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Abstract. The purpose of this study was to examine theory-based connections between the levels of text 
comprehension, eye movements and conceptual change. In Experiments 1 and 2 university students (N = 15 and 
23) read a text on photosynthesis, explained their reading processes retrospectively (cued with their own gaze 
videos), and answered written pre- and post-tests. In Experiment 1, categorizations were developed for (i) the 
expressions in retrospective reports referring either to situation model or textbase construction and (ii) eye 
movement processing. In Experiment 2, high prior knowledge lead to the greatest extent of explanations 
referring to situation model construction, whereas when no shift from initial conceptions to scientific-like 
conceptions occurred, the percentage for this category was the lowest. In the retrospective reports, look-backs to 
previous sentences received a relatively high portion of explanations referring to textbase construction and re-
readings within a sentence explanations referring to situation model construction. 
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Introduction 

A reader forms two kinds of usable mental representations during reading, the textbase and the 

situation model, the latter resulting from conscious inferencing (Kintsch & Rawson, 2005). The 

experience of conceptual change, i.e. the reorganizing of knowledge structures, is also considered to 

be an effortful and intentional process (e.g., Sinatra & Mason, 2008). Conceptual change during 

reading can be assumed to appear as changes in situation models, where the initial conceptions of 

learners are gradually replaced with scientific conceptions (e.g., Mason, Gava & Boldrin, 2008). In 

addition, readers may process complicated texts by either re-reading a difficult sentence or returning to 

previous sentences (e.g., Hyönä, Lorch & Rinck, 2003). It could be hypothesized that all three, 

situation model construction, conceptual change and regressions during reading are linked, the last one 

being a traceable (and potentially strategic) indicator of the high-level cognitive processes. We will 

present two experiments, in which the reading processes of university students were examined with 

written pre- and post-tests, eye tracking, and participants’ cued retrospective reports for their eye 

movement processing. We hypothesize that explanations expressing the construction of a situation 

model are related to the experience of conceptual change, and also examine the possible relations 

between text processing and the construction of situation model and textbase as well as text processing 

and conceptual change. 

 



Experiment 1 

 

Method. Fifteen students from the University of Turku answered written pre- and post-test 

questionnaires and studied a text on photosynthesis in a laboratory setting. Eye movements during 

reading were recorded using a Tobii 1750 Eye Tracker. After post-test, the researcher and the 

participant watched a gaze video of the participant’s reading process, and the interviewer asked 

questions on why the reader had fixated a lot on/re-read/looked back to a particular sentence or word. 

The interview was video recorded. The entire session lasted from one to two hours. 

 

Results. Situation model construction was assumed to be expressed through thinking outside the text 

contents, whereas textbase construction would be tightly connected to text contents. Following ways 

of expressing situation model and textbase construction emerged from the participants’ explanations. 

First, situation model construction contained the elaboration of the text contents, relating the text 

contents to prior knowledge, or explicitly stating the building of a coherent model on the phenomenon. 

Second, textbase construction consisted of expressions referring to the remembering of the text 

contents or the checking, combining or understanding the text itself without a reference to prior 

conceptions or information sources outside the text. It was noted that conceptual change was indeed 

manifested in the explanations referring to situation model construction, supporting the notion that 

these theoretical frameworks are linked. The examination of eye movements demonstrated that in 

addition to instant re-readings of a sentence or look-backs to previous sentences, the participants were 

also able to explain atypically long fixations. Based on these findings, guidelines for the categorization 

of the retrospective reports as well as eye movement processing were created for Experiment 2. 

 

Experiment 2 

 

Method. The participants were twenty-three students from the University of Turku. The procedure was 

similar to Experiment 1 apart from the presenting of a one-page refutational passage prior to reading. 

This passage directly refuted three unscientific conceptions related to the nourishment supply of plants 

observed to appear in Experiment 1. In the data analysis, first the participants’ prior knowledge and 

learning outcomes were analysed based on the pre- and post-test questionnaires. Second, eye 

movement processing was categorized as occurring within one, two or three or more sentences. The 

fourth category consisted of atypically long fixations. Third, post-reading explanations were 

categorized as representing situation model construction, when they demonstrated thinking outside the 

text contents, or textbase construction, when they consisted of expressions referring to the 

memorization of the contents or text processing without a reference to information outside it (see 

Experiment 1). Also a third category, no explanation, was added. Two judges independently marked 

explanations considered relevant according to the criteria described above with an interrater reliability 

of 73 %. Explanations marked relevant by either of the judges were included in the analysis. The 

judges independently categorized all relevant comments with an interrater reliability of 94 %. 

Differences were settled through discussion. 

 

Results. The participants were classified into conceptual change (CC) group (N = 9), no-CC group (N 

= 5) or as experts (N = 9). First, no significant differences emerged between the three learner groups in 



the relative amounts of the four eye movement processing categories. However, the three groups did 

differ in their relative amounts of no explanations and situation model construction
1
 (Kruskal-Wallis 

analysis: χ
2
(2) = 6.22, p < .05 and χ

2
(2) = 9.84, p < .01, respectively); the no-CC group demonstrated 

the largest percentage of no explanations and experts the largest percentage of situation model 

construction. In addition, the percentages of eye movement processing categories within the three 

explanation categories (Table 1) revealed significant differences in processing within one and within 

three or more sentences; the former received a relatively high portion of expressions referring to 

situation model construction, and the latter to textbase construction (Friedman test: χ
2
(2) = 6.56, p < 

.04 and χ
2
(2) = 18.10, p < .001, respectively). 

 

Table 1: The Mean Percentages (with SD’s in Parenthesis) for the Four Eye Movement Processing 

Categories within All Three Explanation Categories. Data from 19 participants. 

 Processing categories 

Explanation categories Processing 

within one 

sentence 

Processing 

within two 

sentences 

Processing 

within three or 

more sentences 

Atypically long 

fixations 

No explanation 57.07 (33.62) 19.13 (28.31) 11.90 (24.30) 11.91 (24.94) 

Textbase construction 63.56 (16.74) 6.09 (6.92) 20.59 (16.08) 9.76 (12.50) 

Situation model construction 76.62 (29.51) 8.22 (16.44) 0.58 (2.55) 14.58 (27.33) 

 

Conclusion 

The theoretical separation between the levels of text comprehension was visible in the ways learners 

explained their reading processes. Through this distinction, differences between learners with 

qualitatively differing learning outcomes were manifested. The findings give support to the theoretical 

relationship between conceptual change and situation model construction. It also appears that textbase 

may be constructed by looking back to previous sentences, whereas instant re-readings may be, at least 

to some extent, also linked with problem-solving and model building on a deeper level of 

comprehension. 
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