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Resumé 

 

L2 Processing and Comprehension of Complex Syntactic Structures in 

English Medical Texts 

Fagsprog er ofte kendetegnet ved at have et højt informationsniveau, specialiseret terminologi og 

mange komplekse syntaktiske strukturer. Sådanne elementer kan være medvirkende til at gøre 

fagsprogstekster meget informationstunge og kompakte. Vi mener, at det er muligt at producere 

fagsprogstekster, der ikke er præget af f.eks. komplekse syntaktiske strukturer såsom 

præmodifikation, nominalisering, reducerede relativsætninger og passivkonstruktioner, som er 

hovedfokus i dette speciale. Vi forventer, at en simplificering af sådanne strukturer vil fremme den 

kognitive bearbejdelse og forståelse af teksterne, samtidigt med, at budskabet formidles på en måde, 

der ikke går på kompromis med det faglige niveau. Formålet med dette speciale er derfor at 

undersøge empirisk, hvordan en simplificering af ovennævnte strukturer i engelsksprogede 

medicinske tekster påvirker bearbejdelse og forståelse for danske fagfolk inden for det medicinske 

område. Simplificeringsprocessen af de syntaktiske strukturer har vi valgt at benævne 

tekstoptimering. Det har ført os til følgende hypotese: 

Højt specialiserede engelske medicinske tekster er nemmere at læse og forstå af danske medicinske 

eksperter i en tekstoptimeret version end i deres originale, oprindelige form. 

Vi kombinerer to metoder til at verificere eller måske falsificere ovenstående hypotese, nemlig eye-

tracking og spørgeskemaer. Eye-tracking gør det muligt at måle læseres øjenbevægelser henover en 

tekst og derved kan en læsers kognitive indsats måles. På denne måde kan vi se antallet af 

fikseringer og regressioner, som læseren laver og måle den tid, som læseren bruger på at læse en 

tekst. Dette gør, at vi kan vurdere, hvordan en læser bearbejder en tekst. Til forsøget anvender vi 

otte forsøgspersoner, der har dansk som modersmål. De er alle enten lægestuderende eller 

nyuddannede læger. Vi anvender spørgeskemaer til at opnå viden om forsøgspersonernes sproglige 

og uddannelsesmæssige baggrund, samt til at undersøge forsøgspersonernes forståelse af teksten og 

deres vurdering af teksternes sværhedsgrad. Kombinationen af eye-tracking og spørgeskemaer gør 

det muligt for os at vurdere om de kvantitative data fra optagelser af forsøgspersonernes 

øjenbevægelser konvergerer med forsøgspersonernes kvalitative svar i spørgeskemaerne. Til 

forsøget benytter vi to medicinske tekster, dvs. vi anvender to tekster, hvori der ikke er foretaget 

ændringer og en tekstoptimeret version af hver af disse. I teksterne definerer vi såkaldte areas of 

interest (AOI’er), der er de ’interesseområder’ i teksten, hvori vi har foretaget ændringer. Som 
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teoretisk grundlag for specialet anvender vi bl.a. teori om fagsprog, kommunikation og 

øjenbevægelser. 

Vores mål var at bruge forsøgspersonernes svar i spørgeskemaerne til at understøtte data fra 

forsøgspersonernes øjenbevægelser. Dette var dog ikke muligt, da svarene ikke gav tilstrækkelig 

data til en dybdegående analyse af forsøgspersonernes forståelse af teksterne. Derfor valgte vi at 

fokusere på data fra forsøgspersonernes øjenbevægelser i analysen af effekten af tekstoptimering 

Resultaterne fra analysen viste, at tekstoptimeringen af de komplekse syntaktiske strukturer havde 

en positiv effekt på forsøgspersonernes bearbejdelse af teksterne. I AOI’erne i de optimerede 

versioner så vi en reducering af læsetid samt færre regressioner og fikseringer. Derudover så vi en 

samlet læsetid, der var lavere for de tekstoptimerede versioner end for de originale tekster. Vi kan 

derfor konkludere, at tekstoptimeringen har fremmet den kognitive bearbejdelse af teksterne. 
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1 Introduction 

Technical language or language for specific purposes (LSP) is said to be a communication 

tool used when specialists communicate about their field of expertise (Engberg 1998: 13). 

Overtime, the specialisation in different crafts has meant the development of a technical 

language. It was necessary to describe objects and actions in a specific way, and gradually 

specific LSP linguistic means evolved. Today, these means have become conventional rules. 

Such rules include specific syntactic structures and meanings which are not common in 

everyday language (Engberg 1998: 28-29). Since technical language originated from language 

for general purposes (LGP) it continues to develop as such, i.e. it is not an independent 

language, but can be said to be a particular use of national language and is therefore difficult 

to control, as opposed to a planned language
1
. This way, technical language remains a 

language in development, but may develop in an unfortunate way which can find expression 

in the high complexity level and information density often seen in LSP texts (Engberg 1998: 

29). Technical texts
2
 have a high level of information, they contain much specialised 

terminology and have several complex syntactic structures, such as reduced relative clauses, 

premodification, nominalisation and passive constructions (Kragh 1995: 66, 93, 100, 112). 

We assume that these four typical features of LSP make the texts in which they appear 

linguistically complex to a degree that may impede comprehension even for experts. 

Naturally, one can argue in favour of using LSP in expert-to-expert communication since 

experts often use the same kind of specialised terminology to describe e.g. a situation within 

their specific field of expertise. Also, it is often linguistically economical to compress much 

information into a small space, which necessitates condensed syntactic structures, such as 

reduced relative clauses and instances of nominalisation. However, there are several text 

examples where space constraints are not an issue, but where condensed and complex 

syntactic structures still prevail. In fact, according to Rask (2004: 28), the more difficult the 

content of a text is, the more difficult it is often constructed. Nonetheless, we argue that LSP 

texts do not necessarily have to contain complex syntactic structures, or at least not as many 

as is often the case in technical texts. We believe it is possible to produce a technical text that 

                                                           
1
 A planned language can be defined as a “Language consciously created by an individual or group of people, in 

accordance with defined criteria, with the goal of facilitating international linguistic communication” (Blanke 1997: 

10). 

2
 In this thesis we use the terms „technical texts‟ and „LSP texts‟ equivalently. 
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does not include numerous complex syntactic structures, but still communicates the message 

in a way that does not compromise the level of expertise and at the same time even facilitates 

processing and improves comprehension. In order to demonstrate this, we propose to improve 

a sample of English medical texts by reducing the complexity of their syntactic structures; a 

process we have termed „text optimisation‟. Our expectation of facilitated processing and 

improved reader comprehension of technical texts by means of text optimisation has led us to 

the following hypothesis: 

English medical texts with a high degree of specialisation are more easily read and 

understood by Danish medical experts in a text-optimised version than in their original, 

conventional form. 

We seek to prove that by text optimising two English medical texts which are syntactically 

complex, the texts will be more easily read and understood by Danish medical experts. We 

have chosen two methods to verify or perhaps falsify our abovementioned hypothesis, namely 

eye-tracking and self-reporting questionnaires. We want to assess whether the quantitative eye 

movement data converge with the participants‟ qualitative answers in the questionnaires. In 

order to analyse and compare both sets of data, we will quantify the answers in the 

questionnaires. An analysis of the eye movement data and the questionnaires provide us with 

a double focus, as the answers from the questionnaires can support the results from the eye-

tracking experiment and vice versa. 

We have chosen eight non-native English-speaking participants to read two English medical 

texts on an eye-tracker screen and to answer questions on the content of the texts afterwards. 

The participants have Danish as their mother tongue and include medical students in their 

final years of schooling or in their pre-registration year and doctors who recently graduated. 

An eye-tracker registers a reader‟s eye movements, while he or she reads a text on a computer 

screen, and we will use it for detecting and locating possible processing difficulties in certain 

areas in specialised medical texts. In order to analyse comprehension and to avoid bias, it is 

necessary to use more than one investigative method, which is why we have chosen to 

combine the eye-tracking study with questionnaires. The questionnaires are used for further 

identification of problematic text elements and comprise questions regarding the content and 

the readers‟ own perception of the level of difficulty in the texts. This gives us two 
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perspectives on the study as we are able to compare the participants‟ answers in the 

questionnaires with their eye tracking data. 

The texts used for the experiment are two journal articles taken from PubMed Central, an 

online database comprising thousands of medical texts, and the intended target group of the 

texts is doctors and others employed in the medical industry. Like many other technical texts, 

the two texts are characterised by specialised language use and complex syntactic structures. 

Based on the descriptions of the particular LSP features (cf. 2.1.3 Characteristics of LSP 

based on the Four Syntactic Structures), we produce an optimised version of each text in 

which we reduce the complexity level in certain areas, so that we end up with four texts; two 

original and two text optimised. This means that our investigation will be based on four 

different medical texts; two where a number of areas in the text have been changed and 

another two where no changes have been made. We anticipate that the areas which have been 

altered will in some way ease processing effort and improve reader comprehension as a result 

of an easification of various syntactic complexities. By changing the „problem areas‟ - also 

referred to as areas of interest (AOIs) in this thesis, while keeping all other areas of the texts 

unchanged, we are able to demonstrate whether or not these manipulated AOIs facilitate the 

participants‟ processing and improve their comprehension of the texts. This is done by 

comparing eye movement data from readings of the original texts with data from readings of 

the optimised versions as well as with the questionnaire results. The following research 

questions form the basis of our study: 

In which way do the optimised versions of the texts have an effect on the readers‟ gaze 

behaviour? Do they read faster? Do we find a lower number of regressions and fixations in 

the AOIs? 

Do the readers‟ eye movement behaviour together with their answers in the questionnaires 

reflect a difference in comprehension between the original and the optimised texts? 

From eye-tracking and questionnaires we will be able to examine the effects of linguistic 

complexity and the investigation will aid our understanding of how syntactically complex 

structures in English LSP medical texts affect processing and reader comprehension. 

Studies on comprehension of medical texts have been carried out in Denmark. However, they 

have focused primarily on terminology issues and the use of Latin in English medical texts 
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and the problems following from this when translated into Danish (see e.g. The Patient 

Package Insert of the Future by Askehave and Korning Zethsen, 2000). Likewise, several 

eye-tracking experiments have demonstrated that eye movements can be used as an indicator 

of word and sentence processing difficulties during reading. For instance, Rayner et al. (2006) 

investigated how overall passage difficulty affects eye movements in reading by monitoring 

readers‟ gaze behaviour as they read more or less difficult texts on various topics. 

Additionally, they examined the effect of distance between antecedent and anaphor on the 

detection of inconsistencies. In the first experiment they found that processing times, and 

especially the number of fixations, increased when a text was perceived to be difficult, which 

confirms that eye movements are sensitive to text difficulty. In the second experiment, readers 

looked longer at the inconsistent anaphor than the consistent anaphor indicating that the 

inconsistent anaphors were more difficult to process (see Rayner et al. 2006). As these 

experiments indicate, discourse processing difficulty generally affects eye movements, but we 

have not come across any publications dealing with how complex syntactic structures in 

English medical texts affect eye movements. Therefore, this thesis will concentrate on 

specialised medical texts with respect to the complexity of their syntactic structures. Focus 

will be on sentence and discourse processing and on how condensed and complex syntactic 

structures affect processing and comprehension. 

During our time at Copenhagen Business School, and in particular in the course Technical 

Language, we have come across several English technical texts containing many complex 

syntactic structures. These structures often complicate the translation process as some of them 

cannot be transferred directly to Danish. Such complex syntactic structures make the texts not 

only difficult to translate but also to comprehend. For instance, premodification does not exist 

in the same way in Danish as in English. In an English technical text, we often find instances 

of premodification that consist of many premodifying elements in front of the head noun. 

Such heavily premodified noun phrases can be difficult to decompose and to infer the 

intended meaning from. Another characteristic of English technical texts is reduced relative 

clauses which may be vague in meaning and sometimes ambiguous in the sense that it may be 

difficult to interpret the function of the clause. At a more general level, LSP texts are 

criticised for being difficult to understand for both native and non-native speakers. The 

criticism, however, is often not accompanied by suggestions on how such texts can be 

optimised, and if such suggestions are made, there is no empirical evidence proving that these 
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alterations will make the texts more comprehensible for the intended target group (Göpferich 

2007: 1). This is why we have found it relevant to examine empirically whether an 

easification of linguistically complex English medical texts facilitates processing and 

improves comprehension for medical experts. 

Our motivation for choosing to investigate English-language medical texts is that for more 

than 30 years, English has been the principal international language of science and as long 

ago as 1957, nearly two-thirds of engineering literature appeared in English on a global basis 

(Mackay et al. 1978: 6). Today, it seems as if we are in a new international era, that is the 

Anglo-American, where e.g. companies and universities perceive themselves as international 

institutions (Bull 2005: 1). In Denmark, we also see an increasing use of English at 

universities, both in lectures and in textbooks, as well as in publications of e.g. clinical studies 

and medical journals, and English is widely used as a communication tool for knowledge 

sharing among scientists. According to the Danish Language Council, Dansk Sprognævn, the 

Faculty of Health Sciences published 530 articles in 1999 of which 443 (83%) were written in 

English and 135 books of which 71 (52%) were in English (Jarvad 2001: 134-135). These 

figures indicate that English is widely used at universities, especially within the natural 

sciences. The figures also suggest that students are required to read and comprehend English 

at academic level and researchers are expected to communicate their results in English. Given 

these facts, we found it relevant to investigate how Danish specialists within the field of 

medicine read and comprehend English medical texts. 

Our expectation is that the study will indicate processing difficulties in the AOIs in the two 

texts which have not been optimised. The potential processing difficulties are expected to find 

expression in the readers‟ eye movements registered by the eye-tracker and may also be 

indicated by the readers themselves in the questionnaires. We expect that the complex 

syntactic structures in the AOIs will increase the readers‟ processing effort and that our 

optimisation of the texts will reduce this processing effort. Specifically, the text optimisation 

process concerns premodification, nominalisation, reduced relative clauses and passive 

constructions. In overall terms, we expect the total reading time to be shorter and the number 

of regressions and fixations to be lower for the optimised texts than for the original versions. 

We also anticipate a correlation between the extent of the readers‟ processing difficulties 

demonstrated by the eye-tracking study and the readers‟ own perception of the difficulty level 
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of the texts. Finally, we expect the readers to report the content of the optimised texts more 

fully in the questionnaires. 

The aim of this study is to contribute to the investigation of how linguistic complexity and in 

particular syntactically complex structures affect processing and comprehension. We will test 

whether an easification of syntactically difficult texts will improve processing and 

comprehension. 

 

1.1 Delimitation 

It would be beyond the scope of this thesis to assess all the features of LSP texts that may add 

to the level of complexity, such as instances of premodification, postmodification and 

nominalisation, high frequency of non-finite clauses, passive constructions, impersonal 

structures and sparing use of determiners. So, in this thesis we focus on premodification, 

nominalisation, reduced relative clauses and passive constructions. We assume that these four 

features cause most processing and comprehension difficulties for the readers. Passive 

constructions do not necessarily impede comprehension, but they tend to make the texts less 

clear and sometimes vague in meaning and may therefore have a negative effect on 

comprehension. 

We are aware that one of the most distinct markers of LSP is the use of highly specialised 

terminology, but we anticipate that medical experts possess knowledge of the specialised 

medical terms, and therefore we will not focus on altering the terminology in the texts. 

Accordingly, the optimisation process does not encompass a substitution of terms or lexical 

expressions, but rather a simplification of the syntax. 

In the present study, we do not include a comparison between L1 (first language) and L2 

(second language) speakers, but we are aware that, if examined, there might be a variation in 

the eye movement data from Danish readers, who read an English text, compared to English 

readers reading an English text. Nonetheless, we argue that the participants are advanced 

skilled readers who are used to reading English LSP texts in an academic context. 
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1.2 Theoretical Framework 

As regards theory on LSP, Bodil Kragh (Kragh 1995), Jan Engberg (Engberg 1998) and Leif 

Becker Jensen (Jensen 2001) serve as the primary point of reference. We make use of these 

sources as they provide useful descriptions of the distinctive markers of LSP. In terms of 

terminology, we draw on Carl Bache and Niels Davidsen-Nielsen (Bache et al. 1997). Paul 

Grice (Grice 1989) forms the basis of the theoretical section on text optimisation and the 

following text optimisation process, which is described in appendix 14. We turn to Keith 

Rayner and Alexander Pollatsek (Rayner et al.1989) for theoretical views on eye movements 

and how they can be used to study reading. Concurrently, we refer to Keith Rayner and Sara 

C Sereno (Rayner et al. 1994) as they elaborate on the factors which influence eye movement 

behaviour. At the same time, we consult a number of additional sources to further establish 

the theoretical framework. 

 

1.3 Corpus Selection 

We used the internet as the primary source for locating and retrieving the texts for our corpus, 

and we searched for the texts on the PubMed database (www.ncbi.nlm.nih.gov/pubmed). This 

database comprising biomedical literature is widely recognised and used by researchers, 

doctors and students worldwide. Confronted with the need to limit the empirical material, we 

needed to decide upon a number of criteria for selecting the texts. These comprise that the 

topic was relevant for the target group, i.e. medical experts, and that the texts were published 

within the last two years. In addition, we sought to find texts which did not include an 

excessive amount of numbers, formulas and symbols as we expected that this could distort the 

participants‟ continuous reading. 

The first text we chose for the experiment was a journal article about the newly discovered 

influenza A virus titled Identification of hemagglutinin structural domain and polymorphisms 

which may modulate swine H1N1 interactions with human receptor (see appendix 1).The 

second text evaluates a new microsensor which is to be used for glucose reading in patients 

with diabetes 1 and 2 titled Clinical Evaluation of a Transcutaneous Interrogated 

Fluorescence Lifetime-Based Microsensor for Continuous Glucose Reading (see appendix 2). 

We made summaries of the two texts of which we made two corresponding optimised 
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versions. We will refer to these four texts as text A, B, C and D in the following chapters (see 

appendices 3, 4, 5 and 6). 
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2 Theoretical Perspectives 

This chapter contains theory on language for specific purposes and eye movement behaviour 

during reading which will constitute the theoretical framework for the subsequent analysis. 

We will begin the chapter by describing some of the typical syntactic structures that appear in 

LSP, how such structures may hinder processing and impede reader comprehension, and how 

they can be optimised. Then, we will describe the basic characteristics of eye movements and 

how readers‟ eye movement behaviour can be used to study processing and comprehension. 

 

2.1 Language for Specific Purposes 

In this section of the theoretical chapter, we will give an introduction to language for specific 

purposes and describe some of the syntactic elements which appear in LSP. We will elaborate 

on some of the syntactic structures that appear frequently, i.e. nominalisation, 

premodification, reduced relative clauses and passive constructions. We will outline their 

impact on readers‟ processing effort, that is how much the reader needs to work to understand 

the text, and comprehension of texts containing these. Then, we will introduce a 

communication model which will describe some basic rules for producing good texts. This 

will function as background for the final part of this section, which deals with how to 

optimise the syntactically complex sentence structures mentioned above and thereby ease the 

readers‟ processing effort and improve their comprehension. 

 

2.1.1 LSP and Medical Language 

By most measures, LSP can be described as a tool for experts to communicate their 

knowledge about different processes to different target groups and thus LSP is a linguistic 

means of realising communicative targets within a specific field of expertise (Engberg 1998: 

13). The result is a language which differs from LGP, specifically in terms of morphology, 

syntax and lexis (Høy 1999: 1). LSP texts include doctoral theses, textbooks, user manuals, 

financial statements, popular science articles, legal texts, etc. This means that LSP is 

comprised of many different text types which entails that the communicative purpose of such 

texts vary in terms of text type. 
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The following definition of LSP by Baakes (1994: 1) offers a description of LSP which 

suggests two important elements of LSP communication; specific linguistic features that 

differ from ordinary language and specific communication situations. Baakes states that LSP 

encompasses “a complete set of linguistic phenomena comprising terminological, syntactic, 

and stylistic features which are different from ordinary language and occur within a sphere of 

communication” (Baakes 1994: 1). To some extent, the term phenomena used in the 

definition also describes LSP as a language of its own, i.e. a language which in many ways is 

so connected to its subject-matter, i.e. theme, that it is difficult to separate the language, e.g. 

the terminology and the syntactic features, from the science, process or object which the 

language is describing (Halliday et al. 1993: 70). Therefore, if the subject is complex, the 

language describing it is bound to be complex, which can result in syntactic structures 

becoming complicated and making some texts more difficult to comprehend than necessary 

(Halliday et al. 1993: 70). This use of syntactically complex structures is an element which 

separates LSP from LGP as these structures are seen much more frequently in LSP texts than 

in other texts, which entails that LSP texts are often very compact and information dense 

(Kragh 1995: 4). In this thesis, we use the expression complex syntactic structures to refer to 

the four specific syntactic structures that characterise LSP. These typical syntactic structures 

of LSP comprise premodification, nominalisation, reduced relative clauses and passive 

constructions, and we assume that these complex syntactic structures complicate the texts in 

which they appear. We expect that nominalisation, premodification and reduced relative 

clauses require increased processing effort and even impede comprehension for the readers. 

Furthermore, we expect that passive constructions will to some extent complicate a text by 

making the text formal and impersonal, of which the latter can make it difficult for the reader 

to determine the subject of the sentences in which the passive constructions appear. 

LSP is the broader term for a number of sublanguages comprising e.g. medical language, 

legal language and economic language. Such sublanguages have a number of different 

elements in common as well as distinct features which are representative for the individual 

sublanguages. As far as medical language is concerned, this kind of language serves a variety 

of different purposes, e.g. to describe a study as seen in journal articles, which are the focus of 

this study. For the most part, journal articles are constructed in a uniform manner based on 
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Uniform requirements, the so-called Vancouver style
3
. These requirements include chapters 

such as introduction, method, results and discussion. This uniformity serves as a means of 

achieving clarity which is the most important element of medical writing (Pilegaard 2006: 

743). Together with clarity, precision and economy of language are also characteristic of 

medical language. In general, medical texts are characterised by a specific style such as 

specialised terminology, professional jargon and focus on the topic rather than the objects 

(Pilegaard 2000: 2), which is why specialised terminology and specific syntactic structures 

are preferred. Medical language contains some of the linguistic features which are 

characteristic of LSP in general, namely economical and precise means of communicating 

topics, specialised terminology and use of certain linguistic structures (Høy 1999:1). 

However, the most distinct marker seems to be highly specialised terminology, which is 

primarily derived from Latin and in many cases has been anglified (Wulff 2007: 78). The 

communicative purpose of medical language can be difficult to pinpoint as there are many 

different target groups. When referring to medical language it is important to define the 

intended target groups as these can have a significant impact on the linguistic structures and 

use of terminology. In fact, it might even be appropriate to make a further division of medical 

language based on the communicative purpose and subcategorise a medical language with a 

scientific approach which is strictly aimed at experts. The characteristics of medical language 

with a scientific approach are very formal language usage, many complex syntactic structures 

and extensive use of highly specialised terminology (Halliday et al. 1993:54), which we often 

see in journal articles. Moreover, medical language seems to be subject to some sort of 

cultural bias as approximately 95 per cent of all medical papers coming from Western 

countries are published in English (Pilegaard 2006: 743) making good English skills essential 

when working in the medical field. Since medical language is a sublanguage of LSP, it will be 

characterised by the many of the same characteristics as LSP. So, in the following sections, 

when referring to LSP, it also applies to medical language. 

 

                                                           
3
 The Vancouver style is a set of requirements which are instructions to authors on how to prepare manuscripts. 

More than 500 journals agree to follow these requirements as set out by the International Committee of Medical 

Journal Editors. 
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2.1.2 Characteristics of LSP 

LSP includes a number of different text types which makes it virtually impossible to 

determine LSP as belonging to one specific genre (Korning Zethsen 1999: 70). If genre is 

defined as “a class of works of art, literature, or music marked by a particular style, form, or 

subject” (Summers 1992: 541), it becomes evident that determining a specific genre for LSP 

is not possible. Varied target groups and texts ranging from scientific to legal make the style, 

form and content of LSP very diversified. One common feature, though, which is seen in 

many texts containing LSP, is the orientation towards being informative, or referential, both 

as regards text type and function of the text. In general, LSP texts can be divided into a 

number of different types, and these texts are often informative, argumentative or directive 

depending on the type of text (Lundquist 2008: 34). These different text types have different 

aims, such as providing information, defending theories, and giving instructions (Lundquist 

2008: 34). Journal articles can be said to be informative in that they provide information, i.e. 

facts, about events and phenomena in the world. Informative texts can be further divided into 

e.g. an explanatory text type. Such texts attempt to make the reader understand something in 

detail (Lundquist 2008: 35), and this is the case with journal articles. Besides the specific 

types of texts, texts can also have specific functions depending on the communicative purpose 

of the text. The function of a text is linked to the type of the text (Jakobson 1960: 354). In 

Style in Language, Roman Jakobson describes six different communicative functions, among 

them the referential function. Texts governed by this function convey concrete, objective 

information about the content of a text, i.e. such texts are aimed at describing e.g. situations 

and informing the readers (Jakobson 1960: 354). Usually several of the communicative 

functions can be found in one text with one function being dominant. It is often the case that 

LSP texts are dominated by the referential or conative function, of which the latter is used to 

instruct the addressee to perform actions. Texts governed by the referential function focus on 

depicting imaginary or real objects and situations (Engberg 1998: 16). The two LSP texts for 

the present study are journal articles based on the Uniform requirements, and they are 

governed by the referential function. 

It is a common notion that the purpose of LSP texts is to communicate objective information 

on technical or scientific topics, and accordingly, LSP is often criticised for being illegible or 

incomprehensible as the language often reflects a writing style which is too focused on the 

topic and which does not take the target group into consideration (Korning Zethsen 1997: 40). 
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There can be numerous reasons for this writing style in LSP and in Linguistic Aspects of 

Technical Language (see Kragh 1995: 13-14), Kragh mentions communication situations 

which lack equality. The sender (expert) in these scenarios often possesses knowledge that 

he/she wishes to convey to a receiver (layman), and frequently this form of communication 

entails that the sender wants to make the receiver act in a specific way, and often the power 

relation between the sender and the receiver is distorted. Kragh argues, though, that the same 

may also apply to expert-to-expert communication which is the kind of communication we 

assess in this thesis. In this form of communication, language can be seen as a sign of power 

or prestige although the power relation is more equal. Certain linguistic rules must be 

followed if an expert wants to be taken seriously and some (complex) linguistic constructions 

are preferred to others (Kragh 1995: 14-15). Expert communication, whether aimed at laymen 

or experts, contains syntactic structures which can complicate a text, and it seems that the 

more specialised a text is, the more complex the syntactic structures may become (Rask 2004: 

28). Thus, it can be assumed that LSP texts to some extent are less legible or less 

comprehensible than other texts. 

Defining the type and function of a text is one partial method of determining the 

characteristics of a text. In the following section, we provide a further description of LSP 

based on the four complex syntactic structures which are the focus of this thesis, i.e. 

premodification, nominalisation, reduced relative clauses and passive constructions. 

 

2.1.3 Characteristics of LSP based on Four Syntactic Structures 

Specific syntactic constructions, such as nominalisation and premodification, are used as a 

means to achieve brevity in LSP texts (Jensen 2001: 149). This „goal of brevity‟, which LSP 

texts aim to achieve, entails making texts briefer by, for instance, condensing the syntactic 

structures. Other features that add to the brevity of LSP texts include sparing use of 

determiners (Kragh 1995: 131) and a large amount of content words
4
 per sentence (Halliday 

et al. 1993: 76). An example of a sentence containing many content words (underlined) can be 

seen from the following example: Identification of hemagglutinin structural domain and 

polymorphisms which may modulate swine H1N1 interactions with human receptor (cf. 

                                                           
4
 Such as nouns, verbs, adjectives and some adverbs 
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headline in text A, appendix 3), which consists of 16 words. Of these, 11 are content words 

and this highly information dense and compact sentence may complicate readers‟ processing 

and comprehension of the sentence (Halliday et al. 1993: 76). Naturally, the nature of the 

content words themselves has an impact as well, but the amount of content words plays a 

significant role as well (Halliday et al. 1993: 76). Generally, literature about LSP lists a 

number of syntactic structures that are characteristic of LSP, which include extensive use of 

nominalisation, premodification, postmodification, passive constructions, specialised 

terminology and sparing use of determiners. Some of these elements contribute to making 

LSP texts shorter and information dense, and we expect that the texts in which the structures 

appear are more complicated to process than texts that are not as information dense. However, 

as mentioned in Introduction, we will only focus on premodification, nominalisation, reduced 

relative clauses and to some extent passive constructions as these syntactic structures are quite 

frequent in medical language, and we expect that these features will increase readers‟ 

processing effort. These syntactic structures will be elaborated further in the following 

sections. 

 

2.1.3.1 Premodification 

In general, nouns are preferred to verbs in LSP texts resulting in the noun phrase being the 

most important grammatical element in LSP (Kragh 1995: 100). This, along with the goal of 

brevity, makes nouns with a number of premodified elements in front very common in LSP 

texts. Instances of premodification appear in both LSP and LGP, but the frequency of 

premodification is much more common in LSP than in LGP. Premodification is used in LSP 

because this construction contributes to creating brevity in texts (Pastor 2008: 3). 

Premodification can be used to express complex thoughts and the more complex or 

specialised a text is, the higher number of premodified structures
5
 can be found. The 

interpretation of instances of premodification relies heavily on the context they appear in and 

on the reader‟s knowledge of the subject-matter (Kragh 1995: 108). For example, knowledge 

of complicated machines, techniques, processes, sub-processes, etc. is essential for the ability 

to interpret nouns with a number of premodified elements. 

                                                           
5
 In this thesis we use the terms „premodified structures‟ and „premodification‟ equivalently. 
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Premodified nouns are often criticised for being ambiguous in that their meaning can be 

interpreted in different ways (Kragh 1995: 108). For instance, it can be difficult to see 

whether the glucose concentration-dependent degree of binding (see text C, appendix 5) is the 

dependent degree of the glucose concentration of binding or the concentration dependent 

degree of binding of glucose. In this example, it can be difficult to determine that degree of 

binding is the head of the premodified structure. The general criticism of premodified nouns 

often focuses on the noun phrase elements being separated from their context, and the 

interpretation of the premodified noun depends on the reader‟s background knowledge. 

Simple compounds can easily be interpreted from the context, whereas some texts may 

contain nouns which are so heavily premodified that they become difficult to comprehend 

(Kragh 1995: 108). A noun group such as the novel A/H1N1 influenza virus (see text A, 

appendix 3) is probably fairly simple to process and easy to infer the intended meaning of the 

context, whereas Avalanche photodiode-equipped, time-resolved fluorometer (see text C, 

appendix 5) is far more complex, and it requires increased processing effort to remember all 

elements in front of the head noun until the head noun is reached (Kragh 1995: 104). We 

expect that a noun group such as this requires significantly higher processing effort. 

Compared to Danish, English has some structurally different patterns when it comes to 

constructing compounds. Where English has a preference for piling up elements in front of 

the head noun, Danish LSP often uses postmodification instead which often gives a clearer 

distinction between the elements (Kragh 1995: 109). Although Danish also uses instances of 

premodification, it does not do so to the same extent as English, and this could have an impact 

in terms of processing effort and comprehension when Danes read English texts with heavily 

premodified noun phrases. 

 

2.1.3.2 Nominalisation 

Nominalisation is one of the most common features of LSP (Kragh 1995: 93) and occurs, just 

like passive constructions, when the object or action, rather than the agent or recipient, is 

important in the text (Engberg 1998: 89). Compared to LGP, nouns appear more frequently in 

LSP resulting in a lower number of verbs carrying meaning, and it is often seen that nouns 

which are derived from verbs are used to express actions (Kragh 1995: 93). Nominalisation 
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involves that the noun or the noun group of a sentence becomes the element which carries the 

load of information instead of the verb, which in turn becomes empty (Kragh 1995: 93). 

To use a noun instead of a verb requires more than just a substitution of the verb. It requires a 

completely different sentence structure which may result in a different perception of the 

sentence (Downing 2006: 461). The difference in perception is seen in that nominalisation can 

be more versatile than the use of verbs, because nominalisation can function in the same way 

as other nominals, i.e. as subject or direct object. This property can entail that texts with many 

nominalised structures
6
 become more formal and is assumed by the readers to communicate 

more valid information (Downing 2006: 163) than perhaps a sentence in which the verb group 

carries the information load. Also, nominalisation is used to condense lengthy explanations, 

i.e. to „pack‟ syntactic structures to achieve brevity (Thibault 1991: 283), as seen in the 

sentence: after insertion of the microsensor element (see text C, appendix 5), where a 

transformation of the nominalisation insertion into a verb form will make the sentence longer. 

Furthermore, nominalisation often provides a description of a situation in one word, such as 

insertion, which would otherwise need to be expressed with extra words if expressed with 

verbs. This can be an advantage for readers with insight in a given topic, but a disadvantage 

for readers who have no prior knowledge of the topic (Downing et al. 2006: 462). The use of 

nominalisation to create condensed texts results in a text structure which is highly information 

dense and compact (Jensen 2001: 142). Comprehension problems may occur in that sentences 

become too abstract, i.e. they refer to elements in a way that is unclear or unknown to the 

reader. This may result in ambiguous texts as the different elements might induce diverse 

meanings in different readers (Jensen 2001: 142). Another issue with nominalisation is that it 

often seems as if the verb can lose some of its properties, such as semantic information like 

tense, in the nominalisation process (Malchukov 2004: 10), and only the context reveals such 

information. An example of this can be seen in the sentence …an initial calibration after 

insertion of the microsensor element (see text C, appendix 5), in which semantic information 

about insertion is only revealed by the preposition after. The formality, density and ambiguity 

level of nominalisation may result in texts requiring increased processing effort for the 

readers. 
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 In this thesis we use the terms „nominalised structures‟ and „nominalisation‟ equivalently 
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2.1.3.2.1 Nominalised-like Structures 

Another feature of LSP is what we have chosen to term nominalised-like structures, i.e. 

structures that have many of the same characteristics as nominalisation, including 

compactness. As with nominalisation, such compactness often involves that nominalised-like 

structures, at first glance, are difficult to perceive, but at the same time, a text with several 

nominalised-like structures is assumed by the reader to be formal and to communicate valid 

information. The latter is probably the reason for the many instances of nominalisation and 

nominalised-like structures in LSP. Unlike nominalised structures, nominalised-like structures 

cannot undergo verbalisation, as such structures are not derived from verbs, and it is therefore 

not possible to replace them with verbs. Examples of nominalised-like structures (underlined) 

in the texts we have chosen for this thesis are: ...added to the unpredictability of this virus... 

(see text A, appendix 3) and ...reflect a distinct propensity of these viruses to undergo… (see 

text A, appendix 3). We expect that these structures may increase the readers‟ processing 

effort of the sentences in which they appear. 

 

2.1.3.3 Reduced Relative Clauses 

In general, postmodification, such as a reduced relative clause, is considered less complex 

than premodification, given that a sentence containing instances of postmodification becomes 

more explicit than a sentence containing premodification. However, the degree of explicitness 

varies a great deal, and therefore the level of complexity in the sentences containing 

postmodification varies as well (Kragh 1995: 114). Postmodification may consist of finite 

clauses, non-finite clauses and prepositional phrases, and this thesis will deal with non-finite 

clauses as expressed in reduced relative clauses, and we will only elaborate on such clauses. 

In some instances, reduced relative clauses can be somewhat ambiguous as it is not always 

evident to what or to whom they refer, and thereby they can be rather vague in meaning 

(Hjulmand et al. 1998: 345). Reduced relative clauses have implicit subjects and non-finite 

verb phrases or no verb phrases at all and this means that certain elements of the sentence are 

not expressed (Hjulmand et al. 1998: 345), which may lead to comprehension difficulties 

since such clauses contain less information (Kragh 1995: 114). The following sentence, in 

which the non-finite relative forms have been underlined, is an example of a sentence with 

several reduced relative clauses; ...Avalanche photodiode-equipped, time resolved fluorometer 
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(measuring lifetime in the frequency domain) fitted with custom-made optics suited for 

reading the fluorescence from the AF594 fluorophore used in the assay... (see text C, 

appendix 5). It can be perceived to be vague in meaning and may require higher processing 

effort, because the reader throughout the reading process needs to make an assessment of how 

the different elements are related. Another reason why this kind of sentence may cause 

processing difficulties is that non-finite clauses are less frequent in Danish LSP texts than in 

English LSP texts. Instead, we often see finite relative clauses in Danish LSP texts. This may 

be an element which might impede comprehension for Danes reading English texts (Kragh 

1995: 116). Usually, the meaning of reduced relative clauses can be deduced from the 

context, but it may require significant processing effort to fully comprehend them. 

 

2.1.3.4 Passive Constructions 

LSP is primarily oriented at being informative, and therefore it is often organised in a manner 

which focuses on objects, functions and processes. Therefore, the sender of a text (the agent) 

and the target group (the patient) often appear as little as possible in the text to maintain focus 

on the object (Kragh 1995: 69). This focus on objects rather than agents is termed agent 

displacement (Askehave et al. 2002: 21), meaning that the agents of a text - the people who 

are active in a text - are omitted by means of a passive construction (Engberg 1998: 88). 

Traditionally, passives are considered to be one of the most distinct syntactic features in LSP, 

as it is a means to describe the topic and giving instructions (Kragh 1995: 66) – two elements 

which are essential in many LSP texts. Reasons for choosing passive constructions vary. 

Depending on the communication situation, reasons may be to put emphasis on an object, to 

avoid mentioning the agent as he/she is irrelevant, to avoid personal pronouns, to obtain a 

large amount of information and to make texts briefer (Kragh 1995: 70). If the sender of a text 

wants to put emphasis on an object rather than the agent, the sender can use a passive 

construction (underlined) such as: At least one of these mutations (D274E) was already found 

in the A/H1N1 isolates from Spain… (see text A, appendix 3). In this example, it is irrelevant 

to communicate who found the mutations as this could draw attention to the agent rather than 

the process, and the process is the essential part of the sentence. Since passive constructions 

are often shorter than active constructions, passives can be used to fulfil the goal of brevity 

and compactness of LSP texts (Kragh 1995: 71-71). Moreover, passive constructions are used 
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to signal objectivity, and often the writer of, for instance, a medical text writes on behalf of an 

institution (Jensen 2001: 145). In such cases it is important to maintain a high level of 

objectivity. 

The abovementioned example illustrates that the use of passive constructions can be quite 

practical. However, in some cases passive constructions can make a text less precise as can be 

seen in the following example (passive constructions are underlined): …amino acid 

substitutions F71S, T128S, E302K, M314L in the A/H1N1 HA1 essential for the human 

interaction pattern of these viruses were identified and residues 94D, 196D and 274D of 

A/H1N1 HA1 were predicted… (see text A, appendix 3). In this sentence, the verb forms 

(passive constructions) are placed at the end of the sentence making it unclear what the 

message is, at first glance. The reader does not know what is happening with the amino acid 

substitutions until reaching the end of the sentence and this makes the sentence and the 

intention of the sentence less precise. 

In the following sections, the above descriptions of the four syntactic structures will form the 

basis for altering the syntactic structures in the texts that we have chosen for this study. We 

will introduce the concept of text optimisation as a means of simplifying texts to facilitate 

processing and improve comprehension. 

 

2.1.4 Optimising Texts  

As described in the above sections, LSP texts contain a number of complex syntactic elements 

which can make a text illegible or even incomprehensible. Such elements form the basis of 

our text optimisation, as an alteration of these elements can assist in simplifying a text. This is 

in line with studies of short and long term memory which show that people prefer texts that 

contain linguistically simple constructions instead of complex sentence structures (Halskov 

Jensen 1999: 35). This thesis claims that, via optimisation, it is possible to produce texts 

which will be easier to process and more comprehensible for the readers. Our definition of 

text optimisation entails making texts simpler to process during reading by reducing, 

removing or simplifying syntactic obstacles in order to assist the reader in decoding and 

comprehending the texts with minimal processing effort. More specifically, we focus on 

making an easification of syntactically difficult structures, namely premodification, 
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nominalisation, reduced relative clauses and passive constructions. So, this section functions 

as the foundation for the changes we have made in the medical texts chosen for this study. 

Ideally, a „perfect‟ text is produced in a way which makes the text easy to comprehend for the 

intended target group. Texts which are easy to comprehend are effective in the sense that they 

establish an effect of understanding in the reader without the reader having to use unnecessary 

processing effort to reach this understanding. As the primary function of journal articles is to 

be referential, the writing style in the articles should reflect this function and inform the 

reader in a relevant manner that requires minimum processing effort (Kragh 1995: 6). An 

obvious method to optimise texts which may seem incomprehensible is to alter the specialised 

terminology, seeing that such terminology, particularly in medical language, may be a 

considerable linguistic obstacle. However, this is not always necessary, if the sender takes the 

potential readers into consideration (Jensen 2001: 139). When communicating expert to 

expert, specialised terminology may even be an advantage as this terminology is often 

precise, to the point and part of a common concept system. This kind of terminology cannot 

be avoided as it gets the meaning across to the intended target group (Bush et al. 1995: 40). 

As will be evident from the following sections, which will describe a communication model, 

maintaining specialised terminology is what seems to be relevant for a target group consisting 

of experts, whereas altering complex syntactic structures is relevant for all. 

 

2.1.4.1 Principles of Communication 

There are many different models of how to communicate well, i.e. how to convey a message 

in a manner that a receiver can understand and relate to. This thesis will base its notion of 

communication on the Gricean Maxims, also termed the Cooperative Principle, introduced by 

Paul Grice in 1975. It claims that one fundamental principle of all communication is 

cooperation between the involved parties and that a given sender of a text should fulfil the 

reader‟s expectations; “make your conversational contribution such as is required, at the stage 

at which it occurs, by the accepted purpose or direction of the talk exchange in which you are 

engaged” (Grice 1989: 26). Originally, the cooperative principle was introduced as a means of 

how to conduct conversation, but it can also be applied to communication in general. 

Basically, it states that it is important that a sender of a text produces the text in a way that is 

relevant for the reader of the text, i.e. that the text has an effect of understanding. The 
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cooperative principle can be distinguished by the following four maxims shown in table 1 

below: 

Quantity Make your contribution to the conversation as informative as necessary. 

Do not make your contribution to the conversation more informative than necessary.  

Quality Do not say what you believe to be false. 

Do not say that for which you lack adequate evidence.  

Relevance Be relevant. 

Manner Avoid obscurity of expression. 

Avoid ambiguity. 

Be brief. 

Be orderly. 

Table 1: Overview of the four Gricean Maxims. 

From the abovementioned, it becomes clear that some elements are suitable for specific texts 

and some are not. As suggested by Grice, the stage for and purpose of a text determines the 

„appearance‟ of the text. So, when a text is determined for a specific audience, it should 

appear in a specific way, i.e. texts aimed at laymen should be relevant for laymen and 

likewise for experts. This entails that texts aimed at experts can be produced in a different 

way than texts aimed at laymen. For instance, the use of specialised terminology is often 

relevant for experts, but not for laymen, as this kind of terminology is informative for experts, 

but may be incomprehensible for laymen. For example, in a text aimed at laymen the two 

terms hemagglutinin and transcutaneous would probably be translated into or given 

additional explanations such as a form of antibody and penetration through the skin, 

respectively. 

As seen from the Maxim of Manner, texts should also be void of obscurity and ambiguity, 

meaning that they should be legible for the readers; an element of text production which is 

relevant to all. In relation to text optimisation, particularly the points Quantity, Relevance and 

Manner are interesting, as texts which are optimised, or ideally originally produced with these 

points in mind, require minimum processing effort. The reason for this is that only what is 

relevant is conveyed in a way that is unambiguous and orderly. As journal articles are 

governed by the referential function, it is essential that these texts are relevant and orderly and 

at the same time avoid being ambiguous and obscure. 
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2.1.4.2 Optimisation of Complex Syntactic Structures 

In this section, we will review the four syntactic structures we have chosen as our focal points 

for optimisation, i.e. premodification, nominalisation, reduced relative clauses and passive 

constructions. To reduce the number of these syntactically complex structures, we use some 

basic rules of how to write well, namely the Gricean Maxims stated above. Texts produced 

with the Gricean Maxims in mind are often clear and manageable with limited use of 

linguistically ambiguous elements. This means that we will reduce the amount of instances of 

premodification and reduced relative clause and produce texts that contain an additional 

number of active constructions and fewer instances of nominalisation and passive 

constructions, as the latter two tend to make a text abstract and formal resulting in an 

impersonal and perhaps ambiguous text (Kristensen et al. 2007: 188). Such an optimisation 

process does not necessarily entail completely removing syntactically complex structures, but 

rather reducing them to a reasonable amount. In the following sections, we will review the 

structures we have chosen for this thesis and give examples of how such structures can be 

optimised. 

 

2.1.4.2.1 Optimising Premodification 

Noun phrases containing heavy premodification are elements which add to the complexity of 

sentence structures in LSP, as such nouns with many modifiers in front of the head noun can 

be difficult to decode. In addition, they can also be quite ambiguous in that they contain large 

amounts of information which can result in some information being lost (Kragh 1995: 103). 

In the following example: …these highly pathogenic avian influenza (HPAI) viruses... (see 

text A, appendix 3), the head of the noun phrase is viruses. However, in this context the head 

cannot be separated from influenza and perhaps avian without losing its semantic meaning. 

To separate it from avian would result in an altered version that would be very long: 

...influenza (HPAI) viruses which are avian and highly pathogenic.... A shorter modification 

could be …avian influenza (HPAI) viruses which are highly pathogenic....This breaks down 

the sentence into bits or elements which are more manageable for the reader. The Gricean 

Maxim of Manner applies here, as the alteration makes the sentence less obscure. 

Premodification can be transformed in numerous ways. The abovementioned example shows 

a transformation into a relative clause, but different prepositional phrases can also be used as 
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well as a combination of prepositional phrases and relative clauses (Kragh 1995: 104). 

Another example of a premodification which may be perceived as ambiguous is: ...The 

glucose concentration-dependent degree of binding... (see text C, appendix 5), in which it can 

be difficult to decode the premodifying elements. A further example of a sentence which may 

require higher processing effort, due to a piling up of elements in front of the head, is: ...a 

fluorophore-labeled human glucose receptor... (see text C, appendix 5). The sentence can be 

difficult to decode, as all the elements before reaching the head of the noun group, receptor, 

must be remembered. It can be altered into: ...a human glucose receptor labeled with 

fluorophore... (see text D, appendix 6). This new sentence containing a reduced relative 

clause also follows the Maxim of Manner, as the alteration of the sentence makes it orderly 

and clear. 

 

2.1.4.2.2 Optimising Nominalisation and Nominalised-like Structures 

Another common syntactic structure in LSP is nominalisation, which is used quite 

extensively. It is also used in LGP, but the excessive use of nominalisation in LSP may result 

in „abstract‟ texts, i.e. inaccurate or incomprehensible texts (Jensen 2001: 142). Thus, it is 

important to make a definition of the function of nominalisation in a text in the sense that 

some instances of nominalisation are necessary and commonly used, and some can easily be 

removed or altered. The „abstractness‟ of nominalisation can make sentences less legible for 

the reader (Jensen 2001: 142), and it is possible for the sender to change this by focussing on 

the verb rather than the noun. In many cases, this will make the texts less compact, because 

although nominalisation is often used as a method to economise texts, they can make 

sentences unnecessarily complex (Jensen 2001: 142). An example of this can be seen in the 

sentence … after insertion of the microsensor element... (see text C, appendix 5), in which the 

instance of nominalisation insertion adds to the complexity of the sentence. The sentence may 

be altered into …after the microsensor element has been inserted... (see text D, appendix 6) 

or perhaps ...after we inserted the microsensor element.... These are two examples of changes 

which make the sentence less compact, and they are in line with the Gricean Maxim of 

Manner as they do not obscure the sentence structure or intended meaning of the sentence. 

It is also possible to alter the nominalised-like structures. As these are not derived from verbs, 

they cannot be turned into verb forms, but they can be transformed into other structures, such 
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as adjectives, as can be seen in …made this virus unpredictable... (see text B, appendix 4), 

which is an alteration of ...added to the unpredictability of this virus... (see text A, appendix 

3).These changes are also in line with the Maxim of Manner, as the alterations make the 

sentence briefer and probably more readable than the original version. The same applies for 

the sentence: ... that reflect a distinct propensity of these viruses to undergo a specific 

interaction..., in which the nominalised-like structure propensity appears (see text A, 

appendix 3). Presumably, an alteration of this term will make the sentence more legible and 

clear, but as it is not possible to change the term into an adjective or verb, a complete change 

of the term is necessary. In this case, a synonym can be used and the sentence can be changed 

into ...which reflect that these viruses distinctly tend to undergo a specific interaction... in 

which propensity has been removed and the synonym tend to has been inserted. The 

abovementioned changes can make the sentences more legible in that less complex structures, 

which we expect will be easier to process and comprehend, are used. 

 

2.1.4.2.3 Optimising Reduced Relative Clauses 

Postmodification is often considered more explicit and therefore easier to comprehend than 

premodification. However, as reduced relative clauses can make the sentences in which they 

appear ambiguous, it is possible to optimise such sentences in order to reduce the reader‟s 

processing effort. A rewriting of a reduced relative clause can be done by e.g. inserting a 

relative pronoun and changing the non-finite verb into a finite verb. The following sentence 

contains a reduced relative clause (underlined) which, on first reading, may be perceived as 

being somewhat ambiguous: ...Using the same approach, amino acid substitutions F71S, 

T128S, E302K, M314L in the A/H1N1 HA1 essential for the human interaction pattern of 

these viruses were identified and residues 94D, 196D and 274D of A/H1N1 HA1 were 

predicted as "hot-spots" for mutations that may significantly increase the propensity of this 

virus to interact preferentially with human host proteins... (see text A, appendix 3). The 

possible ambiguity occurs as the reader may perceive essential to be a part of the noun group 

the A/H1N1 HA1 and the reader could be required to reread the sentence to fully understand 

it. Inserting which are in front of essential in the above sentence would change the properties 

of the already long, complex and perhaps ambiguous sentence. An alteration such as the 

abovementioned is in line with the Gricean Maxim of Manner, as inserting a relative pronoun 
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removes the ambiguity or obscurity of the sentence thereby presumably reducing the 

processing effort for the reader. 

It is often seen that the choice between premodification and postmodification in texts 

containing LSP is based on the Gricean Maxim of Relevance. In expert-to-expert 

communication in LSP texts, the sender of a text often expects the readers to possess 

knowledge of the subject-matter, and therefore premodification is chosen since this structure 

is perceived to be optimally relevant for the reader (Kragh 1995: 129). But if premodification 

is constructed in a way which obstructs the flow of the text, it may increase processing effort 

and perhaps even impede comprehension, and thereby it is not always an optimal structure. 

 

2.1.4.2.4 Optimising Passive Constructions 

Passive constructions are examples of syntactic structures which need to be balanced to create 

an optimal text. In some cases, passive constructions are relevant and appropriate for the text. 

For example when the text focuses on an object or an action instead of an agent, e.g. …and 

the samples were analyzed by a Beckmann glucose analyzer... (see text D, appendix 6). Here, 

it is not important who performed this action, but it is important that it was performed, and on 

what it was performed. This is a example of a passive construction which does not need any 

alteration. Furthermore, this sentence is in line with the Gricean Maxim of Quantity - do not 

make your contribution to the conversation more informative than necessary - in that only the 

most relevant information is given; samples, analysed, Beckmann glucose analyzer. Another 

argument for using passive constructions in LSP texts is that such constructions are often 

shorter than active constructions. This applies very well with the Gricean Maxim of Manner - 

be brief - which is in accordance with the overall aim of brevity in LSP texts. However, the 

effect of passive constructions is not always brevity. An alteration of the example ...The study 

was approved by the local ethical committee... (see text C, appendix 5) shows us that an 

active construction of this sentence will be shorter; ...The local ethical committee approved 

the study.... Some passive constructions (underlined) can make a text less precise and more 

formal as in …amino acid substitutions F71S, T128S, E302K, M314L in the A/H1N1 HA1 

essential for the human interaction pattern of these viruses were identified and residues 94D, 

196D and 274D of A/H1N1 HA1 were predicted as "hot-spots" for mutations… (see text A, 

appendix 3). This is an example of a sentence containing two passive constructions which 



  

30 

 

may add to the text being less precise. Looking at the sentence, it is not clear who or what 

identified the viruses and predicted “hot-spots”. The sentence is also an example of a use of 

passive constructions which may require higher processing effort for the reader as the verbs of 

action is placed at the end of the clauses. Due to the position of the verbs, the reader may find 

it difficult to know exactly what is happening with the amino acid substitutions. The sentence 

could be changed into ...we identified amino acid substitutions F71S, T128S, E302K, M314L 

(...) and we predicted residues 94D, 196D and 274D of A/H1N1 HA1 as "hot-spots" for 

mutations…. Such alteration depends, of course, on whom the agents of the sentence are; are 

they the senders of the texts or are they referring to somebody else. The alteration fulfils the 

Gricean Maxim of Manner - avoid obscurity of expression/avoid ambiguity - as it is evident 

from the new sentence who perform the actions and thereby avoids ambiguity. As shown in 

the above examples, it is clear that a text which is produced in a manner that balances passive 

and active constructions would be optimal, as this would fulfil the requirements of quantity, 

relevance and manner of the cooperative principle. 

The examples of text optimisation of premodification, nominalisation, reduced relative 

clauses and passive constructions are merely examples of some of the alterations of syntactic 

structures appearing in the medical texts related to this study. Ideally, a holistic view on the 

texts involves changes of additional complex syntactic structures or perhaps a complete 

reediting, which we expect would have an even larger impact on the legibility and 

comprehension of the text for the intended target group. However, we assume that the 

alterations we have made (cf. appendix 14) will have a positive effect on the readers‟ 

processing effort and overall comprehension of the texts. We expect that this will be evident 

from the participants‟ gaze behaviour during reading of the four medical texts. How eye 

movements can be used to study processing and comprehension will be described in the 

following sections. 

 

2.2 Eye Movements during Reading 

In this section of the theoretical chapter, we will present some theoretical aspects of reading 

and eye movements. We will describe some basic characteristics about eye movements and go 

through some of the eye movement patterns and cognitive processes that take place during 

reading. Then, we will present different ways of measuring word, sentence and discourse 
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processing. Finally, we will look at what linguistic factors influence eye movements, and how 

eye movements can be used to study reading. The review will form the theoretical 

background necessary to understand what factors influence eye movements, and it will also 

assists us in our subsequent analysis. We will begin this section by briefly explaining reading 

in general and our considerations concerning the processing abilities of readers who have 

English as their second language. 

 

2.2.1 Reading 

There are many different ways of reading, such as proofreading and skimming, but in this 

thesis we focus on the type of skilled reading which occurs when readers comprehend e.g. a 

textbook or a newspaper article. We find it relevant to provide a definition of reading 

applicable to this study and we have chosen to adopt a definition by Rayner, Pollatsek and 

Lundquist, respectively. Rayner and Pollatsek say that “reading is the ability to extract visual 

information from the page and comprehend the meaning of the text.” (Rayner et al. 1989: 23). 

In a more elaborate manner, Lundquist states that “reading involves perceiving and 

identifying words and bracketing them into meaningful units” as well as “making out 

meaning relations in a sentence and adding meaning from one sentence to preceding and 

succeeding ones.” (Lundquist 2008: 47). As seen from these two quotations, reading not only 

involves recognising words, but also organising the words into meaningful units, a process 

termed parsing. To achieve an understanding of a text, it is also important to be able to 

identify what meaning the order of the meaningful units create between them. This leads us to 

syntax, which is a discipline that “describes rules for connecting words to form sentences in a 

particular language” (Lundquist 2008: 48). The general principle of English syntax is that the 

words closest to each other belong most directly to each other. Knowledge of this principle 

makes it possible for readers to divide and unify words into units, which they are then able to 

span over and interpret at one stroke (Lundquist 2008: 49). 

Reading takes place in a linear process, which in respect to English, the language we are 

concerned with in this study, means reading from left to right. When we read we use the 

syntactic rules in order to parse sentences, get at their meaning and finally achieve an 

understanding of a particular text (Lundquist 2008: 48). Rayner and Pollatsek estimate that 

during reading “information flow seems to be primarily bottom up, going from words to 
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syntactic structures to semantic structures” (Rayner et al. 1989: 263). So, knowledge of 

syntactic rules is important in order for people to comprehend a text. 

We have chosen to adopt the above two definitions of reading because we find them 

applicable to our study. However, as there are many purposes for reading and many processes 

that come into play during reading, no single statement can actually capture the complexity of 

it. Rather, reading can be said to be a complex combination of processes. Since reading is 

complex and has multiple purposes, the cognitive processes that operate during reading must 

also be complex. The cognitive processes comprise lower-level and higher-level processes. 

Lower-level processes include word recognition, syntactic parsing and semantic encoding, 

whereas higher-level processes encompass what the text is about, how we decide to interpret 

the text, and how we direct our attention (Grabe 2009: 21). We will not go into detail with 

these processes as the many activities that define them would go beyond the constraints of the 

present thesis. Since the focus of our study is on complex syntactic structures, we will round 

off this section by noting that the lower-level process of syntactic parsing is essential for 

getting at the meaning of sentences. Though the role of grammatical information in 

comprehension including syntactic parsing, whereby we “access meaning information from 

words and sentence structure”, is often overlooked, it is indeed essential to reading (Grabe 

2009: 29-30). There is much research supporting the important role of syntactic parsing in 

reading comprehension. For instance, word order, determiners, subordinate clauses, tense and 

modality have been demonstrated to have a strong impact on reading processing time. 

Likewise, there is an extensive amount of experimental findings showing that complex and 

ambiguous syntactic structures have a considerable impact on reading processing time as well 

(Grabe 2009: 30). 

 

2.2.1.1 Reading Texts in a Foreign Language 

During reading we actively use our acquired knowledge of syntactic rules to parse sentences 

and obtain meaning. This process of parsing sentences works automatically when people read 

a text in their native language, but it may cause problems when they read a text in a foreign 

language (Lundquist 2008: 48). For people to read a text in a foreign language or in a second 

language (L2), as the participants in our experiment are asked to do, requires dual language 

abilities and dual language processing. Grabe describes L2 reading as “an ability that 
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combines L2 and L1 reading resources into a dual-language processing system” (Grabe 2009: 

129). This basically means that since L2 and L1 may differ in e.g. phonology, orthography, 

morphology, grammar, there may also be significant differences in the way a text is processed 

(Grabe 2009: 131). At the same time, there are also linguistic aspects of the relationship 

between L1 and L2 that are similar, which can in fact help the L2 reader. In the case of 

Danish and English, cognates, such as cold (in Danish: kold), may facilitate Danes reading an 

English text. Similarly, possessive determiners (e.g. my, your), demonstrative pronouns (e.g. 

this, those) and similarities for time and space reference (e.g. here, there) may also aid L2 

reading (Grabe 2009: 131). Despite the linguistic differences that exist between Danish and 

English, we argue that the participants in our experiment are used to reading English texts in 

an academic context through their education and that possible processing difficulties will be 

due to difficulties in comprehension rather than limited knowledge of English language. Apart 

from the linguistic differences and the requirement of dual language abilities mentioned 

above, educational and sociocultural differences also have an effect on the processing abilities 

of L2 readers (Grabe 2009: 130). But, since the focus of our study is on how certain syntactic 

structures affect comprehension, we will not go into detail with these differences. We will 

simply note that issues, such as individual differences, practice in reading and sociolinguistic 

knowledge, also have an effect on comprehension of L2 texts. 

 

2.2.2 Basic Characteristics of Eye Movements 

In order to understand how eye movements can be used to study reading, we will describe 

some basic characteristics of eye movements. Although it may seem as if our eyes move 

smoothly across the page as we read, the progress is not continuous. The eyes rest for periods 

of time, which are typically between 200 and 250 milliseconds (msec) long. These periods are 

called fixations. Between the fixations there are periods where the eyes move rapidly, and 

these movements are called saccades (after the French word for „jump‟). The function of the 

saccades is to move the eyes from one place to another in the text (Rayner et al. 2006: 242). 

During reading, our eyes generally move forward seven to nine characters with each saccade 

and the duration of a saccade is typically about 20 to 35 msec. Most saccades move forward, 

but around 10 to 15 per cent move backward and are termed regressive saccades or merely 

regressions. We make about four to five saccades in a second and a regression about every 
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two seconds when we read. The majority of the regressions we make are quite short and only 

go back a few characters, which indicates that for the most part we make regressions 

unconsciously. Naturally, regressions can also reflect incomprehension requiring the reader to 

go back several characters in order to „solve the problem‟ (Rayner et al. 1989: 113-114). It 

should be noted that the abovementioned values are averages, and there is considerable 

variability in the measures both between and within individuals, which is often related to the 

difficulty associated with comprehending a certain text (Rayner et al. 2006: 242). 

For every fixation a reader makes, the line of text can be divided into three regions based on 

the reader‟s visual acuity, namely the foveal, parafoveal and peripheral region. The foveal 

region, which includes about 2˚ of visual angle around the point of fixation, is specialised for 

processing detail and beyond the fovea, acuity is markedly reduced. Hence, words located 

further from the fovea are more difficult to identify. The parafoveal region extends from the 

foveal region out to about 5˚ of visual angle on each side of a fixation and readers are able to 

extract some useful information from this region. The peripheral region includes everything 

beyond the parafoveal region and information in this region tends to be of little use to the 

reader (Rayner et al. 1994: 58). 

No visual information is extracted from the page (or screen) during the saccades, or at least 

several previous experiments indicate that if any information gets in during a saccade it is of 

little practical importance (Rayner et al. 1989: 113, 122). So, since virtually all information is 

extracted during the fixations, the interest in fixations is on the information extracted, whereas 

the interest in saccades is in how they help to control the flow of information extraction, 

seeing that the function of the saccades is to move the eyes to another fixation (Rayner et al. 

1989: 123). With this in mind, we consider fixations as indicators of cognitive load, i.e. the 

higher number of fixations and the longer fixation durations, the more cognitive effort is used 

(cf. Duchowski 2007: 168-169). 

Before moving on to how we measure eye movements during reading, we will go through 

four issues that are relevant when using eye movements to investigate reader comprehension, 

namely the perceptual span, the eye-mind span, parallel processing and the spill-over effect. 
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2.2.2.1 The Perceptual Span 

As indicated in the above section (2.2.2 Basic Characteristics of Eye movements), readers are 

able to see more than the currently fixated word. The area of effective visual field on a 

fixation during reading is termed the perceptual span (Rayner et al. 1989: 124). The 

perceptual span can be defined as “that portion of the text from which useful information is 

obtained during a single fixation in reading” (Rayner et al. 1994: 59). Experiments have 

shown that the perceptual span is quite limited, and for readers of English the perceptual span 

is asymmetric to the right of a fixation in that the information to the right of the fixation is 

extracted much further out than the information to the left. In fact, information to the left of 

the fixation is extracted from an area which, at most, includes the word fixated. On the other 

hand, the right boundary of the perceptual span does not seem to be affected by word 

boundaries (Rayner et al. 1989: 131). More specifically, it has been demonstrated that the 

perceptual span is limited to from the beginning of the currently fixated word to about 15 

character spaces to the right of the word fixated (Rayner et al. 1994: 60). If the perceptual 

span encompasses several words, eye movement data will not be a good processing indicator, 

since it will be less clear which word is processed. Ideally, a reader would identify only one 

word at a time and then on the following saccade move on to the next word to identify it. 

Fortunately, this is often the case (Rayner et al. 1994: 59). 

 

2.2.2.1.1 Word Identification Span 

The area in which word identification takes place is even more limited than the perceptual 

span. Readers are often capable of identifying the word to the right of the fixated word and 

sometimes even two words, particularly if the fixated word and the following two are short 

words. Nonetheless, the information used to identify a word seldom extends beyond five to 

seven character spaces to the right of the fixation (Rayner et al. 1994: 60). Though readers are 

able to identify words that they do not fixate, it is quite rare that words beyond the fixated 

word are fully identified (Rayner et al. 1989: 140). Thus, what we could denote the word 

identification span is smaller than the perceptual span, and it tends not to go beyond the 

boundaries of individual words. In practice, this means that a reader generally identifies the 

currently fixated word and then moves on to fixating the next word (Rayner et al. 1994: 60). 
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2.2.2.2 The Eye-Mind Span 

While there is substantial evidence that the ease or difficulty of processing a word influences 

the fixation time on that word, the fixation time is not a pure reflection of the processes 

associated with comprehension of that word (Rayner et al. 1994: 61-62). It takes time for the 

visual information to arrive at the brain centres in which visual words are identified (Rayner 

et al. 1989: 165). This span between the eyes and the mind is referred to as the eye-mind span 

and can be described as “the lag between visual and cognitive processing” (Rayner et al. 

1994: 61). The span is assumed to have a duration of 50 msec (see 2.2.2.3 Parallel Processing 

below), and it refers to the linkage between the eyes (where they fixate and for how long) and 

the mind (what is being processed) during reading. 

 

2.2.2.3 Parallel Processing 

The cognitive processing of a text regulates the eye movements, which means that eye 

movements can be said to be under some sort of cognitive control (Rayner 1989: 159). To 

summarise Rayner and Pollatsek (1989), it is not unlikely that an average fixation of around 

200 to 250 msec comprises about 50 msec for the stimulus to be registered in the brain, 80-

120 msec to decode the word and another 50 to 70 msec to decide that an eye movement 

should be made and begin its execution (Rayner et al. 1989: 155-176). 

Though there is reasonable scientific backing for the above time division of an average 

fixation and there is substantial evidence of direct links between cognitive processes and the 

pattern of eye movements, the pattern is far from simple. On a fixation, parts of words appear 

to be extracted, besides the currently fixated word, which makes the task of identifying what 

exactly is processed on a fixation in reading rather challenging (Rayner et al. 1989: 152). The 

rapid processing of a word (of around 200-250 msec) is aided by two factors, namely that the 

fixated word may have been partially decoded on the previous fixation and secondly that the 

calculation of where to move may happen in parallel with the word identification. A 

phenomenon often referred to as parallel processing. This means that the fixation time on a 

word does not necessarily correspond to the time it takes for the reader to identify that word. 

Sometimes one, two or occasionally three words can be processed on one fixation, but also 

parts of words can be extracted which help identify those words on later fixations (Rayner et 

al. 1989: 152, 176). 
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2.2.2.4 The Spill-Over Effect 

Another factor indicating that the fixation time spent on a word is not a pure reflection of the 

processes associated with comprehension of that word is the so-called spill-over effect. The 

spill-over effect has been demonstrated in a number of eye movement experiments, which 

have illustrated that the processing of a word is not always completed by the time the eyes 

move off to the next word, which means that the fixation „spills over‟ onto the next word 

(Göpferich 2007: 10). The spill-over effect usually happens in connection with low-frequency 

words. Rayner et al. found that fixation times were 30-40 msec longer on the word 

immediately following a low-frequency word compared to a high-frequency word (Rayner et 

al. 1994: 62). This indicates that the reader‟s analysis of the low-frequency word has spilled 

over onto the processing of the following word. 

 

2.2.2.5 Summary of Eye Movements 

To sum up the basic characteristics of eye movements; the eyes move about four to five times 

per second and jump about seven to nine characters each time they move, and they move 

backward approximately 10 to 15 per cent of the time. An average fixation is typically 

between 200 and 250 msec long, but there is generally considerable variability in the extent of 

the forward motion of the eyes and the amount of times they stay in a fixation. Moreover, 

readers are able to process more than the fixated word on a fixation, and the area of effective 

vision during a fixation, i.e. the perceptual span, extends from the beginning of the currently 

fixated word to about 15 character spaces to the right of the word. 

A large eye-mind span, the spill-over effect and parallel processing reflect that the fixation 

time on a word does not always reflect the processing time for that particular word, which 

may complicate the interpretation of eye movements. Though we are not able to determine the 

precise extent to which fixation time on a word reflects the processing time for that word, 

careful control of the context of the text allows us to make rather safe conclusions based on 

the eye movement data. 
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2.2.3 Measuring Eye Movements during Reading 

There are three major components of eye movements during reading which have already been 

mentioned: fixations, saccades and regressions. The number of fixations, fixation durations, 

saccade length and reading time all vary according to text type. It has been demonstrated that 

for difficult and complex texts, the average fixation duration increases, the average saccade 

size decreases, the number of regressions increases and the overall reading rate slows down 

(Rayner et al. 1989: 153). In the following sections, we will go through the different ways of 

measuring word, sentence and discourse processing. Then, we will look at how processing 

difficulties influence eye movements. 

 

2.2.3.1 Measuring Eye Movements 

One critical problem with analysing eye movement data is that there are at least two ways in 

which readers react when experiencing processing difficulties. One way is that their eyes 

remain on the critical segment of the text until the problem has been solved. Another 

possibility is that the eyes make a regression to an earlier point in the sentence or text and 

reread the particular difficult segment (Radach et al. 2004: 8, Frenck-Mestre 2005: 178). In 

order to cope with these complexities, eye movement researchers have proposed different 

ways of measuring word, sentence and discourse processing time. The appropriate measure of 

processing time depends largely on whether the unit of analysis is a single word or a larger 

segment of text. In the following section, we will consider the possible measures. 

 

2.2.3.1.1 Word, Sentence and Discourse Processing 

A number of measures are available for analysing word processing time. Readers sometimes 

make multiple fixations on one word, and one way to deal with this issue is to use the 

measure first fixation duration, which is the duration of the first fixation independently of the 

number of fixations on the word. Another measure is gaze duration, which is the sum of 

consecutive fixations on a word before the eyes move off to another word (Rayner et al. 2006: 

243). If only one fixation on a word is made, then the first fixation duration and gaze duration 

measures are equivalent (Rayner et al. 1994: 64). The third possibility is the total fixation 

time, which is the sum of all fixations on a word also including later fixations on the word as a 
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result of regressions or rereading. As for both gaze duration and total fixation time, it is 

assumed that the fixations following the first fixation are needed to continue processing the 

word in some way. Finally, the frequency of regressions out of a word is often also reported 

as it may indicate the time used for reanalysis seeing that the word was not fully processed on 

the initial encounter (Rayner et al. 1989: 115-116, Rayner et al. 2006: 243). All of the above 

measurements provide essential information about how words in context are processed. 

When focus is on sentence or discourse processing, researchers typically report slightly 

different measures. Typically, a sentence will be divided into different target regions, or areas 

of interest, and processing times for each area will be examined (Rayner et al. 1994: 65). One 

possible measure is the first-pass reading time, which is the sum of all fixations in an area 

disregarding any later fixations in the area once the eyes have exited to the right or to the left.  

Another is the second-pass reading time being the sum of all fixations in an area when the 

eyes focus on that particular area for the second time. The sum of all of the fixations in the 

area is termed the total reading time (Frenck-Mestre 2005: 176). A forth possibility is to 

count the total number of fixations in an area, which is referred to as fixation count (cf. 

Göpferich 2008: 107). It depends on the specific study which measures are most useful in 

analysing the eye movement data. For this study, we have chosen to assess the participants‟ 

eye movement behaviour using the following measures: total reading time, first-pass reading 

time, fixation count, individual fixation durations and number of regressions. 

 

2.2.4 Factors influencing Eye Movements 

There are several factors that may influence eye movements, e.g. the duration of fixations, the 

progression of saccades across a sentence and the probability of refixating and/or skipping a 

particular word or area (Frenck-Mestre 2005: 178). There is much debate as to whether „low-

level‟ factors, i.e. factors linked to physical properties of words and the oculomotor system
7
 

itself, or „high-level‟ factors, i.e. linguistic factors, play the important role in a reader‟s 

decision of where to send his or her eyes and for how long during reading (Frenck-Mestre 

2005: 179). For example, low-level factors, such as the position of the eyes in a word and the 

                                                           
7
 The oculomotor system is the part of the central nervous system having to do with eye movements. The 

purpose of the oculomotor system is to put and to keep the object of regard on the fovea (Goodwin 2008). 
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length of the word itself, may influence e.g. duration time on that particular word as well as 

the probability of fixating that word. In addition, high-level factors, such as lexical frequency 

and the predictability of words in the sentence context, may also influence a reader‟s eye 

movements. There is strong evidence that both low-level and high-level factors affect eye 

movements (Frenck-Mestre 2005: 179, Rayner et al. 2006: 243-244), and we will take both 

into consideration in assessing how complex syntactic structures affect processing and reader 

comprehension. Below, the main factors influencing the position of fixations, the duration of 

fixations, the length of saccades and number of regressions are reviewed. In addition, possible 

effects of syntactic ambiguity as well as syntactic complexity are briefly reviewed. 

  

2.2.4.1 Position of Fixations 

According to Rayner and Pollatsek (1989), the probability of fixating on a word increases as 

word length increases, and as regards the position of the fixations, there is a preferred viewing 

location in words between the beginning and the middle letters of a word (Rayner et al. 1989: 

157). Words that are not fixated even though they are perceived and processed tend to be 

skipped if they are short, frequent or in some way easy to process. Similarly, words are 

skipped more often if they can be predicted from previous sentence context (Rayner et al. 

1989: 158, Rayner et al. 1994: 59). This may be due to the fact that short words can be read in 

the peripheral visual field, if the eyes stay long enough at the end of the prior word (Frenck-

Mestre 2005: 179). In addition, the beginning of a sentence and the end of a line of text before 

a line break are skipped far more frequently than other regions of the sentence. Hence, these 

regions are poor regions to use for analysis as they will perhaps provide misleading data 

(Frenck-Mestre 2005: 178). 

 

2.2.4.2 Duration of Fixations 

In the last 15 years, several eye-tracking studies have shown that lexical variables strongly 

influence the amount of time readers fixate on a word (cf. Rayner et al. 1989: 158). For 

instance, infrequent words require longer fixations compared to frequent words regardless of 

their word length. Also, words that the reader is able to predict from the context of the 

previous sentence tend to have shorter fixation durations. Fixation duration also varies 
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according to the function of a word in a sentence. For instance, longer fixation duration is 

seen on the verb in a sentence than on the noun. Equally, fixation duration often increases on 

syntactic ambiguities as well as lexically ambiguous words. Moreover, reading time is 

affected by the distance between an anaphor and its antecedent; the longer the distance, the 

longer the reading time (Rayner et al. 1989: 158-159). Finally, fixation duration is longer on 

the final words of a sentence than on words within the sentence. This additional processing at 

the end of a sentence is known as the sentence wrap-up effect and is probably seen because 

the reader tries to understand the entire sentence at this point. As it is a matter of the reader‟s 

comprehension of the entire sentence, the end word of a sentence is generally a poor region 

for analysis (Frenck-Mestre 2005: 178). 

 

2.2.4.3 Length of Saccades and Regressions 

The word to the right of a fixation influences the length of the saccade, i.e. the eyes tend to 

jump longer when the fixation is followed by a long word than a shorter word (Rayner et al. 

1989: 157). Also, the length of the fixated word in itself influences the length of the saccade 

in that the longer the word is, the longer the saccade off the word is (Rayner et al. 1989: 158). 

As we noted at the beginning of this chapter, regressions are an important component of eye 

movements in reading, but they can occasionally be difficult to interpret. Regressions are 

often assumed to reflect some type of „comprehension failure‟, but in reality most regressions 

are short and often simply take the eyes back to the immediately preceding word. These kinds 

of short regressions are most likely caused by oculomotor errors which find expression in e.g. 

the eyes overshooting the intended saccade target on the previous saccade or due to 

comprehension difficulties i.e. that the reader goes back to find out exactly what word he or 

she just read. Nonetheless, longer regressions mostly do reflect comprehension difficulty 

seeing that readers avoid looking very far back in a text unless it is absolutely necessary. 

Readers normally only make a small number of long-distance regressions, and when they do, 

they are fairly accurate in locating the particular passage in which they experienced a 

comprehension failure (Rayner et al. 2006: 250). 

It is clear that eye movements are sensitive to a number of variables, such as word length and 

word frequency. As noted, fixation duration is affected by syntactic ambiguities, but syntactic 
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ambiguities can influence other variables than fixation time on a word. In the following 

section, we will illustrate how the effects of syntactic ambiguities can be shown in the eye 

movement record. 

 

2.2.4.4 Syntactic Ambiguity 

As stated by Lundquist (2008: 48) and Grabe (2009: 29-30), readers perform a structural 

analysis of the text on the basis of their syntactic knowledge (see 2.2.1.1 Reading Texts in a 

Foreign Language). Since a text sometimes contains syntactic ambiguities and since only one 

analysis is initially constructed, the reader is sometimes required to go back in the text and 

revise his or her initial analysis when encountering ambiguous information at a later point. 

Rayner et al. provide a simple example to illustrate this (cf. Rayner et al. 1994: 70). If we 

consider the sentences (a) We knew John well and (b) We knew John left, both sentences begin 

with the word string We knew John, and the initial analysis of sentence (a) is most likely that 

the noun John is the object of the verb knew. This is consistent with the following well, but 

inconsistent with left in (b). In (b), John is subject of the complement clause rather than object 

of the main verb. When left is read, the initial analysis has to be revised in order for the 

sentence to make sense. Rayner et al. found that such an inconsistency was evident in the eye 

movement record, in which fixation time on the word left was significantly longer than on 

well indicating that the preferred analysis may have been wrong. 

Apart from lengthened first fixation time on a word, other eye movement measures support 

the statement that parsing is disrupted with certain syntactic constructions, such as in the 

example above. For instance, frequent regressions from the disambiguating region into the 

ambiguous region can also indicate a disruption in the initial analysis (Rayner et al. 1994: 71). 

In this respect, eye movement research can assist in examining how readers identify and 

resolve temporary syntactic ambiguities. 

 

2.2.4.5 Syntactic Complexity 

In the absence of ambiguity, much attention has been drawn to the effect of syntactic 

complexity in its own right. There is evidence both for and against the claim that structural 

complexity in itself contributes to processing difficulty. For instance, some argue that a 
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sentence complement, as in John left in (b) above, is more complex than a noun phrase object, 

as in John well in (a), and thus more complex to process (Rayner et al. 1994: 71). Others 

argue that structural complexity per se does not contribute to processing difficulty. Though 

there is no definite evidence either for or against syntactic complexity in itself contributing to 

processing difficulty, we anticipate that our study will contribute to the evidence arguing that 

complex syntactic structures do in fact have an influence on processing difficulty, at least in 

respect to our topic of interest, i.e. LSP texts within the area of medicine. 
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3 Methodology 

There are many approaches to measuring processing and comprehension, such as self-

reporting questionnaires, interviews and eye-tracking (Afflerbach et al. 2009: 76). However, 

the task of measuring comprehension is not an easy one. For instance, it is not possible simply 

to ask people what they understand and how they achieve this understanding. As argued by 

Rayner and Pollatsek, many of the multiple-choice type of questions on the content of a 

certain text can often be answered on the basis of prior knowledge and little understanding of 

what the text is actually about (Rayner et al. 1989: 318). Also, simply testing readers for 

details, such as names or specific dates, does not seem to be a proper way of measuring what 

denotes comprehension. Similarly, there are many variables that may influence eye 

movements and there may be great variability between skilled readers, and therefore eye 

movements cannot be used as a definitive diagnostic tool either. But, eye movement patterns 

can “offer complementary information to supplement widely normed and standardised 

comprehension assessments...” (Rayner et al. 2006: 253). So, in our attempt at measuring 

comprehension we need to take a multi-methodological approach. This is why we have 

chosen to combine eye-tracking and questionnaires to assess whether an easification of 

various syntactic complexities in English medical texts will facilitate processing and improve 

reader comprehension. In this chapter, we will describe the methods used to test the 

hypothesis stated in the introduction. For convenience the hypothesis is stated again here: 

English medical texts with a high degree of specialisation are more easily read and 

understood by medical experts in a text-optimised version than in their original, conventional 

form. 

We will test the hypothesis by means of a quantitative method based on eye-tracking and a 

qualitative method using data from questionnaires, followed by an analysis of the data from 

the eye-tracking and the answers from the questionnaires. We expect that this multi-

methodological approach will result in converging data demonstrating if adequate 

comprehension has taken place after reading the optimised texts. 

Our motivation for taking a qualitative approach is that little is known about how text 

optimisation of specialised medical texts affects processing and comprehension. Also, the 

effect of complex syntactic structures on comprehension is a complex issue which we want to 

explore and go into depth with, not just measure. At the same time, we will quantify the 
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participants‟ answers in the questionnaires in order to make the answers countable and to 

make a comparison between the participants‟ eye movements and their answers. We have 

chosen both a quantitative and a qualitative approach in our subsequent analysis as we expect 

the data from each method to converge. Our strategy with the eye-tracking experiment is to 

examine measures, such as reading time and the number of regressions, to provide a 

consistent picture of what happens as the participants read the texts. Again, we expect to 

achieve some kind of correlation between the participants‟ answers in the questionnaires and 

the eye movement data. 

Several studies have demonstrated the advantage of using eye movement recording when 

examining the influence of lexical and sentence-level variables on comprehension (see e.g. 

Rayner et al. 2006). Eye movements can provide us with extensive amounts of data enabling 

us to determine when and where a reader experiences processing difficulties and how he or 

she deals with these difficulties. In order to use eye movement patterns as an indication of 

processing difficulty, it is necessary to use a combination of two or more techniques (cf. 

Frenck-Mestre 2005: 194), which is why we have chosen to include questionnaires as part of 

our method. As stated by Afflerbach and Cho, the quantitative nature of eye movement 

measurement “limits the ability to address the qualitative questions of „how‟ and „why‟ 

processing and comprehension occur. Eye movement data are a potentially rich means of 

triangulating other reading process data.” (Afflerbach et al. 2009: 75). So, by combining eye-

tracking and questionnaires we expect to provide evidence of where and for how long readers‟ 

eyes fixate, whether they make any regressions and how their eye movement behaviour 

corresponds to their self-reporting answers in the questionnaires. 

In our eye-tracking experiment it is imperative that all factors are controlled in order to be 

able to draw useful conclusions from the data. In advance, specific areas in the four texts are 

identified as AOIs in which the syntactic structure is experimentally altered in two of them. 

By controlling some text variables, we get an idea whether each of the variables have some 

effect. The controlled setting is particularly relevant for this study as there are many factors, 

both „low-level‟ and „high-level‟ factors, which can influence eye movement behaviour as 

described in the theoretical chapter 2.2.4 Factors Influencing Eye Movements. 
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3.1 Research Methods 

In this section, we will describe our method of approach to investigate readers‟ processing 

and comprehension of two English medical texts. This involves considering what type of 

medical texts will be suitable for the eye-tracking experiment, choosing the appropriate 

participants, drawing up questionnaires and setting up the experiment, and we will round off 

the chapter by discussing some methodological issues. 

 

3.1.1 Texts 

For the eye-tracking experiment, we selected two medical texts which we expected would be 

of general interest to researchers, doctors and medical students. We found the texts on 

PubMed
8
 which is a database provided by the US National Center for Biotechnology 

Information comprising more than 19 million citations for biomedical articles from e.g. life 

science journals. 

The reason for choosing the PubMed database in search for the texts is that it is often referred 

to by universities and hospitals. For instance, the Faculty of Pharmaceutical Sciences in 

Copenhagen offers courses to students on how to search in the PubMed database, and Aalborg 

Hospital has a 46-pages long introduction to PubMed 
9
. 

The first text we chose for our experiment was a journal article about the newly discovered 

influenza A virus. The article reviews a comparison between the North American swine 

H1N1/N2 influenza virus, which was discovered in 2000, and the new influenza A/H1N1 

virus (see appendix 1). In order to access the full text, we visited the online publisher site 

BioMed Central
10

 via the PubMed database. BioMed Central is a publisher that offers 

publications within the areas of science, technology and medicine. All journal articles are peer 

reviewed and permanently accessible online upon publication. BioMed Central comprises a 

number of specialist journals categorised by topic and the text we chose to examine can be 

                                                           
8
 http://www.ncbi.nlm.nih.gov/pubmed/ 

9
 See http://www.aalborgsygehus.rn.dk/NR/rdonlyres/7280879A-3EE0-4D49-8945-

713B228EA25F/0/PubMed2006manusForside.pdf 

10
 http://www.biomedcentral.com/ 

http://www.ncbi.nlm.nih.gov/guide/
http://www.ncbi.nlm.nih.gov/guide/
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found under the topic BMC Structural Biology
11

. The second text evaluates a new 

microsensor which is to be used for glucose reading in patients with diabetes 1 and 2 by 

means of in vitro and in vivo studies in pigs and humans (see appendix 2). To access the full 

text, we visited the Journal of Diabetes which is an e-journal published by the Diabetes 

Technology Society
12

. Both texts contain many of the typical LSP features that characterise 

the majority of English technical texts. 

The level of complexity in the text about influenza A is somewhat high as it deals with 

influenza A virus primarily at the molecular level, which can be said to be a specialised 

subject within medical science. We expect that the other text, which is about a new 

microsensor used for measuring glucose in patients with diabetes, will have a lower level of 

difficulty since the topic will be fairly familiar to doctors and medical students. The difficulty 

level of the two texts was determined by subjective ratings in order to capture a broader sense 

of difficulty. This was done through the participants‟ answers in the questionnaires. The 

participants rated the texts on a difficulty scale that ranged from 1 to 10, with 1 being the 

easiest and 10 being most difficult. Defining text difficulty is not our primary concern 

because we want to compare the same two texts, one of which had been syntactically altered. 

Moreover, focus of our study is to investigate whether or not such an alteration - or rather 

such an easification - of the complex syntactic structures has an effect on processing and 

reader comprehension. 

The two articles, which we found in the PubMed database, needed to be shortened so that they 

could be used in the eye-tracking experiment. Our goal was to end up with two texts of 

maximum 600 words each as we expected that longer texts would be too much information 

for the participants to take in. In addition, we anticipated that it would be tiring for the eyes to 

read on a computer screen for a long period of time. With this in mind, we selected sentences 

and passages from the various sections in the texts to create a summary of them. We included 

the headline and passages from various sections such as Introduction, Methods, Results, 

Discussion and Conclusion in order to maintain a cohesive text. Each summary was rewritten 

into an alternative version on the basis of the linguistic characteristics of LSP given in the 

                                                           
11

 http://www.biomedcentral.com/bmcstructbiol 

12
 http://www.journalofdst.org/ 
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theoretical chapter (2.1.3 Characteristics of LSP based on Four Syntactic Structures). Table 2 

provides an overview of the texts and their origin. 

 

Text Text Topic Sender Genre 

A The new pandemic A/H1N1 influenza virus BioMed Central Journal article 

B Optimised version of Text A BioMed Central Journal article 

C Evaluation of a new microsensor for continuous glucose 

reading in patients with diabetes type 1 and 2 

Journal of Diabetes Journal article 

D Optimised version of Text C Journal of Diabetes Journal article 

Table 2: Overview of the texts used for the experiment and their origin. 

Text A consisted of 528 words and the corresponding optimised version, text B, of 539 words. 

Text C consisted of 580 words and text D of 600 words. The optimisation process is described 

in 3.1.6 Text Optimisation Process and in appendix 14. 

 

3.1.2 Participants 

The experimental data were collected from eight experts, who were either employed within 

the area of medicine or medical students in their final years of studying, which meant that the 

participants‟ educational background corresponded to the intended target group of the two 

texts. We included medical students in their 10th, 11th or 12th semester and doctors, who 

graduated within the last two years, as we wanted the participants to have broad knowledge of 

various medical topics and not to be specialised within a certain area of medicine. In order to 

avoid gender bias of the final results, we included five female and three male participants in 

the experiment. 

The participants all had Danish as their mother tongue and were familiar with medical 

terminology and procedures. We came in contact with the participants by sending out emails 

to students from the Faculty of Health Sciences who were two years or less from obtaining 

their degree in Medicine. This was done through two friends of ours who study medicine at 
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the Faculty of Health Sciences. They also put up notices of our eye-tracking experiment at the 

faculty and made aware of at the experiment on the faculty‟s intranet. 

 

3.1.3 Questionnaires 

We drew up three different questionnaires for the experiment; one regarding the participants‟ 

background, one regarding the content and difficulty level of text A and B and one on the 

content and difficulty level of text C and D. The questionnaire concerning the participants‟ 

background consisted of questions on their age, eye colour, educational background, English 

skills, etc. The questionnaire can be seen in appendix 7. The intention with the background 

variables was to elicit general information about the participants, and we did not expect any 

significant variation, since we aimed at a homogenous group of participants. Seeing that 

contact lenses and glasses may distort the eye movement data (cf. Duchowski 2003: 107), we 

included questions on contact lenses and glasses as well. 

After each reading, the participants received a questionnaire with questions on the text they 

have just read. The questionnaire for the original and the optimised version were identical. 

However, the questionnaires for texts A/B and C/D respectively were not identical because 

they needed to be matched according to the content of their related texts. The questionnaires 

were designed primarily to determine the participants‟ comprehension of the texts, but also to 

provide an opportunity for them to give general comments on the content. 

The questionnaire regarding the content of the texts focused on the participants‟ 

comprehension. The questionnaire on texts A and B comprised seven questions on the content 

of the text and five questions on the general perception of the level of difficulty (see appendix 

8). The questionnaire concerning texts C and D comprised 13 questions on the content and 

five general questions (see appendix 9). All of the questions regarding the content were based 

on the AOIs, i.e. the questions were formulated in such a way that we expected the 

participants‟ answers to include some or all of the information present in the AOIs. 
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3.1.4 Eye-tracking 

Eye-tracking is a process where readers‟ gaze behaviour is recorded with an eye-tracker that 

registers the eye movements on a computer screen. A beam of invisible infrared light shines 

on the eyes and is reflected back from the cornea or retina to a sensing device (Rayner et al. 

1989: 23). We move our eyes, i.e. a particular portion of the visual field of view, to see 

whatever is at the central direction of gaze and thus we may presume that if we can track 

someone‟s eyes we will be able to follow the reader‟s processing and reading behaviour 

(Duchowski 2007: 3). There are many examples of the measuring of eye movements during 

reading which provide valuable information regarding comprehension processes. Eye 

movement research helps to identify when and where readers regulate their information 

processing and when they regress in a text to reread (Afflerbach et al. 2009: 75). So, to 

investigate the comprehension of our four specialised medical texts we chose eye-tracking as 

our means of detection. 

Two of the four medical texts used in the experiment had been altered - or text optimised - 

and eye movement data provided information about whether a given altered variable, i.e. an 

AOI, in the reading record had an effect. Reading process data from all participants were 

collected and analysed in order to make a comparison between the participants‟ gaze 

behaviour in the AOIs in the original and the optimised texts. Each of the participants read an 

original text and a different text, which had been optimised. This was done on the 

presumption that it would most likely lead to misleading eye movement data if the 

participants read the same text in an original and in an optimised version. We assumed that 

the AOIs, which we had previously identified as areas that might be difficult to process, 

would lead to longer or more fixations and a higher number of regressions (cf. Duchowski 

2003: 140). We hoped that this would be evident from the gaze replays of the reading 

processes. 

Since virtually all eye-tracking information is extracted during the fixations (cf. Rayner et al. 

1989: 123), the information we proposed to make use of for this detection was information 

about the succession and duration of fixations as well as the number of regressions. 
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3.1.5 Experimental setup and design 

Each text was presented to the participants on a Tobii 1750
13

 remote eye-tracker screen. The 

texts were displayed in 20 point Tahoma font (the headline in 22 point) and double-spacing 

on a 17” LCD screen at 1280 x 1024 pixels in a maximised Translog
14

 source text window. 

Texts A and B were divided into four scenes (see appendices 10 and 11) and texts C and D 

into five scenes (see appendices 12 and 13), so that they would fit into the Translog window. 

This was done by adding unit markers in Translog Supervisor
15

. In ClearView
16

, we defined 

the AOIs in each scene of the four texts and defined one large AOI covering each scene (see 

appendix 16). As mentioned in the theoretical chapter 2.2.4.1 Position of Fixations, the end of 

a sentence is a poor area of analysis, so we had to make sure that the AOIs were not placed at 

the end of a sentence. Unfortunately, this was not possible in text A in the first scene as the 

last sentence contains a large AOI, prime international public health concern (see text A, 

appendix 10), and in the corresponding AOI in text B, prime international concern to the 

public health (see text B, appendix 11), and in order for the sentences to suit the content it 

was not desirable to move them to the next scene. Similarly, in texts C and D in scene three, 

the final paragraph consists of three sentences, of which two are AOIs, which meant that one 

sentence expands over two lines (see appendices 12 and 13). We maintained the AOIs as we 

assumed that since the AOIs covered whole sentences, the position of them would not distort 

the final results. The first one or two words in a sentence are skipped more often than other 

regions of the text, which meant that we had to make sure that the AOIs were not placed at the 

beginning of a sentence either (see 2.2.4.1 Position of Fixations). In addition to this, our aim 

was to have only one AOI in each sentence. This was done on the presumption that it would 

probably complicate our subsequent analysis if we had two or more AOIs in one sentence 

seeing that it could be difficult to analyse which one of the AOIs had the decisive effect on 

                                                           
13

 See http://www.tobii.com/ 

14
 Translog is a software program for analysing text production process. It was originally designed for translation 

process research, but can be used for a variety of personal learning, teaching, and research purposes 

(www.translog.dk). For our eye-tracking experiment we used Translog 2006 edition. 

15
 Translog has two interdependent components, a Supervisor and a User component. The User component 

requires files created in the Supervisor component to run, and some of the main functions of Supervisor 

component can only be performed on log files created by the User component (http://cogs.nbu.bg/eye-to-

it/del/EYE-TO-IT_D3.1.pdf). 

 
16

 ClearView by Tobii Technology is a software for collecting and analyzing eye gaze data 

(http://www.bunnyfoot.com/services/Product_description_ClearView_2_7.pdf) 
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the readers‟ eye movements. We succeeded in doing so in almost all of the sentences except 

in two instances. One is found in scene three in text C, in which we see a premodified 

structure and three reduced relative clauses in the original version (see appendix 12), and 

correspondingly a postmodified structure and a finite relative form in text D (see appendix 

13). The other is found in scene one in text C which contains both a nominalised structure and 

a non-finite relative form (see appendix 12), and in the corresponding optimised version, text 

D, which contains a non-finite verb form and a finite relative form (see appendix 13). As 

these two AOIs are placed far apart, we do not expect that the gaze behaviour in the first AOI 

will impact the second AOI. 

As Translog Supervisor does not have many options regarding text formatting, any additional 

formatting, such as forced line breaks and paragraphs, was done in Microsoft Office Word 

2007. The texts were not displayed in the same way in Microsoft Office Word, Translog User 

and Translog Supervisor, respectively, which meant that we had to shift back and forth 

between the three applications. In practise this meant that we formatted the texts in Word, 

then we inserted them in Supervisor and added unit markers, and finally we viewed the texts 

in Translog User. If we noticed that the AOIs were positioned at the end or at the beginning of 

a sentence, we changed the particular passage and repeated the process. 

Subsequent to drawing up the questionnaires, creating alternative versions of the texts and 

making them suitable for eye-tracking, we were ready for the actual experiment. To begin 

with, the participants were informed about the procedure of the experiment. They were asked 

to read the two texts in such a way that they would be able to answer questions on them 

afterwards. The participants were allowed to read the texts only once, but they could read 

them as slowly or as quickly as they preferred. Rereading a passage or a sentence was 

permitted, but not an entire pass through each scene. Following the brief instruction, the eye-

tracker was calibrated for the participants‟ eyes. After each text, the participants were asked to 

answer a questionnaire with various questions regarding the actual content of the text to 

determine their understanding of it. The experiment was recorded with ClearView, and the 

average distance between monitor and participants was 55 cm and no head support, chin rest 

or bite was used. The advantage of this setup is that the experimental situation is quite similar 

to a normal reading situation. In Filter Settings in ClearView, the fixation radius was set to 40 

pixels and the minimum fixation duration was set to 100 msec. Since the participants read two 
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texts, each followed by a questionnaire, we made two recordings in ClearView; one for each 

text. The texts were displayed in a maximised Translog source text window and the 

participants pressed „F1‟ on the keyboard when they wanted to go to the next scene. As our 

final conclusions will depend heavily on the experimental setup and design, it was important 

that the experiment took place in a controlled setting. In addition, it was of high importance to 

us that the participants were not aware of the purpose of the experiment, both in relation to the 

eye-tracking experiment and the questionnaires. It helped us to ensure that the data was as 

valid as possible. 

We divided the participants into two groups merely to provide us with an overview of the 

experiment and to make a subsequent comparison between the participants easier. Group 1 

consisted of three female participants and one male, and group 2 consisted of two female and 

two male participants. To begin with, a participant from group 1 read text A (A/H1N1 

influenza virus). Afterwards, the participant answered questions on the text (Question 1). 

Then, the participant read text D, which is an optimised version of text C (evaluation of a new 

microsensor) and then the participant answered questions regarding the text (Question 2). For 

the next participant in group 1, the sequence of the double trials with the original version first 

and the optimised version second was reversed. 

From group 2, a participant read text C, and then he or she answered questions on the content 

of the text (Question 2). Next, the participant from group 2 read text B (an optimised version 

of text A) and answered questions on the text (Question 1). Again, the sequence of the trials 

with the original version first and the optimised version second was reversed for the next 

participant in group 2. For an overview of the experiment, see Table 3 below. 
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Group Participant Trial 1 

Read: 

Trial 2 

Answer: 

Trial 3 

Read: 

Trial 4 

Answer: 

 

1 P 1 Text A Question 1 Text D Question 2 Alternating sequence of double 

trials with original version first / 

optimised second and optimised 

first / original second. 
1 P 2 Text D Question 2 Text A Question 1 

2 P 3 Text C Question 2 Text B Question 1 Alternating sequence of double 

trials with original version first / 

optimised second and optimised 

first / original second. 
2 P 4 Text B Question 1 Text C Question 2 

1 P 5 Text A Question 1 Text D Question 2 Alternating sequence of double 

trials with original version first / 

optimised second and optimised 

first / original second. 
1 P 6 Text D Question 2 Text A Question 1 

2 P 7 Text C Question 2 Text B Question 1 Alternating sequence of double 

trials with original version first / 

optimised second and optimised 

first / original second. 
2 P 8 Text B Question 1 Text C Question 2 

 

Text A (= article from BioMed Central on the new A/H1N1 influenza virus) - Q 1. 

Text B (= optimised version of Text A) - Q 1. 

Text C (= article from Journal of Diabetes on evaluation of a new glucose reader) - Q 2. 

Text D (= optimised version of Text C) - Q 2. 

Group 1 deals with Text A and D. Group 2 deals with Text B and C. 

Table 3: Overview of the experimental sequence. 

The alternating sequence of double trials meant that the participants had little chance of 

predicting the purpose of our experiment. This unpredictability was planned intentionally 

because we wanted to make sure that the participants did not all read e.g. the original text 

first, which might have skewed the results. 

 

3.1.6 Text Optimisation Process 

As the two texts were authentic and did not have the same content, the optimisation process 

differed according to the types of syntactic complexities occurring in the text. Thus, we 

defined nine AOIs in the text about influenza A and sixteen AOIs in the text about a 

microsensor for glucose reading. Generally, we aimed at making the texts more fluent by e.g. 

replacing some of the instances of nominalisation with verb forms. Moreover, we split up 

some instances of premodification e.g. by means of postmodification. This was done to avoid 
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probable ambiguities and to reduce the processing effort required to remember a large chunk 

of information before reaching the premodified head. In addition, we changed many of the 

passive constructions into active constructions to make the texts less formal and to explicitate 

the agent. Even though, in LSP texts, the agent is often omitted because focus is on the action, 

we chose to include the agent in some areas, since it was clear from the context who the agent 

of the sentences was. Both texts describe analyses and experiments conducted by the senders, 

which is why it was often possible to explicitate the agent. Furthermore, we altered the 

majority of the reduced relative clauses as they make the sentences, in which they appear, 

very compact. They also contribute to the sentences being very information dense seeing that 

they, in the texts used in our experiment, often occur in long sentences with several clauses. 

Similarly, a reduced relative clause with an implicit subject can be rather vague in meaning as 

it may be difficult to locate the subject to which the clause refers. In one instance, we 

substituted the term propensity with the verb group tend to simply because we wanted to 

replace the noun with a verb form and since there is no verb such as *propensitise, we chose 

the verb tend to with the similar meaning. Accordingly, we changed propensity with tendency 

simply to maintain the same wording. Nonetheless, we did not focus on the terminology in the 

two texts, since our overall objective in the optimisation process was to simplify the complex 

syntactic structures. 

The six premodified structures were changed into postmodified structures. In two of them, we 

changed the adjectives into adverbials and made them part of finite relative clauses. In the 

other two premodified structures, we changed the adjectives into -ed participle clauses. In the 

final two, we changed some of the premodified elements into preposition groups. The three 

nominalised structures were changed into two non-finite verb forms and one verb group, 

respectively, and the two nominalised-like structures were changed into an adverb and a 

prepositional verb, respectively. Of the six reduced relative clauses, the three non-finite 

relative forms were changed into finite relative forms. The final three were altered by means 

of a full stop, a genitive construction and an active construction, respectively. Finally, we 

changed the four passive constructions into active constructions. Appendix 14 comprises a 

detailed description of the text optimisation process for each of the four texts. Text A, B, C 

and D in their full length, i.e. the summaries, can be seen in appendices 3, 4, 5 and 6. 
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3.1.7 Methodology Critique 

In experiments with a remote eye-tracker without the use of a head or chin rest there is a risk 

of losing data or of obtaining data of poor quality. However, since this experiment involved 

continuous reading of texts with several hundred measurements for each text, we estimated 

that the possible inaccuracies would have no negative effect on total averages (cf. Göpferich 

et al. 2008: 105). We believe that an experiment like ours, which is set in a more „naturalistic 

environment‟ similar to everyday work life, provides valid results which compensates for the 

possible risks of obtaining data of poor quality. Fixations will sometimes land outside of an 

AOI, though the reader is actually reading the particular AOI. This can find expression in the 

fixations continuously landing just above or just below the line – a phenomenon termed 

drifting. Drift is the gradual decrease in accuracy of the eye-tracking data compared to the 

true eye position. Drift can be caused by different factors, such as variations in eye 

physiology (e.g. degree of wetness, tears) and variations in the environment (e.g. sunlight 

variations)
17

. Drift can have an effect on the calibration causing inaccuracy in the eye 

tracking, and this can be relieved by recalibrating frequently. 

 

 

 

 

 

 

 

 

 

 

 

                                                           
17

 http://www.tobii.com/oem_technology/eye_tracking/our_technology.aspx 
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4 Analysis 

The purpose of this chapter is to gain insight into the participants‟ ability to process texts 

containing syntactically complex structures. From the experimental recordings we get a 

substantial amount of raw eye movement data, and it can be difficult to make sense of the 

numerical data. So, in order to make any quantitative and qualitative inferences about the 

participants‟ eye movement behaviour, a further analysis is needed. The analysis will centre 

on the duration of fixations as well as the number of regressions, and a comparison of the 

original versions and the optimised versions will determine significance (or insignificance) of 

the text optimisation. Our aim is to compare this quantitative data with the qualitative data 

obtained from the participants‟ answers in the questionnaires and test if the answers support 

the eye movement behaviour. However, after having assessed the questionnaires, we 

discovered that the participants‟ answers did not provide us with adequate data for our 

analysis. This will be discussed in 4.1 Data Validity below.  

We will begin this chapter by assessing the validity and reliability of the methods applied and 

data collected. Then, we provide a brief description of the data collection and preparation 

followed by an analysis of the participants‟ gaze behaviour, which encompasses analyses of 

the four syntactic structures, i.e. premodification, nominalisation, reduces relative clauses and 

passive constructions. Next, we study the total reading times for the four medical texts and 

round off the chapter by summing up the effects of the text optimisation. 

 

4.1 Data Validity 

The first of our research questions concerned in which way the optimised versions of the texts 

had an effect on the participants‟ reading behaviour. We examined if the participants read 

faster and made fewer regressions and fixations in the AOIs. This was done by means of eye-

tracking experiments from which the participants‟ gaze behaviour was recorded. From the eye 

movement record it was possible to study the participants‟ reading times, regression patterns 

and fixation durations, which enabled us to examine the effect of the optimised versions on 

the participants‟ reading behaviour. 

The second of our research questions related to whether the participants‟ eye movement 

behaviour together with their answers in the questionnaires reflected a difference in 
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comprehension between the original and the optimised texts. We expected to achieve some 

kind of correlation between the participants‟ answers in the questionnaires and the eye 

movement data. Yet, the participants‟ answers did not provide significant statistical data as 

there was too much variance among the answers, which meant that a statistical analysis was 

complicated. In what follows, we will elaborate on this variance. 

With the purpose of examining the participants‟ understanding of the texts, we rated their 

answers by assessing and comparing them. As we sought to obtain numerical data in order to 

compare the participants‟ answers with their eye movement data, we quantified the answers. 

This quantification was based on a six-point rating scale, ranging from 0 to 6, with 0 being 

not applicable for no answer and 6 being excellent for a high standard answer (see table 4 

below). 

SCALE 

0 Not applicable 

1 Poor 

2 Fair 

3 Good 

4 Very good 

5 Excellent 

Table 4: Six-point rating scale. 

The questions regarding the content of the texts were based on the information in the AOIs 

and thus the quantification process concerned determining to which extent the participants‟ 

answers reflected this information. Table 5 below shows an overview of the quantified 

answers for each question. 
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CONTENT Text A Text B Text C Text D 

Participant 01 02 05 06 03 04 07 08 03 04 07 08 01 02 05 06 

Question 1 3 0 2 5 1 2 4 4 5 5 5 5 5 5 5 5 

Question 2 3 3 4 3 0 3 3 4 0 2 1 3 1 2 3 1 

Question 3 4 0 3 4 3 2 4 5 0 0 1 5 0 1 5 0 

Question 4 3 0 2 3 0 1 3 2 3 5 5 3 3 3 3 3 

Question 5 2 0 3 4 0 1 4 1 2 4 5 3 3 2 2 3 

Question 6 3 0 3 4 0 4 3 3 3 3 2 2 5 0 0 3 

Question 7 3 0 0 0 0 5 0 0 1 3 2 2 5 0 0 3 

Question 8                 4 0 4 4 4 4 2 0 

Question 9                 0 5 5 2 5 1 0 5 

Question 10                 4 0 4 5 3 4 0 2 

Question 11                 4 0 1 3 4 0 4 1 

Question 12                 0 0 3 0 2 0 0 0 

Question 13                 2 4 3 3 3 4 4 3 

 SUM 22 05 17 23 04 18 21 19 31 35 41 40 43 26 28 29 

Total score 67 62 147 126 

Table 5: Quantification of the participants‟ answers. 

As can be seen from the table, the participants who read text A actually had a higher score 

(67) than those who read text B (62). Similarly, the participants who read text C scored higher 

(147) than those who read text D (126). These scores go against our initial presumption that 

comprehension would be facilitated in the optimised versions of the texts. Yet, several factors 

may contribute to these conflicting results, such as individual differences, which complicated 

the assessment of the questionnaires as it was not clear whether the answers were an 

expression of the participants‟ comprehension of the texts, their recollection abilities or their 

previous knowledge of the topic of the texts. Such individual differences may have skewed 

the results. For instance, one participant (participant no. 02) who read text A and D scored a 

total of 31 whereas another participant (participant no. 01) who read the same two texts 

scored 65. In the same manner, one participant who read text B and C scored 35 (participant 

no. 03) while another participant who read the same texts scored 62 (participant no. 07). This 

means that there was too much variance among the participants‟ answers and thus the answers 

from the questionnaires did not converge with the eye movement data to the extent we 

anticipated. Moreover, the participants answered in broad terms, and their answers did not 

reflect the information in the AOIs to the extent we expected, which also complicated the 

analysis (see appendix 17). Adding to this, the number of participants made it difficult to 

obtain significant statistical results. However, as it was very difficult and time consuming to 
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get participants to take part in the eye-tracking experiment, we chose to study the eight 

participants in depth. 

As the participants‟ answers cannot support the results from the eye-tracking and vice versa, 

the questionnaires did not provide us with the expected double focus. So, the following 

analysis (4.3 Gaze Behaviour Analysis) will concentrate on the participants‟ eye movement 

data. 

 

4.2 Data Reliability 

The measurements obtained from the eye-tracking experiments proved to be consistent and 

stable as a result of the controlled experimental setting. Perhaps the results from the eye-

tracking experiments could have been additional supported if data from a higher number of 

participants were collected and assessed. Yet, we expect that the eye movement data from the 

eight participants are suitable for the present study. The effect of the perceptual span, the eye-

mind span, parallel processing, the spill-over effect (cf. 2.2.2 Basic Characteristics of Eye 

Movements) and drift (cf. 3.1.7 Methodology Critique) does not appear to be strong enough to 

skew our observations of gaze behaviour in the AOIs. The reliability of the data is supported 

as the participants were all professionals working within the area of medicine or medical 

students in their final years of studying and comparable as regards their educational 

background and qualifications. 

We examined the quality of the data with the Gaze Replay function in ClearView in which we 

checked for rapid vertical eye movements in the participants‟ gaze behaviour. These rapid 

movements do not reflect actual eye movements but rather they are an expression of 

recordings of poor quality. Fortunately, none of the recordings showed any traces of this 

issue. 

We did random samples of fixations within the various AOIs in ClearView to test the 

reliability of its fixation data. This was done manually by assessing their positions and 

whether or not the fixations landing in an AOI did actually belong to the AOI, i.e. if the 

participant was actually reading the information of the AOI in question. After having 

determined which fixations that belonged to a particular AOI, we added up the fixation 

durations to get the total reading time for each AOI. Next, we compared the automatically 
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generated reading times with the manually collected reading times by subtracting the first 

mentioned reading times from the latter and defined the differences as absolute values. Then, 

we were able to calculate the percentage deviation. Table 6 below shows the standard 

deviation for text C for two participants. 

Standard deviation 

for text C 

% dev. % dev. 

Participant 03 07 

Scene 1 AOI 1 21.8 0.0 

Scene 1 AOI 2 0.0 0.0 

Scene 1 AOI 3 1.5 0.0 

Scene 1 AOI 4 0.0 0.0 

Scene 2 AOI 1 6.8 1.4 

Scene 2 AOI 2 5.6 3.0 

Scene 2 AOI 3 4.6 0.7 

Scene 2 AOI 4 5.8 10.3 

Scene 3 AOI 1 17.9 0.0 

Scene 3 AOI 2 17.9 13.5 

Scene 3 AOI 3 9.2 7.7 

Scene 3 AOI 4 0.0 0.0 

Scene 3 AOI 5 0.0 0.0 

Scene 4 AOI 1 0.0 25.2 

Scene 4 AOI 2 0.0 0.6 

Scene 5 AOI 1 0.0 15.2 

Average 5.7 4.9 

Standard deviation 8.0 7.5 
 

Table 6: Standard deviation for participants 03 and 07. 

The percentage deviation ranges from 0.0 per cent to 25.2 per cent which may seem as a large 

span. However, the standard deviation of 8.0 per cent and 7.5 per cent, respectively, shows 

that the values do not significantly deviate from the average. At the same time, there are few 

instances in which the standard deviation is rather significant as seen in table 7 below, which 

shows the standard deviation for text B for one participant. 
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Standard deviation 

for text B 

ClearView Manual Difference 

(ClearView 

÷ manual) 

Absolute % dev. 

Participant 07 07 07 07 07 

Scene 1 AOI 1 1575.0 1575.0 0.0 0.0 0.0 

Scene 1 AOI 2 758.0 758.0 0.0 0.0 0.0 

Scene 1 AOI 3 2074.0 2273.0 -199.0 199.0 9.6 

Scene 2 AOI 1 359.0 259.0 100.0 100.0 27.9 

Scene 2 AOI 2 3445.0 3445.0 0.0 0.0 0.0 

Scene 3 AOI 1 239.0 239.0 0.0 0.0 0.0 

Scene 4 AOI 1 9929.0 8753.0 1176.0 1176.0 11.8 

Scene 4 AOI 2 260.0 260.0 0.0 0.0 0.0 

Scene 4 AOI 3 159.0 338.0 -179.0 179.0 112.6 

Average         18.0 

Standard deviation         36.7 
 

Table 7: Standard deviation for participant 07. 

A standard deviation of 36.7 per cent can be said to be a fairly large standard deviation, but 

many factors come into play which adds to this large standard deviation. Firstly, if we 

consider scene 2, AOI 1, there is a deviation of 27.9 per cent, however, the difference is 

merely 100 msec which constitute one fixation resulting from the participant moving his eyes 

across the AOI when the text appeared on the screen. This indicates that it was not a matter of 

comprehension processing, but rather oculomotor activity as the participant navigates his/her 

eyes toward the intended target word. Secondly, if we look at scene 4, AOI 1, the deviation of 

11.8 per cent consists of five additional fixations in the time interval that occurs after the 

participant finished reading, and we stopped the logging process in Translog. So, this was not 

a matter of comprehension processing either. Finally, in scene 4, AOI 3, we see a percentage 

deviation of 112.6 per cent constituting a difference of one fixation of 179 msec, which falls 

outside of the AOI. Our manual analysis suggests that the participant actually made two 

fixations in the AOI and not only one as suggested by the automatically generated gaze data. 

If we disregard these three deviations from the calculation, we end up with a standard 

deviation of 3.2 per cent, which we consider to be acceptable. 

The extent to which the differences observed qualify as statistically significant differences 

would require more technical calculation than is relevant for the present purpose. Moreover, 

we do not expect a standard deviation as seen in table 7 to have a significant influence on our 

final results as the random sampling indicates that the figures in table 6 give a fair 

representation of the general standard deviation. This means that the automatically generated 

data from ClearView are applicable for our analysis in relation to total reading times. Still, 



  

63 

 

analyses of first-pass reading times, regressions and individual fixation durations are done 

manually as this is not possible in ClearView. 

 

4.3 Gaze Behaviour Analysis 

An analysis of the participants‟ gaze behaviour will illustrate how the participants react when 

encountering syntactically complex structures. The eye movement record will indicate if a 

participant experiences processing difficulties. In the analysis, we make use of the following 

eye movement measures: fixation counts, number of regressions, reading time per AOI, first-

pass reading time per AOI and total reading times. We assess the effect of the optimisation of 

the premodified structures, the nominalised structures, the nominalised-like structures, the 

reduced relative clauses and the passive constructions. To begin the gaze behaviour analysis, 

we will provide a brief account of the participants‟ perception of the difficulty level in the 

texts and their English skills. 

 

4.3.1 Level of Difficulty 

In the questionnaires, the participants rated the texts on a difficulty scale that ranged from 1 to 

10, with 1 being very easy to understand and 10 being very difficult to understand. In general, 

text A and B were rated from 7 to 10, whereas text C and D were given from 3 to 9 (see table 

8 below). 

Difficulty level 01 02 03 04 05 06 07 08 SUM AVE 

Text A 10 10     8 8     36 9.0 

Text B     9 9     7 7 32 8.2 

Text C     8 9     8 3 28 7.0 

Text D 3 8   8 8     27 6.8 

Table 8: Rating of difficulty level for text A, B, C and D. 

As can be seen from the table, the original text A was rated most difficult by the participants 

with a score of 36 and text D was rated 27. In general, we see that the optimised versions 

were rated to be less difficult than their corresponding original versions; text A of 36 

compared to text B of 32 and text C of 28 compared to text D of 27. As to the five questions 

regarding the participants‟ general perception of the texts, we see no clear pattern in the 

participants‟ comments as to the original versions versus the optimised versions. However, in 
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general, the participants stated that texts A and B contained several abbreviations, numbers 

and technical terms, while the participants noted that texts C and D contained many technical 

terms. The participants‟ indication of difficulty level shows that they find texts A/B to be 

more difficult than texts C/D, which may also influence the total reading times. This will be 

elaborated on in 4.3.9 Total Reading Times. 

 

4.3.2 English Skills 

In the questionnaires, the participants gave a subjective rating of their knowledge of other 

languages besides Danish, and we will focus on their English skills. They rated their 

knowledge of English on a scale that ranged from 1 to 5, with 1 being only a little and 5 being 

very well. Three participants assessed their knowledge of English to be very well (5). Four 

participants rated their knowledge of English to be 4 on the scale and one participant 3. In 

spite of this, only two participants chose to respond in English, whereas four chose to respond 

in Danish, and two answered in both Danish and English. As mentioned in the 1 Introduction, 

medical students and recently graduated doctors are required to read English at academic 

level, and researchers are expected to communicate their results in English. Despite these 

requirements, the medical experts in our experiment have not taken a course in English since 

high school, which is evident from their answers to the question: When did you last take a 

course in English, English grammar, English pragmatics or a similar course? The participants 

gave answers that ranged from 1998 to 2003, i.e. in their high school years. Perhaps the lack 

of updated English courses will cause processing difficulties for the participants when 

encountering syntactic structures that do not appear as frequently in Danish as in English LSP 

texts. These structures include premodified structures and some reduced relative clauses. The 

fact that, for example, the Faculty of Health Sciences at Copenhagen University does not offer 

courses in medical English might be another argument for researchers and scientists to avoid 

producing articles and books in English which contain several complex syntactic structures. 

 

4.3.3 Data Collection and Preparation 

We obtained information about reading times, individual fixation durations and the number of 

regressions from the recordings of the participants‟ gaze behaviour during reading, which 
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were stored in ClearView. We exported eye movement data from ClearView into a Tobii Area 

of Interest Statistics Template, in which it was possible to sort the data according to 

participant, AOI, scene, gaze time, fixation count, etc. From this sorting, we were able to 

achieve statistics on e.g. the total reading times for each AOI. For the purpose of calculating 

averages and sums of reading times and fixation counts, we inserted the data from the Tobii 

spreadsheet into Excel sheets. We used functions, such as Sum, Average and Standard 

Deviation in Excel to compute the figures. 

Since regressions can be important indicators of readers‟ processing difficulties, we looked at 

the number and the locations of regressions. This was done manually by looking at the 

participants‟ gaze behaviour in ClearView‟s Gaze Plot
18

 and Gaze Replay features. To assess 

the participants‟ gaze behaviour in the various AOIs, we examined the locations and the 

number of regressions as well as the reading times for each AOI. This was done by looking at 

Gaze Plot in ClearView, in which it is possible to see the succession of the fixations. In order 

to avoid skewed data from the comparison of two AOIs of different lengths, we calculated the 

reading times and fixation counts per character. This meant that for the participants who read 

the same text, we calculated the average reading times per character and the average fixation 

counts per character for each AOI. So, in the following analyses, reading times, first-pass 

reading times and fixation counts are expressed in milliseconds per character for each 

participant. To give an overall impression of the effects of the alterations, we also include 

fixation counts not calculated per character. We analyse the participants‟ gaze behaviour in 

the complex syntactic structures, which we have defined as AOIs. We have chosen not to 

include two sentences in which we made several alterations of reduced relative clauses, 

premodified structures, nominalised structures and passive constructions. The combination of 

these alterations complicated an analysis in that it was difficult to assess which of the altered 

structures had the decisive effect. For an assessment of these two sentences see appendix 15. 

By comparing reading times, fixation counts and regression patterns for the original versions 

with the optimised versions, we make an assessment of what may have hindered or facilitated 

processing for the participants. 

 

                                                           
18

 Gaze Plot is a ClearView eye gaze analysis tool which displays gaze points, fixations and scan paths 

(http://www.bunnyfoot.com/services/Product_description_ClearView_2_7.pdf) 
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4.3.4 Analysis of Premodification 

In this section, we assess whether the participants‟ gaze behaviour demonstrates that splitting 

up the premodified structures by means of various postmodified structures eases their 

processing effort or not. The premodified structures are described in the order in which they 

appear in the texts. 

 

Prime international public health concern   vs. 

Prime international concern to the public health 

As regards the AOI in text A and B, scene 1, one out of the four participants who read text A 

made 3 regressions. This was also the case in the corresponding AOI in text B. Reading times 

are 49.6 msec for text A and 50.1 msec for text B, which means that reading time for text A is 

0.5 msec lower than text B. This is also evident from the fixation counts which are 27 with a 

median value of 7 for text A and 36 with a median value of 8 for text B. Fixation counts per 

character are 0.16 for the original version and 0.19 for the optimised version, which is a 

difference of 0.03. The reason for these similarities may be that this type of premodified 

structure is fairly simple as it consists of four premodifying elements in front of the head all 

of which are somewhat high frequency words and thereby should be fairly easy to process. In 

addition, this type of premodified structure may also occur in Danish and thus presumably 

easier for L2 readers to read and comprehend. 

 

A biodegradable glucose microsensor   vs. 

A glucose microsensor which is biodegradable 

Turning to text C and D, scene 1, two out of four participants made a total of 3 regressions in 

text C, in which one went from a biodegradable to developing (previous to the AOI) and one 

from microsensor to glucose. Another participant made a regression from can (subsequent to 

the AOI) to microsensor. So, we see regressions going in and out of the AOI and a regression 

within it. In text D, two participants made a total of 3 regressions. One participant made one 

regression from microsensor to developing (previous to the AOI) and one from glucose to 

Precisense A/S (previous to the AOI), and another participant made one regression from 

glucose to developing. This difference in regression patterns suggests that the participants 
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who read the original version may found it difficult to determine whether it is glucose or the 

microsensor that is biodegradable. On the contrary, in the optimised version, the regressions 

go from glucose microsensor to words previous to the AOI and no regressions are seen on the 

relative clause which is biodegradable. This indicates that the relative clause helps define that 

it is the microsensor that is biodegradable. Reading times for the original AOI are 118.7 msec 

and 79.6 msec for the optimised AOI, constituting a difference of 39.1 msec. Considering 

fixation counts, there are 46 with a median value of 9 in text C and 49 with a median value of 

13 in text D. However, fixation counts per character for the original version are 0.32 and 0.27 

for the optimised version, which means that a participant reading the optimised version makes 

0.05 fewer fixations on average. The longer reading time for the AOI in text C than for the 

AOI in text D is related to the participants making several long fixations in the AOI in text C. 

Figure 1 below shows one participant‟s gaze plot for scene 1 in text C. 

 

Figure 1: ClearView gaze plot representation of one participant‟s fixations in scene 1 in text C. 

In the AOI (the circled area), the participant made several fixations of which two were seen 

on microsensor with a gaze duration of 1894 msec, and the reading time for the AOI is 3948 

msec. The AOI can be seen as an example of the participants‟ general gaze behaviour in the 

premodified structure in the original version. The participants who read text C generally made 

long fixations in the AOI, which add to the longer reading time. 
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In the AOI in text D, the participant also made several fixations, and we see a gaze duration of 

1196 msec on biodegradable. Figure 2 below shows one participant‟s gaze plot for scene 1 in 

text D. 

 

Figure 2: ClearView gaze plot representation of one participant‟s fixations in scene 1 in text D. 

The reading time for the AOI for this participant is 3588 msec, which is 360 msec lower than 

the previous example. The shorter reading time, the lower number of fixations and the lower 

individual fixation durations for the AOI in the optimised version indicate that an alteration of 

the premodified structure facilitates processing for the participants. 

 

A fluorophore-labeled human glucose receptor   vs. 

A human glucose receptor labeled with fluorophore 

Looking at the participants‟ gaze behaviour in the AOI in text C and D, scene 2, two 

participants made a total of 4 regressions in the original version, and in the optimised version 

in text D no regressions are seen. This indicates that the introduction of a reduced relative 

clause facilitates processing. Yet, reading times differ only by 1 msec; 120.1 msec (text C), 

119.1 msec (text D), which may be ascribable to both AOIs containing low frequency words 
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requiring somewhat high processing effort. Fixation counts for the AOI in text C are 61 and 

85 for text D, but when looking at the median fixation counts, we see that they are actually 

higher for the AOI in the original version (17) than for the optimised version (16). This can be 

ascribed to an outlier participant making 47 fixations in text D because the participant rereads 

the sentence containing the AOI. If we consider median fixation counts per character, they are 

0.09 for the original version and 0.08 for the optimised version, constituting a difference of 

0.01. Disregarding any rereading, the first-pass reading times for the AOI in text C are 65.6 

msec and 57.0 msec for the optimised version in text D, constituting a difference of 8.6 msec. 

If we look at the specific part of the premodified structure which has been altered, i.e. 

fluorophore-labeled and labeled with fluorophore, this difference in reading times is further 

supported. First-pass reading times for fluorophore-labeled are 108.3 msec and 80.5 msec for 

labeled with fluorophore. Hence, first-pass reading time is 27.8 msec longer for this particular 

structure in text C than text D. The results of these measures suggest that the optimised 

version of the premodified structure, on first reading, is easier to process than the original. 

 

The glucose concentration-dependent degree of binding   vs. 

The degree of binding which is dependent on the glucose concentration 

In the AOI in text C and D, three participants made a total of 11 regressions in the original 

version and in the corresponding AOI in text D, one participant made 4 regressions. Of the 

eleven regressions in the original version, five went from degree to dependent, three from 

concentration to glucose, two from dependent to concentration and one from binding to 

degree (see figure 3). 
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Figure 3: ClearView gaze plot of all participants‟ regression pattern in scene 2 in text C. 

 

The regression pattern suggests that the participants found it difficult to determine the prehead 

dependents and the head. The five regressions from degree to dependent indicate that the 

participants had difficulties determining whether dependent is an adjective describing degree 

or part of the noun group degree of binding. In the optimised version, there are four 

regressions initiating from fixations of 179, 159, 140 and 179 msec, which are below an 

average fixation duration of 200-250 msec. Each of the regressions only went back five to 

eight characters as e.g. from u in glucose to h in the. So, these regressions may be ascribed to 

oculomotor activity and not comprehension processing. Reading times for the original version 

are 93.9 msec and for the optimised version 57.6 msec, which is a difference of 35.7 msec. 

Fixation counts for the original version are 64 (median 17) and 56 (median 11) for the 

optimised version, and this corresponds to 0.30 and 0.20 with a difference of 0.10 fixations 

per character. The participants‟ gaze behaviour indicates that separating dependent from 

degree facilitates their processing. 
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Avalanche photodiode-equipped, time-resolved fluorometer   vs. 

Time-resolved fluorometer equipped with an Avalanche photodiode 

In the AOI in text C and D in scene 3, three participants made a total of 6 regressions in the 

original version of which one occurred in photodiode-equipped, two in (LED)/Avalanche and 

three in time-resolved fluorometer. In the corresponding optimised version, time-resolved 

fluorometer equipped with an Avalanche photodiode, one participant made 1 regression. The 

regression went back five characters from l in Avalanche to n in an. The three regressions 

landing in time-resolved fluorometer in the original version indicate that this part requires 

additional processing for the participants. In general, the participants‟ eye movement 

behaviour in text C suggests that they go back because they need to remember a large chunk 

of information before reaching the head of the premodified structure and by explicitating that 

the fluorometer is equipped with a photodiode, processing is facilitated. This is supported by 

the calculations for reading times, which are 120.1 msec for the original version and 104.2 

msec for the optimised, constituting a difference of 15.9 msec. On the contrary, fixation 

counts for the original version are 56 with a median value of 14 and 77 with a median value 

of 21 for the optimised version, corresponding to fixation counts per character of 0.25 and 

0.30, which is a difference of 0.05. The higher number of fixations in the AOI in text D, 

though shorter reading time, is related to the participants making a greater number of shorter 

fixations in the optimised version. Nonetheless, the lower number of regressions in and the 

shorter reading time for the optimised version suggest that splitting up the premodified 

structure eases the participants‟ processing effort. 

 

Reference venous blood glucose samples were drawn   vs. 

Samples from venous blood glucose were drawn as reference 

Turning to the AOI in scene 4 in text C and D, three participants made a total of 5 regressions 

concentrated on Reference venous blood in the original version. The regression pattern 

implies that the participants found it difficult to determine which nouns the adjective 

Reference modifies and, in general, to determine the prehead dependents and the head. In the 

optimised version, only two participants made a total of 2 regressions which are centred on 

Samples from venous, suggesting that the participants did not experience as much processing 

difficulty with reference as in the original version. Reading times for the AOIs in text C are 
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85.9 msec and 53.1 msec for text D, which is a difference of 32.8 msec. Fixation counts for 

the AOI in text C are 64 with a median value of 14 and 41 for the AOI text D with a median 

value of 10. Looking at fixation counts per character, they were 0.32 in the original version 

and 0.17 in the optimised version, which is a difference of 0.15. These figures further support 

our assumption that splitting up the premodified structure, which included making reference 

object complement, facilitates processing. 

 

4.3.4.1 Summary of Premodification 

To sum up the analysis of the premodified structures, we saw almost no difference in reading 

times between the original premodified structures and the two altered structures, Prime 

international concern to the public health and A human glucose receptor labeled with 

fluorophore. However, considering first-pass reading time for the latter structure we saw that 

reading time was 8.6 msec shorter and for the specific part of the optimised version of the 

premodified structure, i.e. labeled with fluorophore, reading time was 27.8 msec shorter 

indicating that initial processing of the optimised version is facilitated. 

Lower reading times were seen in the other four altered structures, namely A glucose 

microsensor which is biodegradable, The degree of binding which is dependent on the 

glucose concentration, Time-resolved fluorometer equipped with an Avalanche photodiode 

and Samples from venous blood glucose were drawn as reference, constituting differences of 

39.1 msec, 35.7 msec, 15.9 msec and 38.8 msec, respectively. The differences make up a total 

difference of 129.5 msec leading to each participant on average spending 32.4 msec less 

processing an altered structure in the optimised version than a premodified structure in the 

original text. 

In relation to fixation counts, we saw that in three of the six structures in the optimised 

versions fixation counts were lower. In all three instances in which fixation counts for the 

optimised versions were higher, reading times were actually lower, which means that 

although the participants made a higher number of fixations, the fixations were shorter. The 

lower number of fixations in the three optimised versions indicates that the participants found 

it easier to process the split-up premodified structures. Looking at fixation count per 

character, we saw a difference of 0.13, which means that on average each participant makes 
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0.02 less fixations on an altered structure in the optimised version than on a premodified 

structure in the original. 

The number of regressions differed in the two versions seeing that the participants made 32 

regressions in the original versions and 13 in the optimised versions. Obviously, some of the 

short regressions may be due to oculumotor activity, still, the lower number of regressions in 

the optimised versions suggests that the participants do not experience the same level of 

processing difficulties as in the original texts. 

 

4.3.5 Analysis of Nominalisation 

We assess whether altering instances of nominalisation and nominalised-like structures 

facilitates processing for the participants. The three instances of nominalisation have been 

verbalised, whereas the two nominalised-like structures have been changed into an adjective 

and a prepositional verb, respectively. Initially, we wanted to assess three nominalised-like 

structures, but due to poor quality eye movement data for the third one, we decided to 

disregard it. To view this structure, see appendix 14, sentences C23/D23. Here, we examine 

the three occurrences of nominalisation, and then we look into the two nominalised-like 

structures. 

 

For analysis   vs.   to analyse 

Of monitoring   vs.   to monitor 

In relation to the AOI, for analysis, in scene 2 in text A, two participants made a total of 4 

regressions, but no regressions were made in the optimised version, to analyse. Reading times 

are 75.1 msec for the original version and 72.8 msec for the optimised version, which is a 

difference of 2.3 msec. Fixation counts are 15 (median 3) for the original version and 13 

(median 3) for the optimised version, and this corresponds to 0.31 and 0.32 fixations per 

character, constituting a difference of 0.01. Concerning the AOI, of monitoring, in scene 1 in 

text C, two participants made a total of 2 regressions, and in the AOI in text D, to monitor, no 

regressions were made. For the AOIs in text C and D, reading times are 36.4 msec and 31.1 

msec, respectively, constituting a difference of 5.3 msec. Fixation counts for the original 



  

74 

 

version are 9 with a median value of 3 and 6 with a median value of 2 for the optimised 

version, and this corresponds to 0.17 and 0.15 in fixation counts per character, which is a 

difference of 0.02. 

As these structures are fairly short making the AOIs correspondingly small, the differences in 

reading times, the number of fixations and regressions become less obvious. Nonetheless, 

these are two simple examples of nouns transformed into verbs which seem to facilitate the 

participants‟ processing. 

 

Only calling for an initial calibration after insertion of the microsensor element   vs. 

As it only calls for an initial calibration after the microsensor element has been inserted 

Concerning the AOI in scene 3, text C, all four participants made regressions which add up to 

9 regressions. In the AOI in text D, three participants made a total of 5 regressions. In the 

original version, regressions are centred on insertion in that two regressions go from insertion 

to after, one from the to insertion, and one from microsensor to insertion, and the regressions 

go back seven to twelve characters. On the contrary, the regressions in the optimised version 

are not centred on the corresponding structure has been inserted in the same manner. The two 

regressions in this area initiate from er in inserted going back six to seven characters, which 

means that the regressions in the optimised version are fairly shorter than the regressions in 

the original version. Fixation counts for the AOI in text C are 86 (median of 23) and 116 

(median of 26) for text D. Similarly, fixation counts per character are 0.26 for the original 

version and 0.31 for the optimised version, constituting a difference of 0.05. Reading times 

for the AOI in text C are 83.6 msec and 103.9 msec for the AOI in text D, which means that 

the optimised version is 20.3 msec longer. However, if we consider first-pass reading times, 

the optimised version is actually 7.3 msec shorter than the original version in that the original 

version is 63.5 msec and the optimised version is 56.2 msec. This first-pass reading result 

differs from total reading times, because two of the participants who read text D and one 

participant who read text C reread the sentence containing the AOI from the beginning. 

Though we focus our attention on the nominalised structure in this AOI, we also changed the 

non-finite relative form only calling for into the adverbial clause as it only calls for..., and 

thus we cannot rule out that this structure may have an influence on the participants‟ eye 
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movements on the nominalised structure. Yet, nothing in the participants‟ gaze behaviour 

indicates any difficulties in processing either the non-finite relative form or the adverbial 

clause. In sum, on first reading, the participants did not fixate as long and made as many 

regressions in the optimised version as in the original indicating that immediate processing of 

the verbalised structure is facilitated. 

 

4.3.5.1 Analysis of nominalised-like structures 

In this section, we assess whether an optimisation of the two nominalised-like structures eases 

the participants‟ processing effort. 

 

Added to the unpredictability of this virus   vs.   Made this virus unpredictable 

Regarding the nominalised-like structure in the AOI in scene 1, text A, two participants made 

a total of 4 regressions and in the corresponding version in text B, two participants made a 

total of 5 regressions. The regression patterns in the two AOIs, though, are not apparent. 

Reading times are 48.9 msec for the original version and 71.8 for the optimised version, 

which means that reading time for the optimised version is actually 31.1 msec longer than the 

original. Fixation counts are 30 in the AOI in text C (median 5) and 27 for text D (median 7). 

However, fixation counts per character are 0.17 for the original version and 0.23 for the 

optimised version, which means that the participants actually made 0.06 fixations less in the 

original version. In both versions, we see long fixations on unpredictability and 

unpredictable, respectively. For instance, in the original version, one participant makes a 

fixation of 977 msec on unpredictability and in the optimised version, one participant makes a 

fixation of 917 msec on unpredictable. In general, we see no identifiable composition of the 

fixations which could suggest that processing of the nominalised-like structure is more 

challenging than processing of the optimised structure. As the above data indicate, the 

participants‟ gaze behaviour shows no clear pattern, which complicates the interpretation of 

their eye movements. Though we altered the nominalised-like structure in an attempt to 

simplify the sentence structure, the eye movement data indicate that the alterations do not 

have the effect we assumed. 
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Reflect a distinct propensity of these viruses to undergo   vs. 

Reflect that these viruses distinctly tend to undergo 

Regarding the AOI in scene 3, text A, two participants made a total of 5 regressions and in 

text B two participants made a total of 2 regressions. In the AOI in text A, regressions are 

concentrated on reflect a distinct propensity and numerous fixations ranging from 120 msec 

to 1535 msec are seen on propensity. In the AOI in text B, the two regressions go from reflect 

and from these, but no significantly long fixations are seen. Evidently, this ease in processing 

may be seen as a result of the terminological alteration, i.e. the alteration of propensity into 

tend to, but it may also be a result of the simplification of the syntactic structure. If we were 

to test if the terminological alteration of the noun propensity is the decisive factor, one way 

could be to substitute it with tendency. However, due to time constraints for this particular 

study, it was not an option. Reading times for the AOI in text A are 86.4 msec and 56.2 msec 

for the AOI in text B; a difference of 30.2 msec. Fixation counts for the AOI in text A are 62 

with a median value of 16 and 44 for text B with a median value of 11, and this corresponds 

to 0.27 and 0.21 fixations per character, respectively, which is a difference of 0.06. The 

shorter reading time and lower fixation count for the optimised version in text B together with 

the lower number of regressions imply that the nominalised-like structure propensity requires 

increased processing effort and that the alteration of this structure improves readability. 

 

4.3.5.2 Summary of Nominalisation and Nominalised-like structures 

To sum up the analysis of the three nominalised structures, we saw a slight difference in 

reading times between the original versions and the optimised versions. In total, the 

participants spent 12.7 msec more reading the verbalised structures than the nominalised 

structures. This means that on average each participant spends 3.2 msec more processing the 

optimised structures, i.e. to analyse, to monitor and As it only calls for an initial calibration 

after the microsensor element has been inserted. However, for the latter structure, reading 

time was 20.3 msec longer than the original version, which is the reason for the longer 

reading time for all three instances of nominalisation. If we consider first-pass reading time 

for this structure, reading time was actually 7.3 msec shorter than the original. This variation 

in reading times for this structure in text D is due to two participants rereading the entire 

sentence containing the AOI. The result for the first-pass reading times indicates that the 
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verbalised structure required less initial processing. As regards the two verbalisations, to 

analyse and to monitor, total reading time was 7.6 msec shorter than the corresponding 

original versions suggesting that transforming nouns into verbs seems to ease the participants‟ 

processing effort. 

The number of regressions in the three verbalised structures was significantly lower in that no 

regressions were made in the two structures to analyse and to monitor compared to 6 in the 

original versions and 5 regressions were made in the structure ... has been inserted compared 

to 9 in the original version. In general, the participants did not make as many regressions in 

the optimised version as in the original indicating that processing of the verbalised structures 

is facilitated. 

The total median fixation counts were 29 for the original versions and 31 for the optimised 

versions. For the structure to analyse the median fixation counts were 3 in both versions and 

for the structure to monitor median fixation counts were 3 in the original and 2 in the 

optimised version. As these structures are rather short, the differences become less obvious. In 

the structure ...has been inserted, the median fixation counts were 23 in the original and 26 in 

the optimised version. As regards fixation count per character, we see that, on average, each 

participant makes 0.01 more fixations on an altered structure in the optimised version than on 

a nominalised structure in the original version. 

Concerning the nominalised-like structure, reading time for the altered version made this 

virus unpredictable was 31.1 msec longer than the original. The median fixation counts were 

5 in the original version and 7 in the optimised and on average each participant made 0.06 

fewer fixations in the original version. In addition, 4 regressions were made in the original 

version and 5 in the optimised. These results indicate that turning the nominalised-like 

structure, unpredictability, into an adjective, unpredictable, does not facilitate processing as 

we anticipated. On the contrary, reading time for the optimised version, Reflect that these 

viruses distinctly tend to undergo, was 30.2 msec shorter than the original version. The 

median fixation counts were 16 for the original version and 11 for the optimised version, and 

on average each participant makes 0.06 fewer fixations per character in the optimised version. 

Moreover, 5 regressions were made in the original version and 2 in the optimised. As opposed 

to the previous example, we saw a decrease in reading time, fewer fixations and regressions 
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which imply that turning the nominalised-like structure, propensity, into the verb group, tend 

to, in fact eases the participants‟ processing effort. 

 

4.3.6 Analysis of Reduced Relative Clauses 

In this section, we assess whether altering reduced relative clauses facilitates processing for 

the participants. The AOIs containing the non-finite relative forms are all fairly small, which 

sometimes complicate the assessment of the regression pattern in these structures. This 

applies to the first two AOIs, in which the regressions are rather short and may be due to 

oculomotor activity rather than increased processing activity. Consequently, regressions for 

these two AOIs are not the focal point, but instead focus will be on reading times and fixation 

counts. As regards the other three non-finite relative forms, of which one is fairly small, the 

regression pattern is clear. So, for these three AOIs, we include an analysis of the participants‟ 

regressions as well. 

  

Representing   vs.   This represents 

Regarding the AOI in scene 1, text A, two participants made a total of 2 regressions and this 

was also the case in the corresponding version in text B, but no apparent regression pattern 

appears. Reading times are 68.1 msec for the original version and 75.4 msec for the 

optimised, which means that reading time for the optimised version is actually 7.3 msec 

longer than reading time for the original version. The longer reading time may be ascribable 

to one participant making a long fixation of 1117 msec on This, which can be an expression of 

the sentence wrap-up effect (2.2.4.2 Duration of Fixations) rather than difficulty in 

comprehending the word. It seems as if it is a matter of the participant comprehending the 

previous sentence which contains abbreviations (A/H1N1) and figures (70 and 140) and thus 

requiring increased processing. If we disregard this participant, reading time for the optimised 

version is 65.5 msec, which means that the optimised version is 2.6 msec shorter. Fixation 

counts for the AOI in text A are 12 (median of 4) and 13 (median of 4) for text B. However, 

fixation counts per character are 0.25 for the original version and 0.21 for the optimised 

version, which means that the participants made 0.04 fixations per character less in the 
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optimised version. These figures indicate that adding a full stop instead of a non-finite relative 

form does not seem to decrease reading time or reduce processing effort for the participants. 

 

Suggesting   vs.   which suggests 

In the AOI in scene 4, text A, one participant made 1 regression and in the optimised version 

in text B, no participants made regressions. Reading times for the AOI in text A are 68.3 and 

33.5 msec for the AOI in text B, constituting a difference of 34.8 msec, which is twice as 

much for the original version than the optimised. Fixation counts for the AOI in text A are 8 

(median 2) and 10 (median 3) for the AOI in text B. The longer reading time, though lower 

fixation count in the original version, is ascribed to the participants making longer, but fewer 

fixations. However, fixation counts per character are 0.20 for the original version and 0.17 for 

the optimised, which means that fixation count per character for the optimised version is 

actually 0.03 lower than the original. So, reading time and fixation count per character for the 

optimised structure suggest that transforming the reduced relative clause into a relative clause 

introduced by the relative pronoun which decreases reading time and facilitates processing. 

 

Patients affected by   vs.   patients, who are affected by 

In the AOI in text C, one participant made 2 regressions and in the AOI in text D, one 

participant made 1 regression. In the original version, the first regression goes back 22 

characters from a in affected to n in growing (previous to the AOI) and the second is a short 

regression within affected. In the optimised version, the regression goes back four characters 

from the first f in affected to r in are. Reading times for the original version are 30.4 msec and 

28.1 msec for the optimised version, which is a difference of 2.3 msec. Fixation counts for the 

AOI in text C are 12 (median of 3) and 15 (median of 4) for text D. Conversely, fixation 

counts per character are 0.15 for the original version and 0.12 for the optimised version, 

which means that a participant, on average, makes 0.03 fewer fixations in the optimised 

version. We have to take into consideration that the alteration of the nominalised structure 

appearing earlier in the sentence in the optimised version may have had an influence on the 

regression pattern for this structure. However, as the AOIs are placed far apart, it seems as if 

the eye movements for the finite relative form are not affected by the preceding alteration. So, 
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the lower reading time, the lower fixation count per character and the difference in regression 

pattern for the optimised version suggest that altering the non-finite relative form does in fact 

facilitate processing. 

 

The solution provided by PreciSense   vs.   PreciSense’s solution 

In the AOI in text C, three participants made a total of 5 regressions and in the corresponding 

version in text D, one participant made 1 regression. Three of the regressions in the original 

version go from solution to the, one from provided to solution and one from is (subsequent to 

the AOI) to PreciSense. In the optimised version, the one regression goes from solution to 

PresiSense’s. Obviously, it is more likely that a higher number of regressions will occur 

within the original structure in text C seeing that the structure of 35 characters is 14 characters 

longer than the optimised structure of 21 characters. Nonetheless, the regression pattern in the 

original version indicates that the participants found it difficult to determine to what solution 

refers and thus needed to go back and make additional fixations. On the contrary, the genitive 

construction in the optimised version specifies that solution refers to PreciSense and not to 

any preceding passages. 

Reading times for the AOI in text C are 117.5 msec and 49.4 msec for the optimised version 

in text D, comprising a difference of 68.1 msec, which means that reading time for the 

optimised version is less than half of the reading time for the original version. Fixation counts 

for the AOI in text C are 46 (median of 12) and 13 (median of 4) for the AOI in text D. 

Fixation counts per character also support this in that they are 0.32 for the original version 

and 0.15 for the optimised version, which is a difference of more than half (0.17) than for the 

original version. The decrease in reading time of 68.1 msec, the fewer number of regressions 

and fixations indicate that a simplification of the reduced relative clause by means of genitive 

eases processing. 

 

Fitted with   vs.    Which is fitted with 

As regards the AOI in text C, three participants made a total of 7 regressions and in the 

optimised version in text D, one participant made 1 regression. Of the seven regressions in the 

original version, three go from with to fitted and four regressions from custom (subsequent to 
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the AOI) to with. In the optimised version, the regression goes from custom (subsequent to the 

AOI) to with. The regression pattern in the original version indicates that the participants 

experience processing difficulties in the non-finite relative form and far from the same extent 

in the optimised version. 

Reading times for the original version are 103.3 msec and 73.0 msec for the optimised 

version, which is a difference of 30.3 msec, indicating that processing effort for the optimised 

version is reduced. Fixation counts for the AOI in text C are 19 with a median value of 3 and 

25 with a median value of 6 for text D. The higher number of fixations in the optimised 

version can be ascribed to an outlier participant making 11 fixations in the AOI in the 

optimised version. The higher fixation count is due to this participant rereading the entire 

sentence. If we consider fixation counts per character, they were 0.43 for the original version 

and 0.31 for the optimised, which shows that fixation count is actually 0.12 lower for the 

optimised version. The lower number of regressions, the lower fixation count per character 

and the reduction in reading time of 30.3 msec suggest that by explicitating the subject in a 

relative clause, it becomes easier for the participants to locate the subject to which the clause 

refers requiring less processing effort. 

 

Preclinical Experiments. The 10 animals used were female pigs 

We used 10 female pigs for the preclinical experiments 

In relation to the first passive construction in scene 3 in text C, reading time is 59.1 msec and 

for the optimised version, reading time is 41.4 msec, which is a difference of 17.7 msec. With 

respect to regressions, three participants made a total of 5 regressions compared to only one 

participant making 1 regression in the optimised version. Fixation counts for the original 

version are 49 (median of 13) and 34 (median of 9) for the optimised version, and this 

corresponds to 0.20 and 0.16 fixations per character. This means that, on average, a 

participant makes 0.04 fixations less per character in the optimised version. 

In general, the fixations in the original version are longer than the fixations in the 

corresponding optimised version. Figure 4 below shows one participant‟s gaze behaviour for 

the AOI Preclinical Experiments. The 10 animals used were female pigs. 
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Figure 4: ClearView gaze plot representation of one participant‟s fixations in scene 3 in text C. 

The participant made a regression from female to were and fixated several times on The 10 

animals. The participant‟s gaze behaviour suggests that the lack of an explicit reference to the 

doer of the sentence increases the participant‟s processing effort. 

On the contrary, the participants who read the optimised version in text D made shorter 

fixations compared to the participants reading text C (see figure 5 below). 

 
Figure 5: ClearView gaze plot representation of one participant‟s fixations in scene 3 in text D. 
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The participant‟s gaze behaviour in figure 5 suggests that by specifying the doer of the 

sentence, the participants instantly know the intended meaning of the sentence. The reduction 

in reading time, the lower number of regressions and fixations indicate that by explicitating 

the subject in this sentence the participants‟ processing is facilitated. 

 

4.3.6.1 Summary of Reduced Relative Clauses 

To sum up the analysis of reduced relative clauses, reading times for four out of five of the 

optimised structures are lower than their corresponding original versions. In total, the 

participants spent 145.9 msec less reading the optimised versions, This represents, which 

suggests, patients who are affected by, PreciSense’s solution, Which is fitted with and We 

used 10 female pigs for the preclinical experiments. This means that, on average, each 

participant spends 36.5 msec less processing the optimised versions. 

In terms of regressions, the total number of regressions is 22 in the original versions 

compared to 6 in the optimised versions indicating that the participants‟ processing of the 

altered structures is facilitated. The total median fixation counts are 37 for the original 

versions and 30 for the optimised versions. As two of these structures and their corresponding 

versions, i.e. Representing vs. This represents and suggesting vs. Which suggests are rather 

short, the differences in fixation counts become less obvious. When looking at fixation counts 

per character, we see that the total difference is 0.43, which means that for each of the 

optimised versions a participant makes 0.07 fixations less compared to the original versions. 

The significant reduction in reading times and the lower number of regressions and fixations 

in the optimised versions suggest that turning the reduced relative clauses into either relative 

clauses introduced by wh-constituents or genitive construction eases the participants‟ 

processing effort. 

 

4.3.7 Analysis of Passive Constructions 

When assessing passive constructions, we, for the most part, chose to define the entire 

sentence in which the passive constructions appear as an AOI. This was done because the 

sentence structure as a whole was changed as a result of the alteration of the passive 
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construction(s). This overall change in sentence structure also means that it is complicated to 

draw in-depth conclusions as to the specific effect of passive constructions. We make use of 

regressions to analyse the first two passives constructions and their corresponding versions, 

and in the following two rather long sentences we focus primarily on reading times and 

fixation counts seeing that readers inevitably will make regressions across long passages of 

text as most regressions are made unconsciously (cf. 2.2.2 Basic Characteristics of Eye 

Movements). 

 

It has been suggested   vs.   our analysis suggested 

In relation to the AOI in scene 4, text A, one participant made 1 regression and this was also 

the case in the optimised version. Reading times for the AOI in text A are 86.6 msec and 48.7 

for the AOI in text B, comprising a difference of 37.9 msec. Fixation counts for the AOI in 

text A are 30 with a median value of 8 and 16 with a median value of 5 for the AOI in text B. 

Fixation counts per character are 0.36 for the original version and 0.18 for the optimised 

version, which is difference of 0.18 fixations per character. Adding to this, three participants 

reread the entire sentence containing the passive construction and only one participant reread 

the sentence containing the active construction. Of course, the rereadings of the sentence may 

add to the reading time. Nevertheless, this rereading may indicate that the participants 

experience processing difficulties with the possible vagueness in the passive construction, 

whereas in the optimised version the possible vagueness was eliminated by the replacement of 

an active construction. 

 

The study was approved by the local ethical committee   vs. 

The local ethical committee approved the study 

Regarding the AOI in scene 3, text C and D, reading time for the passive construction is 70.5 

msec and reading time for the corresponding active version is 46.2 msec, which is a 

difference of 24.3 msec. In terms of regressions, two participants made a total of 6 regressions 

in the original version and one participant made 1 regression in the optimised version. 

Fixation counts are 55 with a median value of 11 for the original version and 33 with a 

median value of 8 for the optimised version, and fixation counts per character are 0.26 for the 
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original version and 0.18 for the optimised structure, which is a difference of 0.08 fixations 

per character. 

The participants‟ gaze behaviour in the original version suggests that the passive construction 

weakens the clarity of the sentence in that the doer is not introduced until the end of the 

sentence. On the contrary, the participants who read the active construction in text D spent 

less time, made fewer regressions and fewer fixations compared to the participants reading 

text C indicating that by specifying the doer, the participants instantly know the intended 

meaning of the sentence. So, the reduction in reading time, the lower number of regressions 

and the lower fixation count in the optimised version suggest that processing of the active 

construction is facilitated. 

 

The in vitro test was carried out in order to study the stability of the sensing system when 

perturbated with illumination and heat and in vivo tests to study the functionality under  

true physiological conditions   vs. 

We carried out the in vitro test in order to study the stability of the sensing system when  

it was perturbated with illumination and heat,  and we carried out in vivo tests to study the 

functionality under true physiological conditions 

Looking at the AOIs in scene 2, text C and D, all participants, both in the original and the 

optimised version, made regressions. The regression patterns in the two AOIs are not 

apparent, though. Reading times for the original version are 82.7 msec and 83.1 msec for the 

optimised version, which means that reading time for the optimised version is actually 0.4 

msec longer than the original. Fixation counts for the AOI in text C are 235 (median of 56) 

and 258 (median of 64) for the AOI in text D. Fixation counts per character are 0.28 for both 

the original and the optimised version. The above eye movement data indicate that the change 

of the passive construction into two active constructions does not ease the participants‟ 

processing effort as we assumed. 

 

 



  

86 

 

The preclinical study was performed on nondiabetic pigs in a clamp type of experiment, and 

clinical experiments were performed on type 1 diabetic patients in a hospital setup   vs. 

We performed the preclinical study on nondiabetic pigs in a clamp type of experiment and 

clinical experiments on type 1 diabetic patients in a hospital setup 

Regarding the AOIs in scene 2, text C and D, all participants, both in the original and the 

optimised version, made regressions. The regression patterns in the two AOIs are not obvious, 

though. Reading time for the original version is 74.1 msec and for the optimised version, 

reading time is 55.2 msec, constituting a difference of 18.9 msec. Fixation counts for the AOI 

in text C are 185 (median of 45) and 129 (median of 34) for the AOI in text D. Fixation 

counts per character are 0.27 for the original version and 0.21 for the optimised version, 

which is a difference of 0.06. From the alteration of the two passive constructions, we see that 

reading time and the number of fixations have been reduced in the optimised version 

indicating that processing is facilitated. 

 

4.3.7.1 Summary of Passive Constructions 

To sum up the analysis of passive constructions, reading times for three out of four of the 

optimised structures were lower than their corresponding original versions. In total, the 

participants spent 80.7 msec less reading the four optimised versions, our analysis suggested, 

The local ethical committee approved the study, We carried out the in vitro test (...) and we 

carried out (...) true physiological conditions and We performed the preclinical study on 

nondiabetic pigs (...). This means that, on average, each participant spends 20.2 msec less 

processing the optimised versions. 

The total number of regressions for the two structures in which we have counted regressions 

was 7 in the original versions compared to 2 in the optimised versions, indicating that the 

participants‟ processing of the altered structures is facilitated. 

The total median fixation counts for all four passive constructions were 120 for the original 

versions and 111 for the optimised versions. When looking at fixation count per character, we 

saw that the total difference was 0.32, which means that for each of the optimised versions a 

participant, on average, makes 0.08 fixations less compared to the original versions. 



  

87 

 

Apart from one active construction, i.e. We carried out the in vitro test (...) and we carried out 

(...) true physiological conditions, in which reading time for the optimised version is slightly 

longer (0.4 msec), reading times were lower for the optimised versions. The regression 

patterns and fixation counts together with the reduction in reading times suggest that by 

turning the passive constructions into active constructions, the participants‟ processing effort 

is eased. 

 

4.3.8 Syntactic Ambiguity 

This section deals with how a particular syntactic ambiguity affects the participants‟ 

processing. In this sentence, we deleted the fact that, moved the adverbial of time during the 

entire 70 h of testing to initial position and inserted the finite relative form which proves after 

calibration set. We anticipate that the phrase are based on one calibration set only during the 

entire 70 h of testing would be rather ambiguous as the term set may be read as either a verb 

as part of a reduced relative clause or as a noun as part of a noun group, i.e. calibration set. 

So, in this section, we assess whether the alterations will be evident from the participants‟ eye 

movements and indicate whether processing is facilitated by looking at reading times, fixation 

counts and regressions. 

 

The fact that the PreciSense glucose estimates shown are based on one calibration set only 

during the entire 70 h of testing proves the ruggedness of the microsensor   vs. 

During the entire 70 h of testing, estimates of the PreciSense glucose shown are based on 

only one calibration set, which proves the ruggedness of the microsensor 

Reading times for the original version are 83.3 msec and 82.0 msec for the optimised version, 

constituting a difference of 1.3 msec. Fixation counts for the AOI in text C are 193 (median of 

49) and 194 (median of 40) for the AOI in text D. Fixation counts per character are 0.29 for 

the original version and 0.30 for the optimised version, constituting a difference of 0.01. 

Turning to the number of regressions, four participants made a total of 22 regressions in the 

original version (see figure 6 below). 
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Figure 6: Regression patterns for all participants for scene 4 in text C. 

In the optimised version, four participants made a total of 5 regressions as shown in figure 7 

below. 

 
Figure 7: Regression pattern for all participants in scene 4 in text D. 
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From the two figures, it is noticeable that the number of regressions is markedly lower in the 

optimised version. This suggests that the relocation of the time adverbial and the introduction 

of a relative clause facilitate processing. Although we see no significant differences in reading 

times and fixation counts, the lower number of regressions in the optimised version indicates 

that the assumed ambiguity in the phrase are based on one calibration set only during the 

entire 70 h of testing is eliminated. 

 

4.3.9 Total Reading Times 

In order to get a general idea of how much time the participants have spent reading each text, 

we consider the total reading times. The total reading times is the reading times for all 

participants for one text and average reading time is the reading time for each participant for 

one text. 

Total reading times for text A are 1039142 msec (17 min. 18 sec.) and 890272 msec (14 min. 

48 sec.) for text B, which constitutes a difference of 148870 msec (2 min. 30 sec.). See table 9 

below. 

Total reading times for 

text A and B 

Text A Text B Difference 

(msec) 

Difference 

(sec.) 

Scene 1 161112.0 190086.0 -28974.0 -29.0 

Scene 2 284936.0 293270.0 -8334.0 -8.3 

Scene 3 381380.0 236465.0 144915.0 144.9 

Scene 4 211714.0 170451.0 41263.0 41.3 

Total 1039142.0 890272.0 148870.0 148.9 
 

Table 9: Total reading times for text A and B for all participants. 

On average, a participant who read text B spends 37 seconds less than a participant who read text 

A, which can be seen from table 10 below. 

Average difference in 

reading times for text 

A and B 

Difference 

(msec) 

Difference 

(sec.) 

Average 

dif. (msec) 

Average 

dif. (sec.) 

Scene 1 -28974.0 -29.0 -7243.5 -7.2 

Scene 2 -8334.0 -8.3 -2083.5 -2.1 

Scene 3 144915.0 144.9 36228.7 36.2 

Scene 4 41263.0 41.3 10315.7 10.3 

Total 148870.0 148.9 37217.4 37.2 

Table 10: Average difference in reading times for text A and B for all participants. 
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Total reading time for text C is 1042880 msec (17 min. 24 sec.) and total reading time for text D is 

990245 msec (16 min. 30 sec.), which is a difference of 148870 msec (54 sec.). See table 11 

below. 

Total reading times for 

text C and D 

Text C Text D Difference 

(msec) 

Difference 

(sec.) 

Scene 1 252014.0 204041.0 47973.0 48.0 

Scene 2 292351.0 289913.0 2438.0 2.4 

Scene 3 243393.0 256134.0 -12741.0 -12.7 

Scene 4 140431.0 124565.0 15866.0 15.9 

Scene 5 114691.0 115592.0 -901.0 -0.9 

Total 1042880.0 990245.0 52635.0 52.6 

Table 11: Total reading times for text C and D for all participants. 

On average, a participant who read text D spends 13 seconds less than participants who read text 

C, which can be seen from table 12 below. 

Average difference in 

reading times for text 

C and D 

Difference 

(msec) 

Difference 

(sec.) 

Average 

dif. (msec) 

Average 

dif. (sec.) 

Scene 1 47973.0 48.0 11993.3 12.0 

Scene 2 2438.0 2.4 609.5 0.6 

Scene 3 -12741.0 -12.7 -3185.3 -3.2 

Scene 4 15866.0 15.9 3966.5 4.0 

Scene 5 -901.0 -0.9 -225.3 -0.2 

Total 52635.0 52.6 13158.7 13.2 

Table 12: Average difference in reading times for text C and D for all participants. 

If we consider calculating reading times as per the number of characters for text A and B, 

total reading times are 1191.6 msec for text A and 1025.7 msec for text B, constituting a 

difference of 165.91 msec. On average, a participant who read text B spends 41.48 msec less 

than a participant who read text A (see table 13). 

Total reading 

times per 

character 

Text A 

(msec) 

Text B 

(msec) 

Difference 

(msec) 

Average 

dif. (msec) 

Scene 1  215.7 256.9 -41.19 -10.30 

Scene 2  304.1 304.2 -0.13 -0.03 

Scene 3  390.0 241.5 148.42 37.11 

Scene 4  281.9 223.1 58.81 14.70 

Total 1191.6 1025.7 165.91 41.48 
 

Table 13: Total reading times per character for text A and B. 
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For the reading times for texts A and B, we have to take into account the additional changes 

we made in two sentences which contain a combination of complex syntactic structures (see 

appendix 15), and these changes may, of course, add to the lower reading time for text B. 

Total reading times per character for text C are 1326.5 msec and 1253.5 msec for text D, 

which is a difference of 73.1 msec. On average, a participant who read text D spends 18.3 

msec less than participants who read text C. See table 14 below. 

Total reading 

times per 

character 

Text C 

(msec) 

Text D 

(msec) 

Difference 

(msec) 

Average 

dif. 

(msec) 

Scene 1  296.1 237.5 58.6 14.7 

Scene 2  306.8 296.4 10.3 2.6 

Scene 3  277.5 304.9 -27.4 -6.9 

Scene 4  262.0 228.1 33.9 8.5 

Scene 5  184.1 186.4 -2.3 -0.6 

Total 1326.5 1253.5 73.1 18.3 
 

Table 14: Total reading times per character for text C and D. 

For text C and D, our additional changes in the optimised version need to be taken into 

consideration. In text D, three passive constructions were changed into active constructions to 

maintain an active voice in the optimised version and thereby retain a syntactically coherent 

text. Naturally, these alterations may add to the lower reading times for text D, and this 

further supports our results that altering some passive constructions will most likely ease 

readers‟ processing effort. 

  

4.3.10 Effects of Text Optimisation 

In this section, we assess whether the results of our analysis lead to an acceptance or rejection 

of our preliminary hypothesis; English medical texts with a high degree of specialisation are 

more easily read and understood by Danish medical experts in a text-optimised version than 

in their conventional, original form. The results from the analysis taken together will form the 

basis for the assessment. We focus on reading times, number of regressions and fixation 

counts per character. We have chosen to concentrate on our preliminary areas of priority, i.e. 

premodification, nominalisation, reduced relative clauses and passive constructions. The two 

nominalised-like structures and the structure containing the possible syntactic ambiguity will 

not be included in the calculations, but will be reviewed afterwards. 
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4.3.10.1 Effects of Simplifying Complex Syntactic Structures 

As concerns the optimisation of the premodified structures, reading times in five out of the six 

altered structures were shorter than in the original versions. Looking at the nominalised 

structures, reading times for two out of three optimised versions were shorter. Regarding the 

alteration of the reduced relative clauses, reading times for four out of five structures were 

shorter than the original versions. In addition, reading times for three out of four of the active 

constructions were shorter compared to the passive constructions. This means that in the four 

categories of complex syntactic structures which are the focus of this thesis, reading times 

were lower in 14 out of the 19 simplified syntactic structures. In total, reading times for the 

four categories of complex syntactic structures were 1509.3 msec and 1234.6 msec for the 

optimised versions, constituting a difference of 274.6 msec (see table 15 below). 

Reading times Original version Optimised version Difference 

Premodification 588.3 464.5 123.8 

Nominalisation 195.1 234.8 -39.7 

Reduced relative clauses 411.9 302.1 109.8 

Passive constructions 313.9 233.2 80.7 

Total reading times 1509.2 1234.6 274.6 

Table 15: Total reading times for each category of syntactic structure. 

From the table, we see a difference of 274.6 msec in total reading time despite the negative 

result in reading time for nominalisation, which is due to the fact that reading time for one out 

of the three optimised versions of the nominalised structures was higher than the original 

version. The result for this one structure has a negative effect on the two other optimised 

versions and thus on the total result for nominalisation. 

From the results, it is evident that reading times for the optimised structures are shorter than 

for the original versions suggesting that the participants find it easier to process the simplified 

syntactic structures. This is further supported when comparing the number of regressions 

between the original versions and the optimised versions. As concerns the optimisation of the 

premodified structures, 13 regressions were seen in the optimised versions as opposed to 32 in 

the original versions. Looking at the nominalised structures, the participants only made 5 

regressions in the optimised versions compared to 15 in the original versions. Regarding the 

simplification of the reduced relative clauses, the number of regressions was lower in the 
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optimised versions (6) than in the original (22). For the two passive/active constructions in 

which we counted regressions, 2 regressions were made in the optimised versions and 7 were 

made in the original. In total, the number of regressions was 26 for the four categories of 

complex syntactic structures. This is significantly lower than the number of regressions in the 

original structures, which was 76 (see table 16). 

Number of regressions Original version Optimised version Difference 

Premodification 32 13 19 

Nominalisation 15 5 10 

Reduced relative clauses 22 6 16 

Passive constructions 7 2 5 

Total 76 26 50 

Table 16: Total number of regressions for each category of syntactic structure. 

As most regressions reflect comprehension difficulties, the figures imply that the participants‟ 

processing - and most likely comprehension - of these simplified syntactic structures is 

facilitated. The shorter reading times and the lower number of regressions for the premodified 

structures and the reduced relative clauses may also be ascribable to the fact that these two 

structures do not appear as frequently in Danish as in English LSP texts. Where English has a 

preference for premodifying nouns, Danish LSP often uses postmodification instead. Also, 

relative clauses introduced by relative pronouns are more frequently used in Danish LSP texts 

as opposed to reduced relative clauses. 

The results for the reading times and regressions are further supported by fixation counts per 

character for the four categories of complex syntactic structures. Regarding the premodified 

structures, fixation counts were lower in three out of the six structures, and in the nominalised 

structures, fixation count was lower in one out of three structures. In the reduced relative 

clauses, fixation counts were lower in all six structures and finally, fixation counts were lower 

in three out of four structures active constructions, of which the forth structure showed no 

difference in fixation count (see table 17). 
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Fixation counts per character Original version Optimised version Difference 

Premodification 1.69 1.56 0.13 

Nominalisation 0.74 0.78 -0.04 

Reduced relative clauses 1.55 1.12 0.43 

Passive constructions 1.17 0.85 0.32 

Total 5.15 4.31 0.84 

Table 17: Fixation counts per character for each category of syntactic structure. 

The lower fixation counts seen in the premodified structures, the reduced relative clauses and 

the passive constructions demonstrate that a simplification of these structures has eased the 

participants‟ processing effort. 

 

4.3.10.1.1 Nominalised-like Structures and Syntactic Ambiguity 

As for the nominalised-like structures, reading time for the structure ...made this virus 

unpredictable... was actually longer (84.9 msec) than the original version (71.8 msec). The 

number of regressions in the optimised version was also higher (5) than the original version 

(4). Similarly, fixation count for the optimised version was higher (0.23) than for the original 

(0.17). In contrast to this, reading time for the structure ...viruses distinctly tend to... was 

shorter (56.2 msec) than the original version (86.4 msec), and the number of regressions was 

lower in the optimised version (2) than in the original version (5). Likewise, fixation count for 

the optimised version was lower (0.21) than for the original version (0.27). The first 

nominalised-like structure, in which unpredictability functions as a direct object in the 

sentence, was changed into the structure made this virus unpredictable, in which the adjective 

unpredictable functions as an object complement. In the second nominalised-like structure, 

the nominalised-like structure propensity was replaced by the prepositional verb tend to and 

the adjective distinct was changed into the adverb distinctly. The variety of these alterations 

together with the conflicting results for reading times, fixation counts and number of 

regressions of the two structures entail that it is difficult to draw conclusions on the 

nominalised-like structures. 

 

In relation to the possible syntactic ambiguity in the phrase ...are based on one calibration set 

only during..., we saw a slight difference in reading time in that the participants spent 1.3 
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msec less reading the optimised version. Yet, median fixation count was significantly lower in 

the optimised version than in the original version (40 compared to 49). However, fixation 

count per character was 0.01 higher in the optimised version, but the number of regressions 

was strikingly lower (5 compared to 22). The results and in particular the lower number of 

regressions in the optimised version indicate that the relocation of the time adverbial together 

with the relative clause eliminate the assumed ambiguity and facilitate processing. 
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5 Conclusion 

The purpose of the present thesis was to study the effect of syntactically complex structures in 

English medical texts on Danish medical experts. In the introduction, we hypothesised that by 

optimising such complex syntactic structures, the texts in which the structures appear would 

be more easily read and understood by Danish medical experts. The data analysis 

demonstrated that the simplification of the complex syntactic structures had significant effects 

on readability and processing effort, that is, the processing of the optimised syntactic 

structures was facilitated. 

We argued that LSP texts do not necessarily have to contain complex syntactic structures, at 

least not as many as is often the case in technical texts and that by reducing the complexity 

level of these structures, processing and comprehension will be improved. We proposed to 

examine this by means of eye-tracking and self-reporting questionnaires involving eight 

participants, all of whom were medical experts. The texts read by the participants in the eye-

tracking experiment were four English medical texts with a high level of specialisation; two 

of which had been optimised. The text optimisation involved making the texts simpler to 

process by reducing, removing or simplifying the complex syntactic structures we have 

chosen to concentrate on, i.e.  premodification, nominalisation, reduced relative clauses and 

passive constructions. In the optimised versions the structures were experimentally altered. 

Subsequently, the occurrences of these four syntactic structures were defined as AOIs in all 

four texts so that gaze data could be collected. 

We attempted to examine the effect of text optimisation on comprehension via the 

participants‟ answers in the questionnaires. However, the participants‟ answers regarding the 

content of the texts did not provide significant statistical data as there was too much variance 

among the answers which meant that analysis was complicated. Thus, a determination of 

whether the optimised medical texts were more easily understood by the Danish medical 

experts was undoable from the questionnaire data. So, the eye movement data and the answers 

in the questionnaires did not provide us with the anticipated double focus in relation to the 

participants‟ comprehension of the texts. We made use of the questionnaires with regard to 

the participants‟ own perception of their English skills and the difficulty level of the texts, and 

the participants‟ gaze behaviour was used to study their processing of the texts. 
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Looking back at our study, we have discovered some weaknesses in the research design. First 

of all, after having compared the optimised versions with the original versions, it became 

evident that fewer alterations should have been made. To be able to assess the effect of the 

text optimisation, we should have ensured that only one element was altered, while everything 

else was kept constant. This means that we should have defined only one AOI in each of the 

sentences we wanted to examine. Secondly, the participants answered in broad terms in the 

questionnaires and their answers reflected a combination of their previous knowledge of the 

topic and their comprehension of the texts. This complicated the assessment of the 

questionnaires as it was not clear whether the answers were an expression of the participants‟ 

comprehension of the texts, their recollection abilities or their previous knowledge of the 

topic of the texts. Hence, it can be argued that the questions should have been formulated in a 

more general manner. However, we would then not be able to examine if their answers 

reflected their comprehension of the specific syntactic structures. For instance, if we wanted 

to examine the participants‟ comprehension of the two premodified structures and their 

corresponding optimised versions in the final paragraph in scene 2, text C/D (see appendices 

12 and 13) we could have asked: What does the microsensor element consist of? Then, we 

would probably have got a variety of answers and they would most likely not have reflected 

the participants‟ comprehension of the structures. For such reasons, we deemed that the 

formulations of the questions for the present purpose needed to be as specific as they were. 

On the other hand, a different design of the questionnaires would have made it possible to 

make a within-subject analysis, i.e. a comparison of the score for each participant for an 

original text and an optimised text. By doing so, we could have compared if the individual 

scores for the optimised versions were higher than for the original versions, which would 

ideally have required an equal number of questions in the two questionnaires. Still, the level 

of difficulty differed between the two texts, i.e. texts A/B and C/D, which would have 

complicated such an assessment. 

Our study centred on an analysis of the participants‟ gaze behaviour for which theory on 

language for specific purposes and eye movements during reading served as the theoretical 

and terminological backdrop. The analysis of the eye movement data showed that the 

optimised versions had a positive effect on the participants‟ reading behaviour in that reading 

times for the two optimised texts were shorter than reading times for the conventional, 

original texts. The total reading time for text B was 2 min. and 30 sec. shorter than for text A, 



  

98 

 

and for text D it was 54 sec. shorter than for text C. This was also evident when looking at 

reading times per character, which were 41.81 msec shorter for text B than for text A and 18.3 

msec shorter for text D than for text C. In total, reading times per character for the four 

categories of simplified syntactic structures were also shorter than for the original structures, 

viz. 274.6 msec shorter. Adding to this, the total number of regressions for the syntactic 

structures in the original versions was 76 compared to 26 in the optimised versions, which 

means that the number of regressions was reduced by almost one third in the optimised 

versions. Additionally, the fixation count per character was 0.84 lower in the optimised 

versions than in the original versions. 

Furthermore, the results demonstrated that the premodified structures and the reduced relative 

clauses were the syntactic structures in which we saw the most considerable differences in 

reading times and number of regressions. This is in line with our expectations as these two 

structures do not appear as frequently in Danish LSP texts as in English, and we expected that 

this would cause processing difficulties for readers. A contributing factor to the increased 

processing effort in these two particular structures can be due to the participants not having 

taken any courses in English since high school. Moreover, the participants‟ indication of 

difficulty level shows that they find the optimised texts to be easier than the original texts, 

which demonstrates that simplifying the complex syntactic structures has also had an effect 

on the participants‟ own perception of the difficulty level. 

The study is not exhaustive, and further work can provide more detailed insight into the 

correlation between the complexity of syntactic structures and L2 processing. To test our 

hypothesis further, the number of participants could be expanded, and additional instances of 

the four complex syntactic structures could be included. Nonetheless, our research methods 

and data analyses, which combined eye-tracking and to some extent questionnaires, have 

given us insight into how syntactically complex structures in English LSP medical texts affect 

processing for Danish medical experts. Our results demonstrate that the processing of the 

simplified syntactic structures was facilitated. Thus, for English medical texts aimed at 

Danish readers it would be advisable to produce such texts with fewer complex syntactic 

structures. 

The aim of this study was to investigate how syntactically complex structures affect 

processing and comprehension and whether an easification of syntactically difficult texts will 
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improve processing and comprehension. Since reading times was shorter for the AOIs in the 

optimised versions than reading times for the corresponding AOIs in the original versions, the 

eye movement data support the part of our initial hypothesis which concerned that the text-

optimised versions will be more easily read by Danish medical experts than in their 

conventional, original form. Likewise, the lower number of regressions and fixations in the 

AOIs in the optimised versions support our claim that easification of complex syntactic 

structures facilitates processing. 
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7 Appendices 

 

Appendix 1: Journal article: Identification of hemagglutinin structural domain 

and polymorphisms which may modulate swine H1N1 interactions 

with human receptor 

 

Appendix 2: Journal article: Clinical Evaluation of a Transcutaneous 

Interrogated Fluorescence Lifetime-Based Microsensor for 

Continuous Glucose Reading 

 

Appendix 3: Summary of journal article Identification of hemagglutinin 

structural domain and polymorphisms which may modulate swine 

H1N1 interactions with human receptor (text A) 

 

Appendix 4: Optimised version of the summarised journal article Identification 

of hemagglutinin structural domain and polymorphisms which may 

modulate swine H1N1 interactions with human receptor (text B) 

 

Appendix 5: Summary of journal article Clinical Evaluation of a 

Transcutaneous Interrogated Fluorescence Lifetime-Based 

Microsensor for Continuous Glucose Reading (text C) 

 

Appendix 6: Optimised version of the summarised journal article Clinical 

Evaluation of a Transcutaneous Interrogated Fluorescence 

Lifetime-Based Microsensor for Continuous Glucose Reading 

(text D) 

 

Appendix 7: Questionnaire regarding the participants‟ background. 

 

Appendix 8: Questionnaire regarding content and difficulty of texts A and B. 

 

Appendix 9: Questionnaire regarding content and difficulty of texts C and D. 
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Appendix 10:  ClearView gaze plot of text A 

 

Appendix 11:  ClearView gaze plot of text B 

 

Appendix 12:  ClearView gaze plot of text C 

 

Appendix 13:  ClearView gaze plot of text D 

 

Appendix 14: Text Optimisation Process 

 

Appendix 15: Combination on Several Syntactic Structures 

 

Appendix 16: Example of ClearView gaze plot with defined AOIs 

 

Appendix 17: Filled-in questionnaires 
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1.1 Appendix 3 

 

Text A: Identification of hemagglutinin structural domain and polymorphisms which may 

modulate swine H1N1 interactions with human receptor 

The novel A/H1N1 influenza virus, which recently emerged in North America is most closely 

related to North American H1N1/N2 swine viruses. The novel A/H1N1 influenza virus has struck 

thousands of people in more than 70 countries and killed more than 140, representing a public 

health emergency of international concern. The rapid spread of this swine influenza virus mainly 

among young healthy adults and outside of the classical influenza season added to the 

unpredictability of this virus. Thus the virus and its molecular evolution raise a number of questions 

that are of prime international public health concern. 

Recently, we applied the Informational Spectrum Method (ISM) bioinformatics platform, for 

analysis of the structure and function of the HA subunit 1 (HA1) of H5N1 influenza viruses. Results 

of this analysis revealed that HA1 of H5N1 viruses encodes specific and highly conserved 

information which may determine the recognition and targeting of these highly pathogenic avian 

influenza (HPAI) viruses to their receptor. We also showed that a subset of H5N1 in Egypt may be 

evolving toward an H1N1-like receptor usage, indicating more efficient human-to-human 

transmission. This prediction is in accord with recently observed H5N1 subclinical cases in Egypt. 

This silent spread of H5N1 in human populations sets the stage for increased transmission 

efficiencies and represents another threat with pandemic potential. Here we used the ISM platform 

to compare North American swine H1N1/N2 influenza viruses with the new pandemic A/H1N1 

virus. 

Phylogeny and principal component cluster analysis revealed that the H gene of A/H1N1 is most 

closely related to the triple reassortants swine influenza H1N1 and H1N2 found in North America 

since 2000. The relative position of the receptor binding domain and the receptor targeting domain 

(VIN2) in 3D structure of A/H1N1 HA1 is similar to the position of these two domains in seasonal 

flu H1N1 viruses but different than in H1N1 1918 viruses. This suggests that efficacy of interaction 

between A/H1N1 and its receptor is similar to seasonal flu H1N1 viruses but less efficient than in 

1918 viruses. Analyses by the ISM bioinformatics platform of the HA1 protein of North American 

swine H1N1 and H1N2 viruses and the new A/H1N1 that emerged recently in Mexico and the USA 
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showed that both groups of viruses differed in characteristic parameters that reflect a distinct 

propensity of these viruses to undergo a specific interaction with swine or human host proteins or 

receptors. 

Using the same approach, amino acid substitutions F71S, T128S, E302K, M314L in the A/H1N1 

HA1 essential for the human interaction pattern of these viruses were identified and residues 94D, 

196D and 274D of A/H1N1 HA1 were predicted as "hot-spots" for mutations that may significantly 

increase the propensity of this virus to interact preferentially with human host proteins. At least one 

of these mutations (D274E) was already found in the A/H1N1 isolates from Spain, Italy and US, 

suggesting the virus further adapts to the human host. In addition, it has been suggested that the 

highly conserved domain 286 - 326 of HA1 plays an important role in A/H1N1-receptor interaction 

and represents a candidate target for diagnostics, vaccines and therapies. 
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1.2 Appendix 4 

 

Text B: Identification of hemagglutinin structural domain and polymorphisms which may 

adjust swine H1N1 interactions with human receptor 

The novel A/H1N1 influenza virus which recently emerged in North America is most closely 

related to North American H1N1/N2 swine viruses. The novel A/H1N1 influenza virus has struck 

thousands of people in more than 70 countries and killed more than 140. This represents a public 

health emergency of international concern. The rapid spread of this swine influenza virus mainly 

among young healthy adults and outside of the classical influenza season made this virus 

unpredictable. Thus the virus and its molecular evolution raise a number of questions that are of 

prime international concern to the public health. 

Recently, we applied the Informational Spectrum Method (ISM) bioinformatics platform to analyse 

the structure and function of the HA subunit 1 (HA1) of H5N1 influenza viruses. Results of this 

analysis revealed that HA1 of H5N1 viruses encodes specific and highly conserved information 

which may determine the recognition and targeting of these highly pathogenic avian influenza 

(HPAI) viruses to their receptor. We also showed that a subset of H5N1 in Egypt may be evolving 

toward a usage of an H1N1-like receptor, which indicates that the virus transmits more efficiently 

from human to human. This prediction is in accord with recently observed H5N1 subclinical cases 

in Egypt. This silent spread of H5N1 in human populations sets the stage for increased transmission 

efficiencies and represents another threat with pandemic potential. Here we used the ISM platform 

to compare swine H1N1/N2 influenza viruses from North America with the new pandemic A/H1N1 

virus. 

Phylogeny and principal component cluster analysis revealed that the H gene of A/H1N1 is most 

closely related to the triple reassortants swine influenza H1N1 and H1N2 found in North America 

since 2000. The relative position of the receptor binding domain and the receptor targeting domain 

(VIN2) in 3D structure of A/H1N1 HA1 is similar to the position of these two domains in seasonal 

flu H1N1 viruses but different than in H1N1 1918 viruses. This suggests that efficacy of interaction 

between A/H1N1 and its receptor is similar to seasonal flu H1N1 viruses but less efficient than in 

1918 viruses. Analyses by the ISM bioinformatics platform of the HA1 protein of the North 

American swine H1N1 and H1N2 viruses and the new A/H1N1 that emerged recently in Mexico 
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and the USA showed that both groups of viruses differed in characteristic parameters which reflect 

that these viruses distinctly tend to undergo a specific interaction with swine or human host proteins 

or receptors. 

Using the same approach, we identified the amino acid substitutions F71S, T128S, E302K, M314L 

in the A/H1N1 HA1, which are essential for the human interaction pattern of these viruses. We 

predicted the residues 94D, 196D and 274D of A/H1N1 HA1 as "hot-spots" for mutations that may 

significantly increase the virus’ tendency to interact preferentially with human host proteins. At 

least one of these mutations (D274E) was already found in the A/H1N1 isolates from Spain, Italy 

and US, which suggests that the virus further adapts to the human host. In addition, our analysis 

suggested that the highly conserved domain 286 - 326 of HA1 plays an important role in A/H1N1-

receptor interaction and represents a candidate target for diagnostics, vaccines and therapies. 
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1.3 Appendix 5 

 

Text C: Clinical Evaluation of a Transcutaneous Interrogated Fluorescence Lifetime-Based 

Microsensor for Continuous Glucose Reading 

In the last three decades several attempts have been made to develop continuous glucose sensors or 

methods of monitoring the blood or interstitial fluid (ISF) glucose directly that would be beneficial 

to the growing number of patients affected by type 1 and 2 diabetes worldwide. The market 

currently has three continuous glucose monitoring (CGM) systems available (electrochemical 

based) approved for 3- to 7-day use. PreciSense A/S is developing a biodegradable glucose 

microsensor that can work for at least 14 days in vivo while being interrogated optically and 

transcutaneously. The solution provided by PreciSense is a microsensor element that can be injected 

by a patient-operated device into the upper layer of the skin. 

In order to evaluate all aspects of the PreciSense microsensor system, it was tested in vitro (long-

term interrogation) for up to 14 days and in vivo for up to 3 days. The in vitro test was carried out in 

order to study the stability of the sensing system when perturbated with illumination and heat and in 

vivo tests to study the functionality under true physiological conditions. In vivo tests were done both 

preclinically and clinically. The preclinical study was performed on nondiabetic pigs in a clamp 

type of experiment, and clinical experiments were performed on type 1 diabetic patients in a 

hospital setup. The glucose assay employed in the microsensor element is based on reversible 

binding between a fluorophore-labeled human glucose receptor and a dye-labeled glucose analog 

(dextran). The glucose concentration-dependent degree of binding between the two assay 

components is determined by measuring the fluorescence lifetime of the system. 

The use of equilibrium-based assay chemistry and fluorescence lifetime-based readings provides a 

sensing system that should be independent of the environment wherein it is embedded and hence 

give a very robust measuring principle, only calling for an initial calibration after insertion of the 

microsensor element. 

The reader unit used to interrogate the microsensor element was a home-built light-emitting diode 

(LED)/Avalanche photodiode-equipped, time-resolved fluorometer (measuring lifetime in the 

frequency domain) fitted with custom-made optics suited for reading the fluorescence from the 

AF594 fluorophore used in the assay. 
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Preclinical Experiments. The 10 animals used were female pigs. The study was approved by the 

local ethical committee. The reference used in the preclinical experiments was venous whole blood 

glucose and as control a CGMS Gold™ system was used. 

Clinical Experiments. A study to show the performance of the PreciSense system in humans was 

performed. Reference venous blood glucose samples were drawn every hour during the day and 

evening of the trial days, and the samples were analyzed by a Beckmann glucose analyzer. No 

recalibrations were made; only one set of calibration parameters was applied to patient data. The 

fact that the PreciSense glucose estimates shown are based on one calibration set only during the 

entire 70 h of testing proves the ruggedness of the microsensor. 

Clinical data confirm in the best possible way that the microsensor system is suitable for long-term 

continuous glucose measurements in type 1 diabetic patients without the need for frequent 

recalibration or smoothing algorithms. Furthermore, the fact that the microsensor functions equally 

well in pigs and humans confirms the postulate that the PreciSense microsensor system is, in fact, 

not dependent of the environment in which it has been placed. In conclusion, results point toward 

the possibility of developing a stable and precise minimally invasive commercial glucose reader for 

at least 2 weeks of continuous use. 
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1.4 Appendix 6 

 

Text D: Continuous Glucose Reading: Clinical Evaluation of a Fluorescence Lifetime-Based 

Microsensor which is Transcutaneously Interrogated 

In the last three decades several attempts have been made to develop continuous glucose sensors or 

methods to monitor the blood or interstitial fluid (ISF) glucose directly that would be beneficial to 

the growing number of patients, who are affected by type 1 and 2 diabetes worldwide. The market 

currently has three continuous glucose monitoring (CGM) systems available (electrochemical 

based) approved for 3- to 7-day use. PreciSense A/S is developing a glucose microsensor which is 

biodegradable and can work for at least 14 days in vivo while being interrogated optically and 

transcutaneously. PreciSense’s solution is a microsensor element that can be injected by a patient-

operated device into the upper layer of the skin. 

In order to evaluate all aspects of the PreciSense microsensor system, we tested it in vitro (long-

term interrogation) for up to 14 days and in vivo for up to 3 days. We carried out the in vitro test in 

order to study the stability of the sensing system when it was perturbated with illumination and 

heat, and we carried out in vivo tests to study the functionality under true physiological conditions. 

In vivo tests were done both preclinically and clinically. We performed the preclinical study on 

nondiabetic pigs in a clamp type of experiment and clinical experiments on type 1 diabetic patients 

in a hospital setup. The glucose assay employed in the microsensor element is based on reversible 

binding between a human glucose receptor labeled with fluorophore and a dye-labeled glucose 

analog (dextran). The degree of binding which is dependent on the glucose concentration between 

the two assay components is determined by measuring the fluorescence lifetime of the system. 

The use of equilibrium-based assay chemistry and fluorescence lifetime-based readings provides a 

sensing system that should be independent of the environment wherein it is embedded and hence 

give a very robust measuring principle as it only calls for an initial calibration after the microsensor 

element has been inserted. The reader unit used to interrogate the microsensor element was a home-

built light-emitting diode (LED)/time-resolved fluorometer equipped with an Avalanche photodiode 

which is fitted with custom-made optics suited for reading the fluorescence from the AF594 

fluorophore used in the assay. We used 10 female pigs for the preclinical experiments. The local 

ethical committee approved the study. In the preclinical experiments we used venous whole blood 

glucose as reference, and as control we used a CGMS Gold™ system. 
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In the clinical experiments we performed a study to show the performance of the PreciSense system 

in humans. Samples from venous blood glucose were drawn as reference every hour during the day 

and evening of the trial days, and the samples were analyzed by a Beckmann glucose analyzer. No 

recalibrations were made; only one set of calibration parameters was applied to patient data. During 

the entire 70 h of testing, estimates of the PreciSense glucose shown are based on only one 

calibration set, which proves the ruggedness of the microsensor. 

Clinical data confirm in the best possible way that the microsensor system is suitable for long-term 

continuous glucose measurements in type 1 diabetic patients without the need for frequent 

recalibration or smoothing algorithms. Furthermore, the fact that the microsensor functions equally 

well in pigs and humans confirms the postulate that the PreciSense microsensor system is, in fact, 

not dependent of the environment in which it has been placed. In conclusion, results indicate that it 

is possible to develop a stable and precise minimally invasive commercial glucose reader for at least 

2 weeks of continuous use. 
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1.5 Appendix 7 

 

Background 

Name: 

Age: 

Gender: Male  /  Female 

Eye colour: 

Contact lenses:    yes  /  no  Glasses:    yes  /  no 

 

Educational background: 

 

Occupation: 

 

When did you last take a course in English, English grammar, English Pragmatics or a similar 

course? 

 

Please state how well you know other languages besides Danish. 1 = only a little, 5 = very well. 

Language Knowledge 

______________ 1    2    3    4    5 

______________ 1    2    3    4    5 

______________ 1    2    3    4    5 

______________ 1    2    3    4    5 

______________ 1    2    3    4    5 
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1.6 Appendix 8 

 

Content: 

1. Name at least one characteristic of the new influenza virus which adds to the unpredictability of 

it? 

 

 

2. What was the ISM platform used for? 

 

 

3. The study showed that a subset of H5N1 may be evolving toward an H1N1-like receptor usage. 

What may be the consequence of this? 

 

 

4. Analyses by the platform showed that both the American swine H1N1 and H1N2 viruses and the 

new A/H1N1 virus differed in characteristic parameters. What do these parameters reflect? 

 

 

5. What did residues 94D, 196D and 274D of A/H1N1 HA1, which were predicted as "hot-spots" 

for mutations, indicate? 

 

 

6. At least one of these mutations (D274E) was already found in the A/H1N1 isolates from Spain, 

Italy and US. What does this indicate? 

 

 

 

7. What does the analysis suggest in regards to the highly conserved domain 286-326 of HA1? 
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In general: 

Did you find the text easy, average or difficult to understand? Please state below. 

(1 = very easy to understand, 10 = very difficult to understand) 

1    2    3    4    5    6    7    8    9    10 

Please state why. 

 

 

Did you understand the headline? 

 

 

When did you first hesitate/stop? 

 

 

 

Did you go back in the text to reread a word and/or passage? If you remember where, please state it. 

 

 

 

Did you find any words and/or passages difficult to understand? If yes, which one(s)? 
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1.7 Appendix 9 

 

Content: 

1. What is the microsensor used for? 

 

2. What type of microsensor is it? 

 

3. What company is developing the microsensor? 

 

4. At whom are this new microsensor aimed? 

 

5. On who/what were the preclinical and clinical studies performed? 

 

6. Why was the in vitro study carried out? 

 

7. Why was the in vivo study carried out? 

 

8. The glucose assay, which is employed in the microsensor element, is based on reversible binding 

between a dye-labeled glucose analog and a human glucose receptor, which is labeled with..? 

 

 

9. What is the degree of binding between these two assay components dependent on? 

 

 

10. The glucose assay provides a sensing system that should be independent of the environment 

wherein it is embedded. This gives a very robust measuring principle. Why is that? 
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11. Who approved the study? 

 

12. The microsensor was tested for 70 hours and proved to be rugged. Why is this? 

 

13. What do the results of this clinical evaluation point toward? 

 

In general: 

Did you find the text easy, average or difficult to understand? Please state below. 

(1 = very easy to understand, 10 = very difficult to understand) 

1    2    3    4    5    6    7    8    9    10 

Please state why. 

 

 

Did you understand the headline? 

 

When did you first hesitate/stop? 

 

Did you go back in the text to reread a word and/or passage? If you remember where, please state it. 

 

 

Which words and/or passages did you find difficult to understand? 
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1.8 Appendix 10 

 

Scene 1, text A: 
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Scene 2, text A: 
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Scene 3, text A: 

 

 



147 
 

Scene 4, text A: 
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1.9 Appendix 11 

 

Scene 1, text B: 
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Scene 2, text B: 
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Scene 3, text B: 
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Scene 4, text B: 
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1.10 Appendix 12 

 

Scene 1, text C: 
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Scene 2, text C: 
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Scene 3, text C: 
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Scene 4, text C: 
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Scene 5, text C: 
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1.11 Appendix 13 

 

Scene 1, text D: 
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Scene 2, text D: 
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Scene 3, text D: 
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Scene 4, text D: 
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Scene 5, text D: 
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1.12 Appendix 14 

 

Text Optimisation Process 

Below is a detailed description of the text optimisation process for each of the four texts. The AOIs 

that we want to examine are underlined. For convenience, a sentence from the original text is shown 

followed by the sentence in the optimised version. After the two sentences, we describe the changes 

we have made. For text A/B, we refer to the sentences in the original version as A 1, A 2, etc. and 

the optimised version as B 1, B2, etc. We refer to the sentences in the original version as C 1, C 2, 

etc. and the optimised version as D 1, D 2, etc. Only sentences in which we have made alterations 

are included in the following two sections, which is why some numbers are skipped. We have also 

included the headline simply as an indication of the topic of the text. 

 

Text A and B 

A 1: Identification of hemagglutinin structural domain and polymorphisms which may 

modulate swine H1N1 interactions with human receptor 

B 1: Identification of hemagglutinin structural domain and polymorphisms which may 

adjust swine H1N1 interactions with human receptor 

A 3: The novel A/H1N1 influenza virus has struck thousands of people in more than 70 

countries and killed more than 140, representing a public health emergency of 

international concern. 

B 3: The novel A/H1N1 influenza virus has struck thousands of people in more than 70 

countries and killed more than 140. This represents a public health emergency of 

international concern. 

The original sentence is written as one sentence which contains the reduced relative clause 

representing a public health emergency of international concern. To remove the reduced relative 

clause, we added a full stop and began a new sentence with the demonstrative pronoun this 

followed by the present tense of represent. 
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A 4: The rapid spread of this swine influenza virus mainly among young healthy adults and 

outside of the classical influenza season added to the unpredictability of this virus. 

B 4: The rapid spread of this swine influenza virus mainly among young healthy adults and 

outside of the classical influenza season made this virus unpredictable. 

Here, we changed the nominalised-like structure, unpredictability, which functions as a direct 

object in the sentence, into the structure made this virus unpredictable, in which the adjective 

unpredictable functions as an object complement. This led to an alteration of the prepositional verb 

added to into made. 

 

A 5: Thus the virus and its molecular evolution raise a number of questions that are of prime 

international public health concern. 

B 5: Thus the virus and its molecular evolution raise a number of questions that are of prime 

international concern to the public health. 

The premodification prime international public health concern was split up into prime international 

concern to the public health by means of a preposition group so that the adjectives public health 

were turned into a compound noun. 

 

A 6: Recently, we applied the Informational Spectrum Method (ISM) bioinformatics platform, 

for analysis of the structure and function of the HA subunit 1 (HA1) of H5N1 influenza 

viruses. 

B 6: Recently, we applied the Informational Spectrum Method (ISM) bioinformatics platform 

to analyse the structure and function of the HA subunit 1 (HA1) of H5N1 influenza 

viruses. 

We changed nominalised structure, analysis, into the non-finite verb form to analyse to emphasise 

the connection between the subject we and the action analysis. In addition, we removed the 

somewhat misleading comma between platform and for. 
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A 8: We also showed that a subset of H5N1 in Egypt may be evolving toward an H1N1-like 

receptor usage, indicating more efficient human-to-human transmission. 

B 8: We also showed that a subset of H5N1 in Egypt may be evolving toward a usage of an 

H1N1-like receptor, which indicates that the virus transmits more efficiently from human 

to human. 

The premodified structure an H1N1-like receptor usage was changed into the postmodified 

construction a usage of an H1N1-like receptor by means of an of-construction. The reduced relative 

clause indicating more efficient human-to-human transmission was changed into a relative clause 

introduced by the relative pronoun which to indicate its function as the subject in the relative clause. 

Accordingly, which was followed by the present tense of indicate. Afterwards, we explicitated that 

it is the virus that transmits from human to human by inserting the conjunction that plus determiner 

and the noun virus, followed by a verbalisation of transmission into transmits. In addition, the 

premodified structure more efficient human-to-human transmission was rewritten into transmits 

more efficiently from human to human, in which we changed the adjective efficient into the 

adverbial efficiently. In our subsequent analysis, we have to take into account that the alteration of 

both the premodified structures and the reduced relative clause may have an influence on the 

participants’ eye movement data. For this reason, we have chosen not to include this AOI in the 

analytical section 4.3 Gaze Behaviour Analysis, but the analysis of it can be found in appendix 15. 

 

A 15: Analyses by the ISM bioinformatics platform of the HA1 protein of North American 

swine H1N1 and H1N2 viruses and the new A/H1N1 that emerged recently in Mexico and 

the USA showed that both groups of viruses differed in characteristic parameters that 

reflect a distinct propensity of these viruses to undergo a specific interaction with swine or 

human host proteins or receptors. 

B 15: Analyses by the ISM bioinformatics platform of the HA1 protein of the North American 

swine H1N1 and H1N2 viruses and the new A/H1N1 that emerged recently in Mexico and 

the USA showed that both groups of viruses differed in characteristic parameters which 

reflect that these viruses distinctly tend to undergo a specific interaction with swine or 

human host proteins or receptors. 
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We removed the nominalised-like structure propensity and replaced it by the prepositional verb tend 

to since the noun propensity cannot be expressed by means of a verb, such as *propensitise. In 

addition, the conjunction that was inserted and the adjective distinct was changed into the adverb 

distinctly. 

 

 

A 16: Using the same approach, amino acid substitutions F71S, T128S, E302K, M314L in the 

A/H1N1 HA1 essential for the human interaction pattern of these viruses were identified 

and residues 94D, 196D and 274D of A/H1N1 HA1 were predicted as "hot-spots" for 

mutations that may significantly increase the propensity of this virus to interact 

preferentially with human host proteins. 

B 16: Using the same approach, we identified the amino acid substitutions F71S, T128S, E302K, 

M314L in the A/H1N1 HA1, which are essential for the human interaction pattern of these 

viruses. We predicted the residues 94D, 196D and 274D of A/H1N1 HA1 as "hot-spots" 

for mutations that may significantly increase the virus’ tendency to interact preferentially 

with human host proteins. 

Firstly, we changed the passive construction were identified into the active construction we 

identified and moved it from the end to the beginning of the main clause. The reduced relative 

clause essential for...viruses was changed into a relative clause which are essential for...viruses 

introduced by the relative pronoun which. Then, we added a full stop and deleted and. Instead of the 

passive construction were predicted further down in the sentence, we used the active construction 

we predicted and placed it after the newly inserted full stop to begin the new sentence. In front of 

residues, we added the as a determiner as residues refer to the specific residues 94D, 196D and 

274D. Then, we changed the of-construction the propensity of this virus into the specifying genitive 

the virus’ tendency, in which the noun propensity has been replaced by tendency. This was done in 

order to create lexical cohesion with the previous sentence, in which we used the prepositional verb 

tend to instead of propensity. In our subsequent analysis, we have to take into account that all of the 

abovementioned alterations may have an influence on the participants’ eye movement data. We 

have chosen not to include this AOI in the analytical section 4.3 Gaze Behaviour Analysis, but the 

analysis of it can be found in appendix 15. 
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A 17: At least one of these mutations (D274E) was already found in the A/H1N1 isolates from 

Spain, Italy and US, suggesting the virus further adapts to the human host. 

B 17: At least one of these mutations (D274E) was already found in the A/H1N1 isolates from 

Spain, Italy and US, which suggests that the virus further adapts to the human host. 

We changed the reduced relative clause suggesting the virus....the human host into the relative 

clause which suggests that introduced by the relative pronoun which, and we also inserted that as a 

conjunction. 

 

A 18: In addition, it has been suggested that the highly conserved domain 286 - 326 of HA1 

plays an important role in A/H1N1-receptor interaction and represents a candidate target 

for diagnostics, vaccines and therapies. 

B 18: In addition, our analysis suggested that the highly conserved domain 286 - 326 of HA1 

plays an important role in A/H1N1-receptor interaction and represents a candidate target 

for diagnostics, vaccines and therapies. 

Finally, we changed the passive construction it has been suggested into the active construction our 

analysis suggested. 

 

Texts C and D 

C 1: Clinical Evaluation of a Transcutaneous Interrogated Fluorescence Lifetime-Based 

Microsensor for Continuous Glucose Reading 

D 1: Clinical Evaluation of a Transcutaneous Interrogated Fluorescence Lifetime-Based 

Microsensor for Continuous Glucose Reading 

 

C 2: In the last three decades several attempts have been made to develop continuous glucose 

sensors or methods of monitoring the blood or interstitial fluid (ISF) glucose directly that 

would be beneficial to the growing number of patients affected by type 1 and 2 diabetes 

worldwide. 
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D 2: In the last three decades several attempts have been made to develop continuous glucose 

sensors or methods to monitor the blood or interstitial fluid (ISF) glucose directly that 

would be beneficial to the growing number of patients, who are affected by type 1 and 2 

diabetes worldwide. 

Here, we changed the nominalisation monitoring into the non-finite verb form to monitor. 

Additionally, we changed the non-finite relative form affected by into the finite relative form who 

are affected by introduced by the relative pronoun who. Despite our aim of having only one AOI in 

each sentence, we chose to change the above two structures and define them as two separate AOIs. 

As the AOIs are placed far apart, i.e. in the main clause and the relative clause, respectively, we 

expect that the first AOI will not influence the eye movement data for the second AOI. 

 

C 4: PreciSense A/S is developing a biodegradable glucose microsensor that can work for at 

least 14 days in vivo while being interrogated optically and transcutaneously. 

D 4: PreciSense A/S is developing a glucose microsensor which is biodegradable and can work 

for at least 14 days in vivo while being interrogated optically and transcutaneously. 

Here, we split up the premodified structure biodegradable glucose microsensor by making the 

adjective biodegradable part of a relative clause introduced by the relative pronoun which. This 

meant that the relative pronoun that was removed since it was redundant and the conjunction and 

was inserted instead. 

 

C 5: The solution provided by PreciSense is a microsensor element that can be injected by a 

patient-operated device into the upper layer of the skin. 

D 5: PreciSense’s solution is a microsensor element that can be injected by a patient-operated 

device into the upper layer of the skin. 

We turned the reduced relative clause the solution provided by PreciSense into the specifying 

genitive PreciSense’s solution. 

 

C 6: In order to evaluate all aspects of the PreciSense microsensor system, it was tested in vitro 

(long-term interrogation) for up to 14 days and in vivo for up to 3 days. 
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D 6: In order to evaluate all aspects of the PreciSense microsensor system, we tested it in vitro 

(long-term interrogation) for up to 14 days and in vivo for up to 3 days. 

We chose not to define an AOI in this sentence even though we altered the passive construction. 

The alteration was done simply because we wanted to maintain an active voice in the optimised 

version. 

 

C 7: The in vitro test was carried out in order to study the stability of the sensing system when 

perturbated with illumination and heat and in vivo tests to study the functionality under 

true physiological conditions. 

D 7: We carried out the in vitro test in order to study the stability of the sensing system when it 

was perturbated with illumination and heat, and we carried out in vivo tests to study the 

functionality under true physiological conditions. 

The passive construction was carried out was changed into the active construction we carried out. 

Instead of the passive -ed participle form perturbated we inserted the referential pronoun it 

followed by was to avoid ambiguity in regards to whom/what was perturbated. Furthermore, we 

added we carried out after the coordinating conjunction and to specify the agent. We defined the 

entire sentence as one AOI, because the sentence structure as a whole was changed as a result of the 

alteration of the passive constructions. 

 

C 9: The preclinical study was performed on nondiabetic pigs in a clamp type of experiment, 

and clinical experiments were performed on type 1 diabetic patients in a hospital setup. 

D 9: We performed the preclinical study on nondiabetic pigs in a clamp type of experiment and 

clinical experiments on type 1 diabetic patients in a hospital setup. 

The passive construction was performed was changed into the active construction we performed. 

Then, we removed the passive construction were performed, as it is clear who performed the 

clinical experiments due to the previously inserted active construction we performed. We defined 

the entire sentence as one AOI, because the sentence structure as a whole was changed as a result of 

the alteration of the passive construction. 
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C 10: The glucose assay employed in the microsensor element is based on reversible binding 

between a fluorophore-labeled human glucose receptor and a dye-labeled glucose analog 

(dextran). 

D 10: The glucose assay employed in the microsensor element is based on reversible binding 

between a human glucose receptor labeled with fluorophore and a dye-labeled glucose 

analog (dextran). 

Here, we split up the premodified structure a fluorophore-labeled human glucose receptor by 

making the adjective fluorophore-labeled part of a reduced relative clause labeled with fluorophore 

and placing it after the head of the premodified construction, i.e. receptor. 

 

C 11: The glucose concentration-dependent degree of binding between the two assay 

components is determined by measuring the fluorescence lifetime of the system. 

D 11: The degree of binding which is dependent on the glucose concentration between the two 

assay components is determined by measuring the fluorescence lifetime of the system. 

In this sentence, we split up the premodified structure the glucose concentration-dependent degree 

of binding by turning the adjectives glucose concentration-dependent into part of a relative clause, 

i.e. which is dependent on the glucose concentration, in which the former adjective dependent is 

now an adverbial, and the relative clause was placed after the head of the premodified construction, 

i.e. degree of binding. 

 

C 12: The use of equilibrium-based assay chemistry and fluorescence lifetime-based readings 

provides a sensing system that should be independent of the environment wherein it is 

embedded and hence give a very robust measuring principle, only calling for an initial 

calibration after insertion of the microsensor element. 

D 12: The use of equilibrium-based assay chemistry and fluorescence lifetime-based readings 

provides a sensing system that should be independent of the environment wherein it is 

embedded and hence give a very robust measuring principle as it only calls for an initial 

calibration after the microsensor element has been inserted. 

We changed the reduced relative clause only calling for into the adverbial clause as it only calls 

for..., which was introduced by the conjunction as, followed by the referential pronoun it. The 
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nominalisation insertion was then changed into the verb group has been inserted and placed after 

the microsensor element, which then became the subject of the adverbial clause denoting time. We 

changed the above two syntactic structures and defined it as one AOI to avoid any possible 

ambiguity that may arise from the reduced relative clause combined with the nominalisation. This 

means that in our subsequent analysis we have to take into account that both of these syntactic 

structures may have an influence on the eye movement data. 

 

C 13: The reader unit used to interrogate the microsensor element was a home-built light-

emitting diode (LED)/Avalanche photodiode-equipped, time-resolved fluorometer 

(measuring lifetime in the frequency domain) fitted with custom-made optics suited for 

reading the fluorescence from the AF594 fluorophore used in the assay. 

D 13: The reader unit used to interrogate the microsensor element was a home-built light-

emitting diode (LED)/time-resolved fluorometer equipped with an Avalanche photodiode 

(measuring lifetime in the frequency domain) which is fitted with custom-made optics 

suited for reading the fluorescence from the AF594 fluorophore used in the assay. 

In this sentence, we split up the premodified construction avalanche photodiode-equipped, time-

resolved fluorometer by changing the adjectives avalanche photodiode-equipped into a reduced 

relative clause equipped with an Avalanche photodiode, in which equipped was turned into a verb 

and was followed by the conjunction with. The reduced relative clause was placed after the head of 

the premodified structure, i.e. fluorometer. Then, we changed the non-finite relative form fitted with 

into the finite relative form which is fitted with introduced by the personal pronoun which. Though 

we attempted to have only one AOI in each sentence, we made two alterations and hence defined 

two AOIs in this sentence. This meant that we, apart from the instance of premodification, changed 

the non-finite relative form in the reduced relative clause because the sentence already contained 

several reduced relative clauses, i.e. ...fitted with..., ...suited for... and ...used in.... As in the previous 

sentence, we have to take into account that the alteration of the premodified structure could have an 

influence on the participants’ eye movement data on the finite relative form. 

 

C 14: Preclinical Experiments. The 10 animals used were female pigs. 
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D 14: We used 10 female pigs for the preclinical experiments. 

Here, we changed the non-finite relative form used by explicitating the subject, i.e. we, and deleted 

the ‘headline’ Preclinical Experiments and made it part of the sentence by adding the preposition 

for. We defined the entire sentence as one AOI because the sentence structure as a whole was 

changed as a result of the explicit reference to the subject. 

 

C 15: The study was approved by the local ethical committee. 

D 15: The local ethical committee approved the study. 

We changed the passive construction was approved into the active construction approved and made 

the local ethical committee subject of the sentence. We defined the entire sentence as one AOI 

because the sentence structure as a whole was changed as a result of the alteration of the passive 

construction. 

 

C 16: The reference used in the preclinical experiments was venous whole blood glucose 

and as control a CGMS Gold™ system was used. 

D 16: In the preclinical experiments we used venous whole blood glucose as reference, and 

as control we used a CGMS Gold™ system. 

We moved the adverbial in the preclinical experiments to initial position and changed the reduced 

relative clause The reference used in the preclinical experiments was venous whole blood glucose 

into the construction we used venous whole blood glucose as a reference. The previous subject of 

the sentence, reference, was placed after the object venous whole blood glucose using the 

preposition as making reference an object complement. The passive construction a CGMS Gold™ 

system was used was changed into an active construction we used a CGMS Gold™ system. We 

chose not to define an AOI in the sentence as we made several alterations and it would therefore not 

be clear which one would have the decisive effect on the participants’ eye movement behaviour in 

our subsequent analysis. The alterations were done simply because we wanted to specify the subject 

and maintain an active voice in the optimised version. 
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C 17: Clinical Experiments. A study to show the performance of the PreciSense system in 

humans was performed. 

D 17: In the clinical experiments we performed a study to show the performance of the 

PreciSense system in humans. 

Here, we deleted the headline Clinical Experiments and made it part of the sentence, and we 

changed the passive construction was performed into the active construction we performed. We 

chose not to define an AOI in this sentence even though we changed the passive construction into 

an active construction. Again, the alteration was done simply because we wanted to maintain an 

active voice in the optimised version. 

 

C 18: Reference venous blood glucose samples were drawn every hour during the day and 

evening of the trial days, and the samples were analyzed by a Beckmann glucose 

analyzer. 

D 18: Samples from venous blood glucose were drawn as reference every hour during the 

day and evening of the trial days, and the samples were analyzed by a Beckmann 

glucose analyzer. 

We split up the premodified structure reference venous blood glucose samples by moving the 

adjectives venous blood glucose and placing them after the premodified head, samples, connected 

by the preposition from. The former adjective reference was placed after the verb group were drawn 

using the preposition as which made reference an object complement. 

 

C 20: The fact that the PreciSense glucose estimates shown are based on one calibration set 

only during the entire 70 h of testing proves the ruggedness of the microsensor. 

D 20: During the entire 70 h of testing, the PreciSense glucose estimates shown are based 

on only one calibration set, which proves the ruggedness of the microsensor. 

In this sentence, we deleted the fact that and moved the adverbial of time during the entire 70 h of 

testing to initial position. We found the phrase ...are based on one calibration set only during the 

entire 70 h of testing... to be rather ambiguous in that it may be read as either the verb set as part of 

a reduced relative clause or as the noun set being part of a noun group, i.e. calibration set. From the 

context, however, what is referred to here is the noun group, so to clarify this we relocated the 
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adverbial only during the entire 70 h of testing and inserted the relative clause ...which proves... 

after calibration set. We anticipated that the relocation of the time adverbial together with the 

relative clause would eliminate the assumed ambiguity, which is why we chose to define the entire 

sentence as one AOI. 

 

C 23: In conclusion, results point toward the possibility of developing a stable and precise 

minimally invasive commercial glucose reader for at least 2 weeks of continuous use. 

D 23: In conclusion, results indicate that it is possible to develop a stable and precise 

minimally invasive commercial glucose reader for at least 2 weeks of continuous use. 

We turned the nominalised-like structure possibility into a that-clause that it is possible to, which 

prompted a change of the verb point toward into indicate. We initially wanted to analyse the effect 

of the nominalised-like structure, but after assessing the AOI we found that the eye movement data 

were of poor quality, so we chose to disregard it. 
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1.13 Appendix 15 

 

Combination of Several Syntactic Structures 

In the following, we assess two sentences that contain several complex syntactic structures. First, 

we assess how the alteration of a reduced relative clause and two premodified structures of which 

one contains the nominalisation transmission affect the participants’ processing activity (see text A 

and B, scene 2). Then, we assess how the alteration of a reduced relative clause, two passive 

constructions and a nominalised-like structure affect the participants’ processing activity (see text A 

and B, scene 4). 

A H1N1-like receptor usage, indicating more efficient human-to-human transmission   vs. 

A usage of an H1N1-like receptor, which indicates that the virus transmits more efficiently 

from human to human 

Reading times are 49.2 msec for the original version and 62.2 msec for the optimised version, 

which shows that reading time for the optimised version is actually 13.0 msec longer than for the 

original version. However, if we consider first-pass reading times, the participants spent 47.9 msec 

reading the original version and 50.6 msec reading the optimised version, which means that first-

pass reading time for the optimised version is only slightly longer than for the original (2.7 msec). 

Fixation counts for the AOI in text A are 53 with a median value of 12 and 99 with a median value 

of 25 for the optimised version. Still, the optimised version is 31 characters longer than the original 

version which is why a higher number of fixations is also expected. Looking at fixation count per 

character, it is 0.16 for the original structure and 0.22 for the optimised version, which is a 

difference of 0.06. The higher number of fixations in the AOI in text B, though first-pass reading 

time is only slightly higher, is related to the participants making several but shorter fixations on first 

reading in text B. In the AOI in text A, we see regressions in three of the participants’ gaze 

behaviour. There are 9 regressions in total of which three fall within the premodified structure, A 

H1N1-like receptor usage, and six regressions which fall within the premodified structure, more 

efficient human-to-human transmission. In the altered version in text B, only one participant makes 

a total of 4 regressions, of which one falls within the postmodified structure, A usage of an H1N1-

like receptor, and three regressions fall within the relative clause, which indicates that the virus 

transmits more efficiently from human to human. The considerable lower number of regressions in 
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the optimised version indicates that an easification of these three syntactic structures requires less 

processing effort for the participants. However, the increase in reading time of 13.0 msec for the 

optimised version does not support this. 

In the following, we assess how the alteration of a reduced relative clause, two passive 

constructions and a nominalised-like structure affect the participants’ processing. We focus 

primarily on reading time and fixation count seeing that readers inevitably will make regressions 

across long passages of text as most regressions are made unconsciously. In addition to this, the 

AOI contains several numbers and abbreviations which mean that the participants frequently make 

regressions and/or reread these elements. 

 

Using the same approach, amino acid substitutions F71S, T128S, E302K, M314L in the 

A/H1N1 HA1 essential for the human interaction pattern of these viruses were identified and 

residues 94D, 196D and 274D of A/H1N1 HA1 were predicted as "hot-spots" for mutations 

that may significantly increase the propensity of this virus to interact preferentially with 

human host proteins   vs. 

Using the same approach, we identified the amino acid substitutions F71S, T128S, E302K, 

M314L in the A/H1N1 HA1, which are essential for the human interaction pattern of these 

viruses. We predicted the residues 94D, 196D and 274D of A/H1N1 HA1 as "hot-spots" for 

mutations that may significantly increase the virus’ tendency to interact preferentially with 

human host proteins 

As regards scene 4 in text A, Using the same approach....with human host proteins, reading time is 

75.4 msec and for the corresponding optimised version reading time is 64.6 msec; a difference of 

10.8 msec. Fixation counts for the AOI are 407 with a median value of 102 and 372 with a median 

of 93 for the optimised version. As these two versions differ by only three characters (text A: 373, 

text B: 376), the median difference of 9 fixations provides a fair presentation of the fixation count. 

Nonetheless, fixation count per character is 0.27 for the original version and 0.25 for the optimised 

version, which is a difference of 0.02. Generally, long fixations were seen on numbers and 

abbreviations in both versions, which we also expected. Additionally, the eye movement record 

shows that the participants make several regressions and make long fixations in the original version 
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(cf. the circled areas), i.e. the reduced relative clause, the two passive constructions and the 

nominalised-like structure (see figure 8 below). 

 

 
Figure 8: ClearView gaze plot of one participant’s gaze behaviour for scene 4 in text A. 

We see that the participant makes several regressions in the reduced relative clause, essential for, 

and some regressions in the passive constructions, were identified and were predicted, and the 

participant makes a long fixation on the term propensity. From the figure, it is also evident that the 

participant generally fixates longer on numbers and abbreviations. Looking at the corresponding 

optimised version, the gaze behaviour is somewhat different. 
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Figure 9: ClearView Gaze Plot of one participants’ gaze behaviour in scene 4 in text B. 
 

As can be seen from figure 9, the participant does not make any regressions in the active 

constructions, we identified and We predicted nor in the relative clause, which are essential for, and 

only short fixations are seen on the genitive construction, the virus’ tendency. From the gaze plot, 

we see that the participant goes back from viruses in the second line and rereads A/H1N1 HA1 and 

then goes back and rereads the numbers in the first line. So, the saccade lines on the relative clause, 

which are essential for, are merely a matter of the participant rereading numbers and abbreviations 

and most likely not a matter of increased processing effort in this part. The long fixation on We in 

the second line is probably not a question of the participant experiencing difficulties in processing 

the pronoun, but rather a question of a sentence wrap-up effect. The additional processing at the 

beginning of the sentence can be ascribed to the participant trying to understand the previous 

sentence containing several numbers and abbreviations. The shorter reading time and the lower 

number of fixations together with the participants generally making fewer regressions and shorter 

fixations in the areas in which we have made alterations indicate that the changes we have made in 

the optimised version have facilitated processing. 
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1.14 Appendix 16 

 

Example of ClearView gaze plot with defined AOIs 
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