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Abstract 

In this study, we examined how students made changes in their summaries of 
complex scientific texts, supported by a technology-enhanced feedback system. Referring to 
system-generated indices that describe student mental models of texts, we conducted 
qualitative reviews on selected cases in which students in a graduate-level course wrote at 
least two revisions of the summaries of texts. Learners used feedback to introduce more 
relevant concepts and build an integrated structure in a text by connecting concepts across 
adjacent sentences.  

Introduction 
Summary writing is an instructional strategy that promotes students' deep 

understanding of main ideas and their inter-relations in a text. Also, summaries reveal the 
extent to which learner mental representations have changed as a result of instructional support 
(Graesser, Singer, & Trabasso, 1994; Kintsch, 1988). Accordingly, it is important to understand 
strategies that learners use to improve their summaries when they are provided with 
constructive, extended feedback on their products. To that end, the present study builds on a 
previous study (Kim, McKarthy & Heidari, 2020) that explored various indices used for the 
assessment of students' summaries in surface, structural, and semantic dimensions. Structure-
related indices demonstrated that students made significant changes in their summary during 
revisions (e.g., the systematic order in which concepts are organized and related in the mental 
model). The present study further examined the nature of linguistic modifications via 
qualitative analysis of selected learner summaries from initial to final versions.  The findings 
of the study specified what linguistic changes made in summaries as a result of feedback and 
defined the structural aspects related to quantitive indices.  

Text-Based Analytics 
 Text-based approaches to reading comprehension assume that reading or discourse 
comprehension is based on simultaneous activation of processes occurring at three different 
dimensions of surface code, textbase, and situational models. Surface code relates to linguistic 
components at the word and phrase levels, constituting the linguistic content of a text (e.g., 
lexical frequency). Textbase and situational models relate to essential inferences that connect 
ideas from different parts of the text and that connect information from the text to information 
in prior knowledge (e.g., discourse-level cohesion– that is, the degree to which information is 
connected across the text). All these dimensions relate to how students form an organized, 
inclusive, and cohesive mental model of a complex text. 
 In a previous study, we used text-based analytics tools such as Tool for the Automatic 
Analysis of Lexical Sophistication (TAALES, Kyle et al., 2018) and the Tool for the Automatic 
Analysis of Cohesion (TAACO, Crossley et al., 2016) that provide indices at the surface, 
structure, and semantic levels, demonstrating the potential of the indices to track changes in 
the three dimensions. For example, Table 1 summarizes structure-related indices. However, it 
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was unclear what structural aspects of learner comprehension were addressed by the indices 
and how students made changes in the structure of their summary in response to feedback 
information. To answer the remaining questions, this study conducted qualitative reviews of 
selected cases. 
Table 1. Structure-Related Indices 

Index Definition 
Overlap N-1S A measure of lexical overlap across sentences and refers to the 

number of sentences whose lemma overlaps with the next two 
sentences in the running text. 

Overlap lemma-2S A measure of lexical overlap across sentences and refers to the 
number of sentences whose content words (Noun, Adjective, 
Adverb, Verb)  overlaps with the next two sentences in the running 
text. 

Overlap CN- 2S A measure of lexical overlap across sentences and refers to the 
number of noun lemma (base of a word) types (unique, non-repeated 
words) that occur at least once in the next sentence. 

Overlap N-2S A measure of lexical overlap across sentences and refers to the 
number of sentences whose lemma noun ( base form of a noun)  
overlaps with the next two sentences in the running text. 

Overlap ARG-2S A measure of lexical overlap across sentences and refers to the 
number of sentences whose  noun and pronoun lemma (base form) 
overlap with the next two sentences   in the running text. 

 

Data Collection and Analysis 
 We used 47 cases in which students in a graduate-level course wrote at least two 
revisions of the summaries of texts in the Student Mental Model Analyzer for Research and 
Teaching system (SMART; Kim, 2019). SMART analyzes students' summaries of readings to 
assess the quality of their summary and then drive formative feedback to help students revise 
their summary. For all the cases, we analyzed the magnitude of changes in the structure-related 
indices and selected three extreme cases (see Table 2): One stayed at a similar level (Student 
4), another showed the most negative change (Student 15), and the other demonstrated the most 
positive change (Student 23). Then, we deployed a case study approach to examine students’ 
different patterns of revisions in response to SMART feedback. We conducted visual 
inspections of selected students’ initial and final versions of the summaries, referring to the 
numerical information of the structure-related indices.   
Table 2. Initial vs. Final Case Data 

Version 
Word 
Count Overlap 

N-1S 

Overlap  
lemma-

2S 

Overlap  
CN- 2S 

Overlap  
N-2S 

Overlap  
ARG-2S 

Nature of 
Change 

S4Initial 230 1.00 0.84 0.11 0.53 0.61 Minimal 
 S4Final 237 1.00 0.84 0.10 0.61 0.69 

S15Initi
al 

127 0.70 0.50 0.06 0.40 0.40 Nagative 
 S15Final 283 0.60 0.42 0.04 0.34 0.34 

S10Initi
al 

259 1.00 0.70 0.07 0.50 0.50 Positive 
 S10Final 296 1.00 0.81 0.10 0.77 0.77 
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Findings and Discussion 
Minimal Change: Student 4 

Student 4 has generated a draft that indicates minimal changes as a result of the 
feedback. The word count for the initial version is 230 words and 237 words for the final 
version. The changes made in the final version include modifications of the content to match 
key concepts in terms of accurate terminology. For example, the initial version reads as “It is 
the responsibility of the program designer to ensure the program has objectives, relevant 
content, expectations and involves leadership” becomes more aligned with the theme of the 
reading as it is changed to “ It is the responsibility of the instructional designer to ensure the 
technology-based learning has impact objectives, application objectives relevant content, 
business impact, expectations and involves leadership.” As to structural changes, the student 
revised his summary, overlapping nouns across adjacent sentences and the next two sentences.   

Negative Change: Student 15  
Student 15's final version shows negative change, referring to structural indices. The 

initial version has a word count of 127 words, and the final version consists of 283 words. We 
expected that the revision work with more words could show improved structure. However, 
consistent with the indices, our qualitative inspection showed new concepts introduced in the 
final version tended to be disconnected from the current concepts.  

Positive Change: Student 10 
We detected notable positive changes from the initial to the final version of the student's 

summary. Student 10 added more key concepts and linked new concepts to existing concepts. 
The final version shows more nouns and pronouns overlap across adjacent sentences and the 
next two sentences. The student might notice that some important concepts and their relations 
were missed, and in response, attempt to include them cohesively during revisions.   
 

 
 

Conclusion 
Qualitative analysis of three cases indicated that learners use feedback to align their 

summaries with the expert model, integrating more relevant key concepts. The most common 
pattern for the development of cohesive and coherent summaries was through the use of 
overlapping nouns and pronouns across adjacent sentences and the next two sentences.  
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