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1. Final publishable summary report 

The present project aimed to study the role of short-term working memory and long-term semantic (i.e., general knowledge) and episodic (i.e., specific text) memory associations in the generation of knowledge-based inferences during reading comprehension. To do so, an interdisciplinary methodological approach was employed, integrating computational modelling, eye-movement tracking, and response-based cognitive experiments.

Computational Modelling 

Semantic Memory Associations. To study the role of semantic memory in inference generation, semantic association strengths between textual and inferred ideas, as generated by human readers in previous behavioural studies, were computed using Latent Semantic Analysis (LSA) algorithm (Landauer & Dumais, 1997). LSA computes the strength of semantic associations between any pair of words or larger linguistic units (e.g., sentences and paragraphs) by assessing the frequency that a word-pair co-occurs in the same context within large text corpora. The more frequent the co-occurrence of a pair of words, the stronger the semantic association score between them. 

In 18 out of 21 experimental tests, LSA successfully predicted the activation of predictive and bridging inferences compared to control unrelated ideas as well as the relatively stronger activation of bridging over predictive inferences. Stronger LSA scores of semantic associations were observed for those inferences that were generated by human readers (indicated by response times to probes). These results have important theoretical implications particularly with regard to the activation of bridging inferences and their superiority over predictive inference. In contrast to previous assumptions, the present findings suggest that bridging inferences can be generated via autonomous spreading activation processes, similar to predictive inferences, rather than by a strategically controlled search in background knowledge. Furthermore, their stronger activation compared to predictive inferences can be explained by stronger associations with the preceding text because bridging inferences are associated with two or more textual units that are bridged by the inferred information -rather than by their supposedly crucial role in comprehending texts. 

Reading Comprehension Model. Although LSA generally was successful, its failure to simulate some of the behavioural findings indicates the need to include additional cognitive components in simulating and explaining inferential processes. Thus, LSA computations were integrated into the Landscape Model (Yeari and van den Broek, 2011) which simulates dynamic cognitive processes (e.g., activations and reactivations of textual concept representations) and structures (e.g., working memory and episodic memory connections between textual concepts) during sequential reading comprehension, clause by clause. An initial connection matrix between all textual concepts was computed by LSA before the start of a reading simulation by the Landscape Model (in the original version, initial connections were set to zero). This matrix served as relevant general knowledge a reader possesses before reading a target text. Inferred concepts were added to the simulation in the exact positions were they has been found to be generated in the behavioural studies. 

Using this integrated model allowed us to successfully simulate two critical findings which were not predicted based on semantic associations alone. A simulation of Klin's et al. (1999) study demonstrates the role of working memory in defining the relevant portions of text that spread their activation through semantic memory. A simulation of Singer and Halldorson's (1996) study demonstrates the role of within-episodic memory connections between textual ideas themselves in determining their level of activation and consequently their strength in activating the inferred information. More simulations were conducted on behavioural data collected in our lab. These studies and their simulations will be reviewed in the next sections.  

Response-based Cognitive Experiments

Working memory and inferences. Many studies showed that readers with a high working memory span generate more inferences than those with a low span. However, there is less agreement about the type of activated inferences – predictive vs. Bridging- and the manner – text maintenance, text reactivation, or text inhibition – that working memory affects. In this study we compared the activation of predictive and bridging inferences and the activation, reactivation and inhibition of critical text concepts, using a probing procedure. This was done with both high and low span readers. Readers read short texts and then named as quickly as possible an inferred or textual word. Working memory was assessed using a reading span test. 

No differences were found between high and low span readers in their ability to generate predictive and bridging inferences nor in their ability to maintain or reactivate prior relevant textual information. The only difference between the two groups pertained to inhibition: High span readers could better suppress textual information when it is less relevant. This filtering ability usually leaves mental resources to generate relevant inferred information, although this was not found in the present study. More research is needed to clarify the factors in this experiment that led to the specific results.   

Computational Simulation. Since our model is missing an inhibition component, our main goal in simulating the working memory data was to predict the strength of inference activation following the different texts we used in the experiment. We compared the means of response facilitation found for inferred probe words (the difference between naming responses to target and matched control probes) with the activation levels that these words reached following our computational simulation. Simulating 30 out of 80 texts, we found significant correlations for both predictive (r = 0.5) and bridging inferences (r = 0.42), with higher activation corresponding to stronger facilitation. These results further demonstrate the ability of our computational model to mimic inferential processes during reading comprehension.  

Eye-Tracking Experiments

Reading Goals. In this study we examined the effect of reading goals (entertainment, multiple choice questions test, open-end questions test, and presentation/teaching) on "online" general reading-gaze patterns (the whole text) and selective reading-gaze patterns (central vs. peripheral information), using eye tracking equipment (e.g., first pass reading durations, number of backward and forward regressions, pupil size). 

We found that reading goals affect the general reading time and number of regressions, with faster reading and fewer regressions when reading for entertainment, yet no effect was found for first pass reading duration of new information. First pass reading duration, but not total time and regressions, was determined solely by the centrality of information, with slower first pass reading of central information at all reading goals. Pupil size was affected both by reading goals and information centrality (no interaction between them), with smaller pupil size (implies for less mental resources used) for entertainment and peripheral information. These results shed light on individual and textual factors that influence readers' focus and mental efforts during reading comprehension. 

Text Highlighting. In this study we explored the effect of additional text factor—text highlighting—on reading-gaze pattern and "offline" measurements of text recall and comprehension. We compared three conditions of highlighting: (a) High-quality - central information highlighted, (b) Low-quality - peripheral information highlighted, and (c) No highlighting. 

Interestingly, no significant differences were found for gaze patterns regarding central information at the different types of highlighting. The same amount of attention was allocated to central information independent of highlighting. A highlighting effect was revealed for the peripheral information in which, compared to no-highlighting condition, high-quality highlighting significantly reduced the total gaze duration and number of regressions to peripheral information, whereas low-quality highlighting significantly increased the same measurements. These results illuminate the effect of good versus bad highlighting. Note that text recall (number of propositions recalled) and comprehension performance (number of correct answers)  did not differ between the different highlighting conditions, possibly due to the evidence that central information, which is crucial for recall and comprehension, received the same amount of attention in the three highlighting conditions. Central information was also better recalled than peripheral information in all highlighting conditions. 

Computational Simulation. The main goal of simulating the eye-tracking studies was to test whether the integrated model can predict the processing differences found for text information at different levels of centrality. In this simulation, the basic units were clauses rather than individual words. We compared the centrality score and recall frequency of each text clause, as obtained in the no-highlighting condition of the eye-tracking study, with the sum of connection strengths that each clause established with the other clauses of the same text, following the computational simulation. We expected that successful simulation would yield stronger connections of the more central, better recalled clauses with the other clauses. Taking all texts together, a significant correlation was found between the sum of clauses' connection strengths and centrality score (r = 0.21) and recall frequency (r = 0.18). Note that correlation with centrality score (but not with recall) was improved when sum of activations during the simulation (rather than connections) was used (r = 0.24). Moreover, correlations were higher (up to r = 0.5) for individual texts. For 7 out of 9 texts, correlations have reached significant. These results further validate the computational model. 

Summary 
The present project succeeded to develop a successful computational model that integrates, for the first time, dynamic reading processes with knowledge-based structures, and simulates inferential processes in a fully automatic manner, independent of experimenter's intervention. This model was applied in different ways in the present project, and can be further used for simulating many other comprehension phenomena in the future (e.g., the relative effect of semantic and episodic associations to comprehension). Alongside the computation endeavour, this project yielded important results regarding various elements of the reader (working memory, filtering irrelevant information, reading goal) and the text (information centrality, highlighting) which may underlie successful reading comprehension. 
2. Use and dissemination of foreground

As noted in the previous section, the project yielded numerous findings in different topics using different methodologies. Some of these findings already presented at different meetings and the remainder of the studies are planned to be presented in the coming year. 

The computational model was described and applied to discourse analysts work by a scientific publication in Discourse Studies journal. It was also presented, together with other behavioural findings, at international scientific conferences (e.g., the annual meeting of the Society of Text and Discourse), and in meetings in the Netherlands (e.g., The Leiden Institute for Brain and Cognition, Students seminar taken at the Education Department of Leiden University) and in Israel (e.g., the Education Department at Haifa University, the Learning Disabilities Department at Bar Ilan University). Note that the presentation in Israel has eventually led to the post-doctoral fellow obtaining a tenure track academic position at Bar Ilan University. This personal success guarantees the continuation of this project beyond the fellowship period and the dissemination of the project's theories and findings in more scientific publications and international forums. One manuscript is now under its final stages, and others are planned to be written in the following months. 

More projects, based on the paradigms and methods described above, are planned now to be executed at the current department of the post-doc fellow. His affiliation to the Learning Disabilities program at Bar Ilan University has made the opportunity to explore compensative reading strategies of dyslexic students. We would like, for example, to examine whether dyslexic readers, who struggle in their words-level reading, could at least discriminate between central and peripheral information, and properly adjust their mental efforts according to their reading goal (e.g., entertainment vs. study), in order to manage efficiently the mental resources they invest in reading texts beyond words decoding.                            
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3. Scientist in charge questionnaire

RESEARCH TRAINING (IEF-IOF)/TRANSFER OF KNOWLEDGE (IIF) ASSESSMENT:

	What is the size of the hosting research group?
	5


	How many researchers have you supervised, within the past 10 years? Of which funded by:

	EC/Marie Curie actions
	1 (this researcher)

	EC Other Funding
	

	If yes please specify contract number, programme and directorate general in charge
	

	University fellowships
	2

	National public bodies
	2

	Industry
	

	Other, please specify:
	Until 2008 I worked at the University of Minnesota, USA. There I held several federal grants with 6 PhD students, and several undergraduate assistants. 


	How many researchers have you supervised within this project?
	1

	Corresponding to how many person months?
	24


	Number of publications resulting directly from the research project:

	Recruited researcher(s) and yourself
	1 (3 more in preparation)

	Recruited researcher(s) alone
	

	Recruited researcher(s) with authors other

than yourself
	1


	Participation of the fellow researcher at conferences (number):

	Passive
	2

	Active
	1

	How do you rate the overall success of the research training (IEF, IOF)/ transfer of knowledge (IIF)?
	excellent


	General assessment: Researcher acquired knowledge of theory and methods very quickly, transferred this into concrete studies. In addition to content training, researcher also acquired training in English composition, scientific writing.


RESEARCHERS ASSESSMENT:

	Rate the overall level of the fellow researcher integration in the research team and the

host organisation with regards to:

	participation in meetings/seminars
	Excellent. Always present at weekly lab meetings

	discussions of results and project-related

topics
	Very strong participation and, indeed, leadership in the lab meetings. Good role model for PhD students

	co-operation with other team members
	Excellent.

	co-operation with other researchers of the

host institution
	In so far possible, good. Extension to research with colleagues in clinical pedagogy and linguistic departments, for instance


	Rate the overall performance of the fellow researcher with regard to:

	originality of fellow approach towards research (initiative/independent thinking)
	Superb. Mature researcher

	capacity to develop new skills and to benefit from training
	Very open to learning new knowledge and skills

	productivity (research

results/publications/international conference attendance)
	High, with more in preparation

	communication skills
	Very good

	group leader skills (collaboration with other groups/project management)
	NA

	training and/or teaching skills
	good

	Please comment:

Altogether, working with this Marie Curie researcher was a rewarding experience. Indeed, we will continue to collaborate, on completion of current projects but most likely also development of new projects.



RESEARCH TRAINING OUTCOMES (IEF-IOF)/TRANSFER OF KNOWLEDGE (IIF):

	Has this project provided additional links with other research groups or institutions?
	no

	If yes, indicate the number of contacts in each case
	

	Universities
	

	Research Centres
	

	Industry/private companies
	

	If Other, please specify:




	Rate the importance of the following outcomes of the research training/transfer of knowledge:

	results of the research
	Very significant

	number of publications
	Very good including manuscripts in preparation

	development of research
	Very good

	establishment of international collaborations
	Very good (Israel, Netherlands, Taiwan)

	transfer of knowledge/technology
	Very good

	training of researcher
	Very good

	further academic qualifications (PhD, habilitation etc.) for fellows
	

	Please comment:

The Marie Curie fellow has done an excellent job in acquainting himself with the theories and technologies used in the hosting lab, and in setting up executing experimental studies 



YOUR OPINION ABOUT THE MARIE CURIE ACTIONS:

	Do you have any other comments or suggestions of how to improve the concerned Marie Curie actions?

No, I think it is an excellent program. It was also a breadth of fresh air that bureaucracy was minimal, so all energy could go to research program. 



	Did you have previous knowledge of the Marie

Curie actions?
	Only  some knowledge, no detailed knowledge


	If yes, what sort of image do you think that the

Marie Curie actions have among the scientific community in your research area?
	Strong. It is unique program


	Attachments:
	


	Date:

Signature Scientist in Charge: 

____________

	Date:
Signature Researcher: 




