the better the discrimina-

ory power of the test at issue. 

Fig. 5 shows that there is a general tendency for the cloze

ests to differentiate better between language pairs than any of

he other types of test. Moreover, the written versions of the cloze

ests differentiate slightly better than the spoken versions, which is

specially true for the Romance language group. The two judgment

ests discriminate almost as well as the cloze tests in the Germanic

nd Slavic group, but not in the Romance group. The discrimina-

ory power of the Word translation and Picture matching tests, ir-

espective of their modality, is clearly poorer than that of the other

est types. 

In Fig. 6 the judged intelligibility scores (estimated and per-

eived) and the results of the six functional tests are presented per

anguage family in more detail. Within each panel, the intelligibil-

ty scores (in %) are given for the 20 (Germanic and Romance fam-

lies) or 30 (Slavic) different language combinations, with separate

ines for each of the eight tests. Language combinations are listed

long the horizontal axis in descending order of the perceived in-

elligibility score. The eight different intelligibility measurements

enerally follow the same pattern. This visual impression is con-

rmed by a high Cronbach’s alpha (.923) computed over all 70 lan-

uage combinations tested. 

The cloze test is the most difficult of the three functional tests.

t also has the best differentiating potential of the tests we ad-

inistered (see above). Some participant groups scored almost at

eiling, e.g., the Germanic groups when tested in English, Por-

uguese participants tested in written Spanish, and Slovaks tested

n Czech. Other language combinations yielded very low scores,

.g., English participants tested in the other Germanic languages,

omance groups tested in Romanian, and many Slavic participants,

specially when tested in the spoken modality. The fact that the

esults cover the entire range from almost zero to almost 100 per-

ent (SD = 25.4% for the spoken and 27.8% for the written cloze

est) proves that this test differentiates very well between differ-

nt levels of intelligibility. 

The word translation scores were in general in the middle of

he range but cover a smaller range (SD = 17.4% and 16.6% for the

poken and written task), especially in the Romance language area.

nly in the Romance language combinations were the results of

he word translation tasks often lower than those of the cloze test,

specially in the spoken version. Romance participants appeared to

nd it difficult to recognize isolated spoken words, but when they

ere provided with context information the task seemed easier.

he participants in the other language groups found it more diffi-

ult to understand running text than isolated words. 

The scores on the picture task were highest overall: Many par-

icipant groups succeeded in at least extracting the essence of

 text. Still, there were participant groups with high scores and

roups with rather low scores (SDs of 16.1% and 18.5% for the spo-

en and written task, respectively), so this test, too, differentiated

easonably well between high and low intelligibility. 

Importantly, we see in Fig. 6 that the judged intelligibility

cores followed the scores on the cloze test (rather than those on

he other tasks) quite closely, not only in a relative sense but also

bsolutely, and like the cloze test they covered the entire scale

SD = 23.5 for both estimated and perceived intelligibility). We hy-

othesized that participants might change their intelligibility judg-

ents when they found the actual test more (or less) difficult than

hey expected. The judgments obtained before (estimated intelligi-

ility) and after (perceived intelligibility) the functional test, how-

ver, were almost identical, suggesting that the participants were

lightly more optimistic before ( M = 35.3%) than after ( M = 33.6%),

 (69) = 4. 3 ( p < .001). 

Let us now compare the performance on the spoken (solid

ines) and written (dotted lines) tests. In general, participants un-
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Fig. 4. Percentage of correct responses to intelligibility tests as a function of Test type and Modality for 20 Germanic language pairs (panel A), 20 Romance language pairs 

and 30 Slavic language pairs. 

Fig. 5. Standard deviation of cross-language intelligibility scores (%) on eight tests broken down by Test type and Modality for language pairs in three families (see Fig. 4 for 

details). 
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erstand the written form of the test language better than the spo-

en form. This tendency is most obvious for the cloze test, where

he written modality is easier in 65 of the 70 language combi-

ations tested, t (69) = 10,7 ( p < .001). The same tendency is seen

n the word translation task: the written modality is easier in 59
f the 70 combinations (with nine of the eleven exceptions in the

lavic language pairs), t (69) = 8.3 ( p < .001). In the case of the pic-

ure task, however, the two modalities are roughly equal (speech

s easier in 37 combinations), t (69) = −.1 ( p = .930, ins.). 
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Fig. 6. Mean test scores (%) on six functional intelligibility tests and two judged intelligibility measures (%) per language group. Germanic (DA = Danish, DU = Dutch, EN = En- 

glish, GE = German, SW = Swedish). Romance (FR = French, IT = Italian, PT = Portuguese, RO = Romanian, SP = Spanish). Slavic (BU = Bulgarian, CR = Croatian, CZ = Czech, PO = Pol- 

ish, SK = Slovak, SL = Slovene). For each language combination, participant language is given first and test language second, e.g., EN-DA = English native responses to Danish 

stimuli. 
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Table 1 

Pearson correlation coefficients between mean scores of six intelligibility tests and two judged intelligibility mea- 

sures (upper triangle). In the lower triangle correlations are listed at the participant level (see text). All correlations 

are significant at the .01 level. 

Judged intelligibility Cloze test Word test Picture task 

Estimated Perceived Spoken Written Spoken Written Spoken Written 

Estim. intel. .99 .97 .94 .72 .82 .72 .74 

Perc. intel .84 .99 .95 .78 .85 .79 .76 

Cloze spoken .75 .86 .94 .73 .81 .71 .73 

Cloze written .63 .76 .66 .79 .73 .77 

Words spoken .50 .57 .90 .63 .55 

Words written .62 .65 .66 .68 

Picture spoken .26 .40 .65 

Picture written .24 .37 
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.3. Correlation structure 

We will now analyze the correlations between the eight in-

elligibility measurements in more detail. Each participant com-

leted just one functional intelligibility test, and therefore we can

nly correlate the mean result (rather than individual results) of

he functional tests for each of the 70 language combinations. The

earson correlation coefficients for all (8 × 7)/2 = 28 pairs of tests

re listed in the upper triangle of Table 1 . All participants com-

leted the questionnaire and judged the intelligibility of the test

anguage before and after completing the functional task. Esti-

ated and perceived intelligibility scores can therefore be corre-

ated with each other, and with the functional test scores, at the

articipant level. These correlation coefficients are presented in the

ower triangle of Table 1 . Correlation coefficients are lower when

omputed at the participant level than at the group level, since the

ndividual participant variability is eliminated as a source variance

n the mean scores per language combination. 

Considering the functional tests first, the correlations between

he word translation tasks and the cloze tests are highest ( r = .73

or the spoken versions and r = .79 for the written versions). Some-

hat lower correlations are observed between the word tests and

he picture tests ( r = .63 for the spoken and r = .68 for the writ-

en versions). When comparing the written and spoken versions of

ests using the same method (cloze test, word translation task or

icture task), we find the highest correlations between the cloze

ests ( r = .94), and the word tests ( r = .90), whereas the modalities

re less strongly correlated for the picture task ( r = .65). 

As already noted when discussing Fig. 6 , the two opinion scores

estimated vs. perceived intelligibility) are very strongly correlated:

 = .99 at the language level, and r = .84 at the participant level.

orrelations with the spoken cloze test are almost as high ( r = .97

nd .75 for estimated intelligibility; r = .99 and .86 for perceived

ntelligibility) and a little lower for the written cloze test ( r = .94

nd .63 for estimated intelligibility; r = .95 and .76 for perceived

ntelligibility). 

Correlations between judged intelligibility scores and the

ord tests are also high when measured at the language level

.72 ≤ r ≤ .85) but lower when measured at the participant level

.50 ≤ r ≤ .65). When looking at the results of the word translation

ask separately per language group, we find that the correlations

re high for the Germanic group ( r = .95 for both the spoken and

he written task). For the Slavic group the correlations are some-

hat lower ( r = .88 for both written and spoken tests). This was

ue to speakers of Polish, Croatian and Slovenian understanding

ore words than they themselves expected. The low correlations

ound in Table 1 for the word translation tasks are mainly due to

he Romance group ( r = .60 for the spoken and r = .79 for the writ-

en test). 

k  

s

The correlations with measures involving the picture task are

owest (.72 ≤ r ≤ .76 at the language level, and .26 ≤ r ≤ .40 at the

articipant level). This can be at least partly explained as a ceil-

ng effect for some language combinations. However, inspection of

cattergrams (not included here) also proves that the picture task

ometimes contradicts judged intelligibility. For example, all partic-

pant groups performed more poorly on the spoken French picture

ask than they expected. The Slavic participants often performed

ery well on the picture task even though they were rather pes-

imistic about their understanding of other Slavic languages. 

We expected the correlations with the test scores to be higher

or perceived intelligibility than for estimated intelligibility because

ome of the participants might not have a realistic a-priori idea of

ow well they would understand the test language, for example

f they had little experience with the test language. This hypothe-

is finds support in the data, since all correlation coefficients are

etter for perceived intelligibility ( M = 60.2) than for estimated in-

elligibility ( M = 50.0), t (5) = 5.8 ( p = .001, one-tailed). 

. Conclusions and discussion 

In this paper we presented the results of six functional intelligi-

ility tests (spoken and written versions of a word test, a cloze test

nd a picture task) and two measurements of judged intelligibility

estimated and perceived intelligibility) of 16 closely related stan-

ard languages in Europe (in total 70 combinations of participant

roups and test languages). We found that the functional tests dis-

layed similar patterns of intelligibility, where especially the cloze

est and the word translation test proved strongly correlated. An

xception is the Romance group, where scores on the word test

ere lower than the cloze test scores for some groups. We have

o explanation for the low word test scores obtained by some Ro-

ance participant groups. They run counter, for instance, to larger

umber of cognates in the Romance words lists (85% cognates)

han in the Germanic (77%) and Slavic (64%) word lists (see also

eeringa et al., 2013 ). Other linguistic factors that we have not yet

een able to identify may be in effect here. 

The correlations between the picture task and the word test

nd cloze test were rather low. Part of the explanation for this

nding is that the picture task was too easy for some participant

roups, which creates a ceiling effect. However, visual inspection

f scattergrams (not presented) showing the relationship between

udged intelligibility and the results of the picture task also reveals

 good deal of seemingly random scatter. This leads us to assume

hat the picture task in its present form is not an accurate way

f testing global intelligibility. It may be possible to improve the

icture task by choosing a more difficult text and by introducing

ore and more complex pictures varying more than just two bi-

ary message elements so that the participant has to extract more

ey elements from the text before the correct picture can be cho-

en. 
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Our two measures of judged intelligibility (estimated and per-

ceived) correlated strongly ( r = . 99 at language level and .84 at

participant level). This may be explained by hysteresis, i.e., the

tendency on the part of the participants to stick to their first

judgment. Alternatively, our subjects may have known the test

languages so well in advance that they did not have to change

their judgment after the functional testing session. Both judgment

scores were also strongly correlated with the results of the func-

tional tests. The cloze tests reflected judged intelligibility partic-

ularly well: not only were the correlations exceptionally strong

(.94 ≤ r ≤ .99) but the participants were even able to accurately es-

timate the percentage of gaps they had correctly filled in. Our re-

sults show that naïve language users are quite able to judge the

intelligibility of a test language (at least one from within their own

language family). Conversely, the results also show that the scores

on functional tests, especially those obtained on the cloze tests, re-

flect the perceptions of naïve language users very well. 

In the present experiment, participants were asked to estimate

how well they would understand a non-native language variety

without hearing (or seeing) a sample. They then completed a func-

tional intelligibility test, after which they were (implicitly) asked

to estimate how well they had performed on the test. In previ-

ous experiments the judgment task and the functional test were

not given to the same groups of participants, and/or the stimu-

lus materials of the two tests were not the same. Tang and Van

Heuven (2009 ) reported correlations between perceived and func-

tionally tested speech intelligibility ( r = .77 for word intelligibility

and r = .82 for sentence intelligibility) that are similar to the corre-

lation between perceived intelligibility and the results of the spo-

ken word test in the present investigation ( r = .78). In the present

study we did not include a sentence intelligibility test, but the

correlation between perceived intelligibility and the results of the

spoken cloze test (text level) in our investigation proved exception-

ally strong ( r = 99). Tang and Van Heuven (20 07, 20 09 ) asked their

participants how well a monolingual speaker of their own dialect

would understand a speaker of the dialect in the recording, if they

had never heard that dialect before. In our investigation the partic-

ipants were asked to judge their own ability to understand the test

language. This means that they did not judge inherited intelligibil-

ity, i.e., the ability to understand the test language without pre-

vious exposure or schooling, but the actual situation which may

have been influenced by their personal schooling or exposure to

the language. 

We included written as well as spoken versions of all three

tests in our investigation using the same tests and the same textual

materials, so that we could compare cross-language intelligibility

in the two modes directly. This has not been possible in earlier

investigations because spoken and written intelligibility were gen-

erally assessed by means of different tests. 3 We found as a signifi-

cant overall effect that the written tests were easier than the cor-

responding spoken versions although the advantage of print is not

seen in the picture test (possibly due to a ceiling effect, see above).

So, even for young participants such as ours it appears to be easier

to process the written form of language than the spoken from. The

advantage of printed forms is not likely to be due to a decline in

processing capacity for spoken language (as has been found for el-

derly language users, see Vanhove, 2014 ). Rather, the written form

of a closely related language may be easier to match with the cor-

responding form in the native language, because written language

reflects an earlier form of the language where the two languages
3 An exception is Vanhove’s (2014 ) study of the recognition of isolated Swedish 

words by Swiss-German dialect speakers with no knowledge of Swedish, using the 

same word lists in printed and in spoken form in a cognate-guessing task. This 

study, however, targeted differences in cognitive flexibility as a function of age and 

sensory input channel, rather than mutual intelligibility. 

 

p  

d  

e  

a  

t  
ad diverged less from the original common form than in the spo-

en form ( Schüppert, 2011 ; Doetjes and Gooskens, 2012 ). 

Which test is preferable for measuring cross-language intelligi-

ility? Unfortunately, it is not possible to provide a clear and sim-

le answer to this question. As mentioned in Section 1 , the choice

epends on a number of factors, such as purpose of the measure-

ents and the time, effort and means available. Nevertheless, the

xcellent match between the scores we obtained on the cloze test

nd perceived intelligibility (when both are expressed as percent-

ges) shows that this test reflects overall intelligibility best among

he three functional tests used in our investigation. The cloze test

as also consistently the test which discriminated best between

he language pairs, both within and across families. On psychome-

ric grounds, therefore, we consider the cloze test the best option. 

An important practical criterion for choosing a test is the ease

ith which it can be developed and administered. If a large num-

er of languages need to be tested, extensive time and effort would

e required to collect stimulus materials and to prepare the test.

reparing cloze tests is relatively simple, if texts can be selected

rom a database in which they are pre-categorized by level of dif-

culty, such as the B1 level in the Common European Framework

f Reference for languages. Deleting one word per sentence is less

ork than having an artist draw pictures (at least four, possibly

ight) that illustrate essential message elements in an unambigu-

us manner. The word translation test is not only time consum-

ng to construct and administer, it also has the drawback that the

esults cannot be evaluated automatically. From a practical point

f view, then, we consider the cloze test the superior alternative

mong the three functional tests we studied. 

Our results have shown that young adult Europeans are able

o judge the intelligibility of languages from within their own lan-

uage family quite accurately, even without first hearing or reading

ny test materials. It is not entirely clear, however, to what extent

he participants’ opinions were grounded in past experience with

he non-native languages. In the case of English, the participants

redicted high intelligibility, because it was part of their secondary

chool curriculum. For many other languages, however, we have

eason to believe that the opinion scores were at least partly based

n ideas of the intelligibility of related languages that exist within

he participant’s language community, ideas which are often re-

erred to as folk linguistics (e.g., Niedzielski and Preston, 20 0 0 ).

redictions of cross-language intelligibility may be based in part on

eographic distance. Naïve languages users believe that languages

iverge as they move farther away from each other on a map.

oderate correlations have been reported between geographic dis-

ance (between the capitals of the countries concerned) and lin-

uistic distance (measures of structural difference between lan-

uage varieties), i.e., .36 ≤ r ≤ .70 for percentage of cognate vocabu-

ary and .24 ≤ r ≤ .81 for differences in visual word forms, depend-

ng on the language family ( Heeringa et al., 2013 ). Cross-language

ntelligibility, in turn, is inversely correlated with linguistic dis-

ance as was shown by Tang and Van Heuven (2015) for Chi-

ese languages, Van Heuven et al. (2015) for Romance languages,

warte (2016) and Gooskens (2007) for Germanic languages, and

olubovi ́c (2016) for Slavic languages. It is beyond the scope of the

resent paper to differentiate these various explanations in detail;

e assume that our participants had reasonably accurate knowl-

dge of the geographic locations of the related languages within

heir group and included this knowledge in their expectations of

ross-linguistic intelligibility. 

Although the judged intelligibility scores proved quite accurate

redictors of functional intelligibility, we do not advocate the in-

iscriminate use of opinion testing. Judgments may not suffice, for

xample in cases where the participants may have incorrect ideas

bout the intelligibility of a language, for example because of nega-

ive or positive attitudes towards the language or a desire to char-
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cterize their own language as being very different or similar to

he test language. We do not know, at this time, whether such at-

itudes and misconceptions have stronger effects on opinion scores

han on functional test scores. Until we do, we recommend func-

ional testing since we have determined it is a fast and effective

ethod of constructing, administering and processing such tests. 

Written tests are easier to develop and administer than spo-

en tests. There is no need to find speakers with equally intelli-

ible voices, nor are any measures needed to ensure equal record-

ng conditions. In our study, the correlation between the modalities

as especially strong for the cloze test we developed, with r = .94.

his leads us to our last recommendation, which is to use written

est materials as long as there are no compelling a priori reasons

o prefer the oral modality. The obvious exception to this recom-

endation is when the participant group cannot read the test lan-

uage, as may happen with pre-school children, illiterate adults,

r unknown writing systems. In such circumstances the cloze test,

hether written or spoken, cannot be used. Only one alternative

emains, which would be a combination of aural presentation of

inguistic stimuli and some form of picture matching, either be-

ween spoken words and iconic representations of their meanings,

r the text-to-picture matching task we used ourselves. The corre-

ation between perceived intelligibility and the spoken picture test

 r = .79) in our data was substantial. This shows that the picture

est, especially if improved as suggested above, may provide a vi-

ble alternative in situations where the participants are function-

lly illiterate. 
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ppendix. The word list used for the word test. Each 

articipant translated a random selection of 50 out of the 100 

ords 

time place development hour 

year point room rate 

people house water law 

man country form door 

day week car court 

thing member level office 

child end policy war 

government word council reason 

part example line minister 

life family need subject 

case fact effect person 

woman percent use period 

work month idea society 

system side study process 

group night girl mother 

number eye name voice 

world head result police 

area information body kind 

course question friend price 

company power right position 

problem money authority age 

service change view figure 

arm interest report education 

party order face programme 
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