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Abstract: An online system supporting a teaching-by-questioning strategy in classrooms was 
developed. The most distinctive designs of the system (i.e., the delay of participants’ response 
display at the instructor’s control, and the re-open of the response space when the accuracy 
rate falls between certain ranges) were explicated. Data on the perceived usefulness and ease 
of use found that more than 90% of the participants agreed that the use of the developed 
system to support the teacher’s in-class questioning helps their learning of the course material, 
and that the system is easy to use. 

Keywords: Active learning, classroom activities, online learning system, teaching-by-
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1. Introduction 

1.1. Background of this work 

Contemporary educational paradigms stress active information processing and meaningful 
knowledge-building on the part of the learner (Slavin, 2014). Current perspectives on educational 
assessment highlight the beneficial effects of continuous, formative evaluation during the learning 
process (Brookhart & Nitko, 2014). Despite this, students at all educational levels tend to have 
passive learning habits. Thus, it is important to design activities to change the status quote.  

One such powerful teaching strategy is teaching-by-questioning. While this strategy has been 
practiced by many educators with effects attested (Chin, 2007; Gall, 1984), its implementation in 
today’s classrooms encounters some difficulties. Particularly, due to the lack of appropriately 
designed support tools, it has been found that students’ attentiveness to the teacher’s in-class 
questioning and equal participation among students are rarely observed (Yu & Liu, 2015).  

In an attempt to promote wider and more equal participation among students, and tap on the 
current generation of students as digital natives, researchers have explored the use of Moodle and 
Facebook (Deng & Tavares, 2013; Hogg, 2014; Liu & Yu, 2016; Yu & Liu, 2015). Even though 
encouraging findings support these tools for teaching-by-questioning in classrooms, the simultaneous 
and instant display of all participants’ responses does not allow the strategy to reach its full potential. 
Many times students appeared to agree to already display answers. As a consequence, answering to 
the teacher’s in-class questioning on these digital platforms tends to encourage group and convergent 
thinking from all participants. 

1.2. Purposes of this work 

To allow students’ knowledge-building and sharing in classrooms not to be restrained by the pre-
mature display of peers’ responses to the teacher’s in-class questioning, which may inadvertently 
induce group think, as implied by the conformity theory (Smith & Bond, 1993), an online system to 
address this problem is proposed. Specifically, the design and development of an online system in 
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support of teaching-by-questioning in classrooms by deferring the instant, simultaneous display of 
students’ submitted responses at the instructor’s command is the main goal of this project. Its learning 
potential and ease of use as perceived by the students are examined. 

2. The Distinctive Designs of the Developed System (MAN: Minds-On! Act Now!) 

In addition to functions supported in most online systems, two distinctive designs are in place in the 
system developed. First and foremost, rather than the instant display of respondents’ answers to the 
teacher’s in-class questioning (as is the case with Facebook and most synchronized online systems), 
MAN embeds the function of deferring the simultaneous display of participants’ responses until the 
response time ends. For customizability, MAN allows the teacher to dynamically and quickly set or 
adjust each of the dimensions of each question posed—question types (true/false, multiple-choice or 
short-answer), response time, the number of options for multiple-choice questions (2~5), correct 
answer, showing/no-showing of students’ responses to each question posed after the response time 
elapses, and showing/no-showing of students’ names alongside their responses (see Figure 1). 

 

 

Figure 1. Instructor question-setting space 

Second, MAN allows the teacher to re-open up the response space, when the accuracy rate of 
the question to be answered is found to be between 30% and 70% for true/false and multiple-choice 
question types (Figure 2). 

 

Figure 2. Re-opening student response space control panel with the accuracy rate of the question 
(top); showing of students’ names alongside their responses/answers with posed time (bottom) 
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3. The Perceived Usefulness and Ease of Use of MAN 

To provide some preliminary evidence on the learning potential and usability of MAN, it was used to 
support teaching-by-questioning in one undergraduate engineering course for six weeks. As a routine, 
teachers asked questions of different types during the instruction for formative evaluation. The 
participants (n=50) used any personal mobile device of their choice to respond to the teacher’s in-
class questioning during the study. 

In light of technology acceptance model which postulates that perceived usefulness and ease 
of use of a technology as the two dominating factors predicting intention to use and future actual use 
of the technology (Davis, Bagozzi, & Warshaw, 1989), two questions targeting these two factors were 
devised for individual students’ completion after their last interaction with MAN. Based on the 98% 
response rate, it was found that more than 90% of the participants strongly agreed (46.94%) or agreed 
(46.94%) to the perceived usefulness statement—‘generally speaking, the use of MAN to support the 
teacher’s in-class questioning helps my learning of the course material.’ In addition, more than 90% 
of the participants felt that ‘using MAN to participate in the teacher’s in-class questioning in the 
course as:’ very easy (42.86%) or easy (51.02%). Not a single participant disagreed with MAN’s 
usefulness for supporting learning, or felt MAN as very difficult to use. 

While students’ initial reactions to the integration of MAN for supporting learning is endorsed 
by the participants, issues with regard to how MAN supports learning and in what aspects are not 
known. Currently, the authors are in the process of analyzing students’ provided explanations with 
regard to their experiences on MAN as compared to Facebook. Once these data analyses are 
completed, the relative advantages of MAN (specially, its distinctive designs) in support of learning 
can be better understood and assessed. 
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Abstract: Construction of models is promising as a learning activity, and computational 
environments are useful for that. However, it can be a heavy task for novice learners to 
construct computational models because it requires considerable instruction and practice of 
programming languages. We designed a basic framework for learning by experiencing 
construction of models on a production system in the domain of cognitive science. In this 
framework, a model abstractly describing human problem-solving processes and its computer 
model implemented on the production system is prepared by an instructor in advance. A 
learner is given the abstract model and processes of problem solving produced by executing 
the implementation model, and then engaged in instantiating the abstract model into an 
implementation model. This activity is expected to deepen learner understanding of mental 
processes embedded in the abstract model. We preliminary studied the effect of learning a 
model which simulates subtraction requiring regrouping in the framework. The results 
confirm the possibility that such experience can improve learner understanding of mental 
processes behind the model, and necessity to expand learning activities in the framework. 

Keywords: Learning by construction, cognitive model, production system, problem solving 

1. Introduction 

Science in recent decades has used two approaches to understand the natures of targets: an analytical 
approach through observation of targets, and a constructive approach through construction and 
simulation of target models. For example, cognitive science research adopted empirical studies of 
human behaviors and running computational models in understanding human mind (Schunn, Crowley 
and Okada, 1998).  

Models are essential to the production, dissemination, and acceptance of scientific knowledge 
(Gilbert, 2004). As well as science research, science education uses models to have learners interpret 
scientific knowledge. Besides the model use, construction and simulation of models by learners has 
also been argued (Clement, 2000; Gilbert, 2004; Harrison, and Treagust, 1998). Model construction is 
promising as a learning activity in understanding complex or invisible targets, and computational 
environments are useful both for researchers and learners because they enable to instantly construct, 
test, and evaluate models. However, it can be a heavy task for novice learners to construct 
computational models because it requires considerable instruction and practice of programming 
languages (Penner, 2000). Therefore, several studies addressed support for model construction by 
learners (e.g., Basu, Dukeman, Kinnebrew, Biswas and Sengupta, 2014; Brady, Holbert, Soylu, 
Novak, and Wilensky, 2015; Hirashima, Imai, Horiguchi and Toumoto, 2009). Support by the studies 



439 

allow learners to construct and simulate models by designing models abstractly describing the 
attributes or behaviors of targets. Instantiation of the models into computer-executable models is left 
to support systems. Here, the former models of abstract description of targets are referred to as 
abstract models, and the latter as implementation models. These studies successfully alerted 
misconceptions, produced conceptual changes, and deepened understanding in scientific phenomena 
through designing abstract models. 

Models on which computer simulations are based correspond to both instructionally 
designed models and interfaces to guide learner model construction (Seel, and Blumschein, 
2009). Thus, the support systems described above may be limited to targets which can be 
represented as models of interaction among agents and objects. Mental processes in problem solving 
by a person, for example, could not be properly modelled on an interface to arrange agents and 
objects. Therefore, learning of human mental processes with computational models must require a 
different approach. 

We designed a basic framework for learning by model construction in the domain of cognitive 
science (Kojima, Miwa, Nakaike, Kanzaki, Terai, Morita, Saito, and Matsumuro, 2016). In this 
framework, a learner instantiates an abstract model initially given into an implementation model. 
Basically, abstract models are critical in learning by construction because they are externalized 
products in understanding of targets. On the other hand, implementation of models also plays a critical 
role in deepening understanding as demonstrated in history of cognitive science. One of the central 
keys in learning by construction is to receive feedback from actual or virtual worlds through 
instantiation of abstract models into implementation models (Nakashima, 2008). Our framework is 
intended to provide opportunities for learners to gain such benefits through model construction with 
lower load. In this paper, we reported a preliminary study to confirm the effect of experience 
construction of a cognitive model.  

2. Support System for Learning by Constructing Cognitive Models 

Figure 1 illustrates the framework for learning of human problem-solving processes by constructing 
cognitive models. In this framework, a learner is given an abstract model of problem solving, and 
processes of the problem solving produced by executing its implementation model. He or she is then 
engaged in instantiating it into the implementation model by himself/herself according to the 
processes. This activity allows to experience construction of a cognitive model with lower load, and is 
expected to deepen learner understanding of mental processes embedded in the abstract model (e.g., 
sophisticating a mental model of learners about a phenomenon the abstract model represents). 
 

Learner

Abstract model Implementation model processes

…

s0 s1 sn
- name: FindDifference
if:
- (Goal FindDifference)
- (Processing ?C)
- (Focus ?C)
- (Slot ?Nlower ?C ROWLOWER)
- (Slot ?Nupper ?C ROWUPPER)
- (*test-greater-or-equal ?Nupper ?Nlower)
then:
- (*delete (Goal FindDifference))
- (*deposit (Goal WriteAnswer))

- name: LeftCarry
if:

…

- name: FindDifference
if:
- (Goal FindDifference)
- (Processing ?C)
- (Focus ?C)
- (Slot ?Nlower ?C ROWLOWER)
- (Slot ?Nupper ?C ROWUPPER)
- (*test-greater-or-equal ?Nupper ?Nlower)
then:
- (*delete (Goal FindDifference))
- (*deposit (Goal WriteAnswer))

- name: LeftCarry
if:

…

Implementation model

instantiation

simulation
and evaluation

 

Figure 1. Framework for learning by constructing cognitive models 
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We implemented a support system for the framework, which adopts a production system as an 
architecture of implementation models. Actually, it uses DoCoPro (Nakaike, Miwa, Morita and Terai, 
2009), a production system designed for learning by constructing models by novice learners. Before 
the system is given to learners, an instructor implements a cognitive model for an abstract model of 
human problem-solving on DoCoPro. The system executes the model and extracts its problem-solving 
processes. It then creates information indicating steps involved in the processes. This information 
includes explanation of a production rule fired and two states in the working memory before/after the 
rule firing for each step of the processes.  

Figure 2 shows a screenshot of the support system. As the left side of the figure indicates, the 
system provides information of each step in the problem-solving processes. For every step of the 
processes, the learner composes a production rule which can change the before-state to the after-state 
with the editor of the right side. The learner can check his/her rule on each step through comparison 
between the after-state and the result from firing the rule. Construction of the implementation model 
is completed through composition of rules for all steps. Although learners cannot experience design of 
problem representation in this framework, it enables the learners who are not familiar with 
programming to experience instantiation of an abstract model and receiving of feedback from the 
instantiation. 
 

 

Figure 2. Screenshot of support system 

3. Preliminary Study of the Effect of Learning by Constructing a Cognitive Model 

We empirically studied whether experience of model construction with the support system had the 
learning effect. We used a model of subtraction requiring regrouping, which was used in a practice of 
our previous study (Kanzaki, Miwa, Terai, Kojima, Nakaike, Morita, and Saito, 2015). Everyone can 
easily solve problems of subtraction, but do it implicitly with procedural knowledge. Such problem 
solving is suitable as a learning target because construction of its model requires deep understanding 
of implicit mental processes automatically performed. 

In the practice of previous study, undergraduates trained model construction on DoCoPro in a 
90-minutes class, which was followed by three classes where they constructed a subtraction model 
and a bug model producing incorrect answers because of bugs in rules. This model construction was 
supported by a function visually representing states in the working memory. 

3.1. Method  

Eight undergraduates who had not experienced in training computer programming participated in this 
study. Prior to the study, they learned model construction on DoCoPro with instructional contents 
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used in the previous study. In this study, they first responded to a pretest. This test asked the 
participants to solve a subtraction problem 317 – 98,” describe general procedures to perform 
subtraction, and infer what made incorrect answers to two problems “9008 – 3149 = 5959” and 
“806303 – 182465 = 623938.” These answers occurred because the solver merely changed 0 into 9 
when digits to borrow a number were 0. The first subtraction problem was not intended to test the 
participants, but to bring procedures of regrouping to their attention before describing subtraction 
procedures.  

Second, the participants learned procedures to compose a model according to processes given 
from the support system with instructional video. They then were given two sheet of paper which 
described an abstract model of subtraction in a state-transition diagram, and explanation of predicates 
used in implementing a model. After the instructions, they actually instantiated the abstract model into 
an implementation model.  

Finally, the participants responded to a posttest including the tasks to describe subtraction 
procedures and infer bugs in the two problems, which were identical to those of the pretest. They were 
then asked to report what they had learned in the instantiation of the model.  

In the analysis of the subtraction-procedures task, we checked whether participants’ 
descriptions included information corresponding to ten rules comprising the implementation model. 
For each rule, participants’ descriptions were categorized into present when including corresponding 
information, incomplete when including corresponding information whose conditions and operations 
were specialized or insufficient, or absent when including no relative information. The information of 
the ten rules was as follows. 

FindDifference1 If the minuend is equal to or greater than the subtrahend in the digit to perform 

subtraction (processing digit) (then move to WriteAnswer) 

WriteAnswer Write the difference between the minuend and subtrahend 

ShiftColumn Shift the processing digit to the left column 

Completed Finish when the difference in the far-left column is written 

FindDifference2 If the minuend is smaller than the subtrahend in the processing digit (then move to 

LeftCarry) 

LeftCarry Shift the digit to borrow 1 (focus digit) to the left column 

GetCarry1 If the minuend in the focus digit is not zero, then subtract 1 from it and shift the focus 

digit to the right 

PutCarry1 Add 10 to the focus digit (and then move to FindDifference) 

GetCarry2 If the minuend in the focus digit is zero (then move to LeftCarry) 

PutCarry2 Add 10 to the focus digit (and then move to GetCarry) 

For example of PutCarry2, descriptions such as “add 10 to the one’s place” and “add 10 to the 
right digit” were categorized incomplete because some subtraction problems are not correctly solved 
with these operations.  

Because the bug inference task was used in the previous study mentioned above, we 
scored the participants’ responses in the same way: two points if the bug causing the incorrect 
answers to the two problems was appropriately described, one point if factors causing the two 
incorrect answers were described with a single consistent rule but not appropriate, and zero 
point if only the phenomena were described or factors were described with two different 
rules.  
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3.2. Results 

All of the participants successfully instantiated the implementation model on the support system. The 
average time it took them to finish the tests and model construction was about 60 minutes. 

The participants successfully solved the subtraction problem in the pre-test. Figure 3 indicates 
the categories for each rule in the subtraction procedures task in the pre- and posttests. The 
participants’ descriptions in the pretest included much incomplete information or no information 
about the lower five rules. These rules are corresponding to procedures to borrow a number in 
regrouping. Descriptions including such information increased, on the other hand, in the posttest. 

The average score of the bug inference task was 0.88 in the pre-test, and 1.13 in the post-test. 
Actually, only two of the eight participants scored higher in the post-test than in the pre-test.  
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incomplete
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Figure 3. Categories for each rule in the subtraction procedures task 

3.3. Discussion 

Figure 3 revealed that the participants’ descriptions about subtraction procedures were improved 
through experience of instantiation into the implementation model on the support system. In the 
pretest, their descriptions omitted much information about regrouping procedures. Although they 
could easily perform subtraction procedures, they could not exactly explain them. The information 
was expanded in the posttest. In the posttest, five out of the eight participants reported findings about 
their implicit, automatized mental processes, such as “the process was complex than I had expected, 
although I perform subtraction in everyday life” and “I found I usually omit some steps when I 
explain procedures of subtraction to someone.” Those facts confirm the possibility that support 
system improved their understanding of mental processes behind the model they learned. On the other 
hand, information about some procedures did not change such as FindDifference 1 and Completed. 
They are conditions to perform subtraction in a column and finish entire subtraction. Perhaps that was 
because of the difficulty in externalizing automatized mental processes. And this difficulty had not 
been overcome thoroughly. 

The scores in the bug inference task did not changed in the pre- and posttests. Because the 
participants did not experience construction of any bug model, performance in this task to infer 
thinking processes by other persons was not improved. 
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The support system recorded 63 errors in log files when the eight participants operated it. 
Twenty of the errors were due to an uninformed specification1 of DoCoPro. Nineteen out of the 
remaining 43 were semantic errors because of positions of variables in predicates, such as inputting 
“(Leftof R L)” in a line which must have “(Leftof L R)2” in the implementation model. The learning 
activity on the support system does not include design of problem representation. The participants 
were only given texts explaining problem representation in the sheets provided. Actually in the 
posttest, some of the participants reported difficulty in comprehending the problem representation, 
such as “Task of programming was heavy, so I did not afford to learn things about the model 
construction” and “I wanted graphical information to understand the processes.” This indicates 
necessity to expand the learning activity in the framework of the support system in terms of 
comprehending problem representation. 

The participants’ descriptions about subtraction procedures were incomplete, even though, 
they might be sufficient as explanation for people. People would unconsciously complete the missing 
condition “the minuend must be equals to or greater than the subtrahend when performing subtraction 
(FindDifference1)” if the operation “borrow one from the left digit when the minuend is smaller than 
the subtrahend (FindDifference2)” is presented. For computers, however, such incomplete 
descriptions are not acceptable. Therefore, having learners examine their own mental processes with 
construction of cognitive models may help in facilitating certain thinking, such as computational 
thinking. Recent research on science education has paid much attention to computational thinking, the 
thought processes involved in formulating problems and their solutions so that the solutions are 
represented in a form that can be effectively carried out by an information-processing agent (Brennan, 
and Resnick, 2012; Yadav, Mayfield, Zhou, Hambrusch, and Korb, 2014). Our framework to provide 
opportunities to construct cognitive models for non-information engineering students might contribute 
development of computational thinking. 

Acknowledgements 

This research was partially supported by Grant-in-Aid for Challenging Exploratory Research 
15H02927 of the Ministry of Education, Culture, Sports, Science and Technology, Japan. 

References 

Basu, S., Dukeman, A., Kinnebrew, J., Biswas, G., & Sengupta, P. (2014). Investigating student generated 
computational models of science. Proceedings of ICLS2014 (pp. 1097-1101). Boulder, CO: International 
Society of the Learning Sciences. 

Brady, C. Holbert, H., Soylu, F., Novak, M., & Wilensky, U. (2015). Sandboxes for model-based inquiry. 
Journal of Science Education and Technology, 24(2-3), 265-286. 

Brennan, K., & Resnick, M. (2012). New frameworks for studying and assessing the development of 
computational thinking. Proceedings of 2012 Annual Meeting of the American Educational Research 
Association. 

Clement, J. (2000). Model based learning as a key research area for science education. International Journal of 
Science Education, 22(9), 1041-1053. 

Gilbert, J. K. (2004). Models and modelling: routes to more authentic science education. International Journal of 
Science and Mathematics Education, 2(2), 115-130. 

Harrison, A. G., & Treagust, D. F. (1998). Modelling in science lessons: are there better ways to learn with 
models. School Science and Mathematics, 98(8), 420-479. 

                                                      
 

 
1 A syntax error occurs in DoCoPro when a rule name includes some specific multi-byte characters. 
2 It is a predicate representing a fact “Column L is located at the left of column R (L and R are 

variables).” 



444 

Hirashima, H., Imai, I., Horiguchi, T., & Toumoto, T. (2009). Error-based simulation to promote awareness of 
errors in elementary mechanics and its evaluation. Proceedings of AIED2009 (pp. 409-416). Amsterdam, 
Netherlands: IOS Press. 

Kanzaki, N., Miwa, K., Terai, H., Kojima, K., Nakaike, R., Morita, J., & Saito, H. (2015). A Class Practice and 
Its Evaluation for Understanding Cognitive Information Processing by Constructing Computational 
Cognitive Models. Transactions of the Japanese Society for Artificial Intelligence, 30(3), 536-546 

Kojima, K., Miwa, K., Nakaike, R., Kanzaki, N., Terai, H., Morita, J., Saito, H., & Matsumuro, M. (2016). 
Basic framework for learning by constructing cognitive models based on problem-solving processes. 
Workshop Proceedings of ICCE2016 (pp. 451-453). Taoyuan, Taiwan: APSCE. 

Nakaike, R., Miwa, K., Morita J., & Terai, H. (2009). Development and evaluation of a web-based production 
system for learning anywhere. Proceedings of ICCE2009 (pp. 127-131). Jhongli, Taiwan: Asia-Pacific 
Society for Computers in Education. 

Nakashima, H. (2008). Methodology and a discipline for synthetic research. Synthesiology, 1(4), 305-313. 
Penner, D. E. (2000). Cognition, computers, and synthetic science: building knowledge and meaning through 

modeling. Review of Research in Education, 25, 1-35. 
Schunn, C. D., Crowley, K., & Okada, T. (1998). The growth of multidisciplinarity in the Cognitive Science 

Society. Cognitive Science, 22(1), 107-130. 
Seel, N. M., & Blumschein, P. (2009). Modeling and simulation in learning and instruction: a theoretical 

perspective. In P. Blumschein, W. Hung, & D. Jonassen (Eds) Model-Based Approaches to Learning (pp. 
3-16). Rotterdam, Netherlands: Sense Publishers. 

Yadav, A., Mayfield, C., Zhou, N., Hambrusch, S., & Korb, J. T. (2014). Computational thinking in elementary 
and secondary teacher education. ACM Transactions on Computing Education, 14(1). 



Hayashi, Y., et al. (Eds.) (2017). Workshop Proceedings of the 25th International Conference on Computers in 
Education. New Zealand: Asia-Pacific Society for Computers in Education 

445 

The Effects of Cognitive Styles on Problem 
Solving in the Context of English Logics 

Yu-Fen TSENG, Sherry Y. CHEN *  
Graduate Institute of Network Learning Technology National Central University, Jhongli Taiwan 

*sherry@cl.ncu.edu.tw 

Abstract: To help learners improve logical abilities in English writing, we designed an 
Academic English Logic Training System (AELTS), where learners developed the 
understanding of English logic of academic writing via a problem-solving process. 
Furthermore, an empirical study was conduct to investigate how cognitive styles (i.e., Holists 
vs. Serilists) affects learners’ reactions to the AELTS during the problem-solving process. The 
results indicated that Holists significantly obtained higher post-test scores than Serialists but 
no significant differences were found for task scores. This might be because Holists preferred 
to use hints to understand the meaning of sentences while Serialists tended to guess the 
answers by themselves. Furthermore, they also demonstrated different learning behaviors, 
which corresponded to their characteristics. More specifically, Holists preferred to jump 
between different objects while Serialists showed a sequential pattern. In summary, the 
findings from this study contribute the understandings of the development of a personalized 
AELTS that can accommodate the differences of Holists and Serialists.  

Keywords: cognitive style, scaffolding, lag sequential analysis, academic English 

1. Introduction 

When students learn how to write English academic papers, they need to face two problems. One is 
English grammar while the other is English logic (Plakans & Gebril, 2017). The former has been 
taught in several courses but the latter has been ignored in educational settings (Plakans & Gebril, 
2017).  Accordingly, students were seldom award of the logical relationship between each sentence, 
which, in turn, it is hard to grasp the whole topic and content of materials (Yang, Xue & Zihan, 2016). 
On the other hand, using proper connectives to demonstrate logical relationships between sentences 
can make textual meaning explicit (Hu, 2016). More specifically, making sentences be entailed from 
each other can help readers the meaning of one sentence by inferring from another sentence (Sukumar 
& Gayathri, 2014).  In brief, a clear logical relationship between each sentence is important so that 
readers can easily recognize contributions made by authors (Abdalrahman, 2016).  

To this end, we designed an Academic English Logic Training System (AELTS), where 
learners developed the understanding of English logic of academic writing via a problem-solving 
process.  More specifically, they need to learn how to order a number of sentences based on the 
logical meaning of the text during the problem-solving process. In other words, they were requested to 
find solutions to process and organize information. On the other hand, cognitive styles are considered 
as an essential human factor, which affects how learners process and organize information (Chen & 
Ford, 1998; Riding & Rayner, 2013).  

A number of cognitive styles have great effects on learners’ information processing and 
student learning. Among them, Pask’s Holism and Serialism have been received great attention for the 
past ten year. Pask (1976) indicated that differences existed between Holists and Serialists. For 
instance, Holists and Serialists had different learning strategies. Holists tended to process information 
with a pattern of ‘whole to part’ while Serilaists preferred to use a ‘part to whole’ sequence to process 
information (Jonassen & Grabowski, 2012). More specifically, Holistic learners tended to take a 
global learning strategy while Serialistic learners preferred to use a local learning strategy (Ku, Hou & 
Chen, 2016). 
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 Within the area of digital learning, several studies investigated behavior differences between 
Holists and Serialists. Clewley, Chen and Liu (2011) explored how Holists and Serialists interacted 
with a web-based learning system. Holists preferred to use hyperlinks to discover relationship 
between topics while Serialists preferred to use an index to locate specific information. Moreover, 
Chan, Hsieh and Chen (2014) also investigated that how learners with holistic and serialistic styles 
used electronic journals. Holists tended to use multiple methods to justify relationships between each 
topic while Serialists preferred to take a single way to browse the content. Additionally, Wu and Hou 
(2015) also examined learning behaviors of Holists and Serialists. The findings suggested that 
Serialists preferred to discuss the questions deeply and proposed the solution in details. Conversely, 
Holists tended to understand the frame of the problems and shared the information but they did not 
provide a detail solution against the problem. In other words, learners with holistic style and serialistic 
style demonstrated different approaches to solve the problems. Subsequently, Hsieh, Lin and Hou 
(2016) explored how Holists/Serilaists interacted with game-based learning systems. The results 
indicated that Holists favored to use searching tools to solve the problems. However, Serialists 
preferred to use the keywords to find the answers.  

As mentioned in the aforementioned studies, Holists and Serialists have unique patterns to do 
information processing. Therefore, there is a need to examine how they process information when 
they solve problems. To this end, the aims of this study have two-fold. One is to develop the AELTS 
to improve learners’ logical abilities in English writing via the problem-solving process. The other is 
to conducted empirical research to explore how Holists and Serialists reacted to the AELTS during the 
problem-solving process, in terms of their learning performance and learning behavior. 

2. Academic English Logic Training System  

In the past days, English learning mainly focused on vocabulary usages and proper punctuation. On 
the other hand, there was a lack of studies that paid attention to the sentence structures and logical 
abilities of English writing (Rakedzon & Baram-Tsabari, 2017). To fill this gap, we developed the 
Academic English Logic Training System (AELTS) to help learners improve their logical abilities of 
English writing. When using the AELTS, learners were allowed to swap sentences to organize the 
sentences with various hints. The design rationale of the AELTS is detailed below. 

 Learning by Doing: The AELTS provided five academic articles for learners and the content of 
the articles would be presented by single sentences of which the order was not logical. Learners 
were required to reorganize the sentences into the correct order (Figure 1).  

 Costed Scaffoldings: In order to reduce frustration of learners, the AELTS provided multiple 
types of scaffolding instruction, such as direct hints and indirect hints (Table 1). However, there 
was a reduction of scores when learners used the hints, apart from the text hint and picture hint. 
By doing so, learners did not rely on scaffolding instruction too much. 

 Multiple Tools: The AELTS provided multiple tools for learners when they undertook tasks, such 
as notebook and the current state of answer (Table 2). Such tools could facilitate learners to 
complete the tasks and to identify what they had done and what they would need to do. 

Table 1: Scaffolding hints in the AELTS. 

Type Hints Contents Deduction 
points 

Direct hints 

location 
hints 

To know the position of one 
sentence. 

20 

answer hint To present the correct answers to 
the current task.   

100 

Chinese 
hints 

To explain the meaning of 
vocabularies in Chinese. 

20 

text hints To provide the topic of the 
article.  

0 

Indirect hints 
English 
hints 

To explain the meaning of 
vocabularies in Chinese. 10 
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synonyms 
hints 

To provide the synonyms of each 
vocabulary. 

5 

picture 
hints 

To provide the picture related to 
the topic of the article. 0 

 

Table 2: The tools of the AELTS. 

Tools Functions 
notebook To take a note for important information that learners want to write down. 
full view To present sentences of the article within a paragraph. 
current state To make learners know how many sentences are presented in a correct order 
answer record To inform learners of the history of their answers.  
 

 

Figure 1. Overview of the AELTS 

 

Figure 2. English hints 
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Figure 3. Location hints 

3. Methodology design 

3.1. Study Preference Questionnaire  

The Study Preference Questionnaire (SPQ) originally developed by Ford (1985) was applied to 
classify students into Holists or Serialists in this study. The SPQ had been used in the previous 
research (Ku, Hou & Chen, 2016) and showed adequate reliability (Cronbach's α = 0.67) in such 
research that was the reason why we selected the SPQ to measure learners’ cognitive styles. The SPQ 
included 17 statements, each of which contained two statements. One was related to Holists’ 
preferences while the other was associated with Serialists’ preferences. Learners needed to choose one 
of the statements that they agreed. According to their choices, if the learners selected over half of the 
statements regarding Holists, they were determined as Holists. On the contrary, they were identified 
as Serilaists. 

3.2. Experiment procedure 

University students from north Taiwan voluntarily participated in this study. According to the SPQ, 
we filtered 34 learners, who consisted of Holists and 16 Serialists. All of these learners did not take 
the course of Academic English before so it was not necessary for them to take a pre-test. 
Subsequently, learners started to complete the same tasks by interacting with the AELTS via the 
tablets. More specifically, they need to reorganize a number of sentences in a logical way. After 
completing the tasks, learners were asked to take the same post-test, where no scaffolding instruction 
was provided. The post-test included five questions, where learners needed to sort the sentences into a 
correct order. However, such questions were not the same as learning tasks. By doing so, the 
improvement that Holists and Serialists made could be discovered.  

3.3. Data analyses 

The study aimed to explore how cognitive styles affect students’ learning performance and learning 
behavior when they interacted with the AELTS. Learning performance was measured based on task 
scores collected from the log file and post-test scores collected from the paper-based test. An 
independent t was applied to explore significant differences between Holists and Serialists, in terms of 
tasks scores and post-test scores. Learning behavior was collected from the log files which recorded 
how each learner interacted with the AELTS. A Lag Sequential Analysis (LSA) was employed to find 
out sequential relationships hidden in the learning behavior, regardless of Holists or Serialists. More 
specifically, the LSA could represent behavior sequences with visual diagram so we could clearly 
observe the relationships between each behavior sequence. Additionally, the LSA also could explain 
why different behavior sequences would lead to performance differences between Holists and 
Serialists. 
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4. Results and discussions 

4.1. Learning performance   

In this research, we applied an independent t-test to analyze task scores and post-test scores (Table 3). 
The results from the t-test indicated that Holists and Serialists obtained similar task scores. However, 
a significant difference was found for the post-test scores (t = 2.317, p = .027* < .05). More 
specifically, Holists significantly obtained higher post-test scores than Serialists.  The findings 
suggested that Serialists might require more assistances. Such a finding was consistent with that of 
Chen and Chang (2016). 

Table 3: Learning performance between Holists and Serialists. 

 CS N M SD df t p 

Task scores 
Holists 18 86.39 13.836 

32 .187 .853 
Serialists 16 85.38 17.735 

Post-test scores 
Holists 18 85.56 27.273 

32 2.317 .027* 
Serialists 16 61.25 33.838 

*p<.05 

 

4.2. Learning behavior  

A Lag Sequential Analysis (LSA) was applied in this study because LAS could discover hidden 
relationships in learning behavior (Yang, Chen & Hwang, 2015). Table 4 presents the codes of 
learning behavior for Holists and Serialists. According to the results of the LSA, significant behavior 
sequences were converted to the behavioral transition diagrams of Holists and Serialists (Figure 4). 
The diagrams demonstrated that learners with different cognitive styles shared some similarities but 
they also showed different learning behavior patterns. 
 

Table 4: Coding scheme of learning behavior. 

Behavior Codes Description 

next question N To answer the next question when completing the current 
learning tasks. 

moving  M To move the sentences when completing the current learning 
tasks. 

checking answer A To identify whether the current answer is correct or not. 

direct hint D To use the direct hint, e.g., Chinese hint or location hint. 

indirect hint I To use indirect hint, e.g., English hints, synonym hints, and 
picture hints. 

function F To use the tools that can remove difficulties, e.g., the answer 
record, notebook.  
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Figure 4. The behavioral transition diagram of Holists(left) and Serialists(right). 

4.3. Similarities  

The findings from the LSA indicated that Holists and Serialists demonstrated some similar behavior 
sequences i.e., N→I, N→D, F↔M, D↔I (Figure 4), which are discussed below. 
 

 N→I:  Learners used the indirect hints after they started a new task.  

 N→D: Learners used the direct hint after they started the new task. 

 D↔I: Learners switched between the direct hints and indirect hints 

 F↔M: Learners moved the sentences after using the tools and then went back to move the 
sentence 

 

These findings suggested that hints were helpful to learners when they started new tasks. This 
was because they tended to use both direct hints (N→D) and indirect hints (N→I) when they started 
new tasks. Furthermore, they switched between the direct hints and indirect hints (D↔I). Such 
significant behavior sequence suggested that both direct hints and indirect hints could help learners 
understand the meaning of sentences. On the other hand, they relied on the tools, instead of hints, 
when they moved the sentences (F↔M). The aforementioned findings implied that learners used 
different types of scaffolding instruction at different stages, instead of using a single type of 
scaffolding instruction  all the time. 

4.4. Differences 

On the other hands, the results of LSA demonstrated that several differences between Holists and 
Serialists (Figure 4).  Such behavior sequences expressed several significant information. The details 
meaning of the behavior sequences would be discussed subsections below. 
 

 A→F (Serialists) vs. A→D (Holists): Serialists used the tools after checking the answers while 
Holists used the direct hints after checking the answers. 

 N→M (Serialists) vs. None (Holists): Serialists moved the sentences by themselves while 
starting the new tasks, but Holists did not have the behavior. 

 



451 

These findings revealed that Holists would use the direct hints after checking the answers  
(A→D). In contrast, Serialists would use the tools after checking the answers (A→F). The difference 
between the direct hints and tools lied within the fact that the former could help learners understand 
the meanings and logics of the sentences while the latter could assist learners to identify their current 
status. In other words, Holists could better acquire the knowledge of how to organize the sentences 
via the direct hints. This might be the reason why Holists could obtain better post-test scores than 
Serialists. 

Furthermore, Serialists would move the sentences immediately after they start a new task 
(N→M). This finding suggested that Serialists might attempt to try errors by themselves. Trying 
errors might be helpful for them to guess a correct answer so the task scores that they obtained were 
similar to those from Holists. However, trying errors was not useful for them to get better 
understandings. Thus, the post test scores that they obtained were lower than those from Holists. 

4.5. Discussions 

As the above section, the findings of learning behavior patterns indicated that learners with different 
cognitive styles had some behavior differences, which corresponded to their characteristics. More 
specifically, Serialists demonstrated a sequential pattern (i.e., N→D→M→A→F) when they did the 
learning tasks. This might be because Serialists tended to do things one by one (Chan, Hsieh & Chen, 
2014). On the other hand, Holists preferred to jump between objects (Clewley, Chen, & Liu, 2011) so 
they showed an iterative pattern (i.e., N→D→M→A→D). These findings suggested that cognitive 
styles had great effects on their behavior sequences when they completed the tasks in the context of 
academic English. 

5. Conclusions  

In this study, we aim to investigate how Holists/Serialists reacted to the AELTS during the problem-
solving process, especially for learning behavior and learning performance. Regarding learning 
performance, the results indicated that Serialists significantly obtained lower post-test scores than 
Holists. However, no significant differences were found for task scores. Regarding learning behavior, 
the results suggested that Holists preferred to jump between different objects so they showed an 
iterative pattern. Conversely, Serialists tended to do things step by step so they demonstrated a 
sequential pattern. Such behavior corresponded to their characteristics. 

On the other hand, the result from the LSA indicated that different cognitive style groups 
chose different scaffoldings to help themselves. Holists preferred to use the hints to understand the 
meaning of sentences while Serialists attempted to try errors by themselves.  These findings suggested 
that cognitive styles had great effects on their behavior sequences. Therefore, there is a need to 
incorporate the findings obtained from this study into the development of personalized learning 
systems that can support the preferences and needs of different cognitive style groups.  

A framework was proposed to illustrate differences between Holists and Serialists based on 
the aforementioned findings (Figure 5). As shown in this framework, this study presented fruitful 
results. However, it also had several limitations. Firstly, the sample is small so we need to expand the 
sample to verify the findings presented in this study in the future. Moreover, we only considered 
differences between Holists and Serialists in this study. Additionally, we did not explore learners’ 
behavior frequencies. Thus, further research should take into account other human factors, such as 
ages, prior knowledge, and gender, and investigate their behavior frequencies so that more 
comprehensive knowledge could be obtained. 
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Figure 5. The framework to summarize the findings.  
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Abstract: This study investigates the use of pedagogical conversational agents (PCAs) that 
intervene in learner-learner collaborative learning activities. In addition, this study 
investigates how the quality of learning performance in a simple concept explanation task may 
change due to the use of multiple PCAs that pose different types of facilitation prompts to the 
learners. A controlled experiment was performed by comparing a condition using multiple 
PCAs wherein each PCA provided different types of facilitations with a condition using 
multiple PCAs wherein each PCA provided a mixture of the two types of facilitations. Using 
the WOZ method, this study reports the preliminary results of an analysis of oral-based peer 
learning. Lexical network analysis was used to understand the complexity of learner’s 
semantic knowledge over two-time series. The results of the analysis show that when multiple 
PCAs were used with different facilitation prompts, the lexical network became more 
complex, showing that the learners developed a more sophisticated knowledge about the 
concept throughout their explanations. The significance of using multiple PCA is that it allows 
different types of contents to be considered during interaction. 

Keywords: Pedagogical Conversational Agent, Explanation Activity, Collaborative Learning 

1. Introduction 

Learning through social interaction is known as one of the most effective strategies to develop deeper 
understanding (Vygotsky, 1980). Research shows that learning through sharing knowledge with 
others can lead to conceptual changes that can generate new knowledge (Chi, Leeuw, Chiu, & 
Lavancher, 1994). In addition, discussions based on different perspectives can bring an understanding 
of the content at higher levels of cognition (Schwartz, 1995). Studies on learning sciences have shown 
that explanation activity in peer learning can improve the quality of interaction and facilitate better 
learning performance (Miyake, 1986). However, such activities cannot be easily performed by novice 
learners and there is a need to investigate the type of interventions that can enhance their learning. 
This study focuses on the design of tutoring systems with conversational agents to facilitate peer to 
peer explanation activities. Additionally, it investigates the extent to which pedagogical 
conversational agents (PCAs) used in an explanation task are effective and examines how such 
techniques can improve learning performance. Further, this research particularly focuses on the use of 
multiple PCAs and investigates the most effective design of each PCA. 

1.1. Using multiple pedagogical agents 

Recently, studies on pedagogical technology have investigated the use of computer-based tutoring 
systems and PCAs in various types of tutoring settings (Moreno, 2005; Mayer, Johnsonb, Shaw, & 
Sandhu, 2006; Holmes, 2007; Graesser & McNamara, 2010; Louwerse, Graesser, Mcnamara, & Lu, 
2008). Research on the development of such systems based on artificial intelligence has led to the 
development of systems using which learners can learn through teaching teachable agents (Biswas, 
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Leelawong, Schwartz, & Vye, 2005; Matsuda et al., 2013). Previous research has also investigated the 
role of helping learners to compose explanations through the use of interactive tutoring systems 
(Graesser, Chipman, & Olney, 2005). However, most studies have focused on the nature of learner-
PCA interaction, while very few studies focused on aiding learner-learner interaction. One of the 
advantages of human-human interactions is the high degree of success achieved in developing 
common knowledge through communication (Csibra & Gergely, 2011). Thus, considering this point, 
this study focuses on the use of PCAs in facilitating learner-learner interaction. 

In this research, a series of studies has been conducted to investigate the effects of using a 
PCA in order to facilitate learner-learner collaborative learning. In Hayashi (2012), the author 
investigated the role of affective feedback from a PCA that provided prompts to facilitate the two 
learner interactions in an explanation task. Participants formed an explanation of a key concept, and 
the PCA intervened in the learner’s activity and provided metacognitive suggestions, which were 
aimed at facilitating their explanation activities. In a further study(Hayashi, 2014), the effects of social 
influences, such as pressures from multiple PCAs, may produce more learner awareness toward PCAs 
and motivate learners to work harder on the task. It was also shown that compared to using only one 
PCA, the use of multiple PCAs can facilitate better explanation activities. However, although the 
effects of using multiple PCAs may raise learner’s social awareness and facilitate their conversations, 
it was not clearly understood what type of facilitations/prompts from these PCAs are adequate for 
producing better quality of explanations. Furthermore, it is problematic to simply add the number of 
PCAs in such activities because the learner may not be able to consume all the information that is 
presented by the PCAs as they present several types of facilitations. Such situations may cause 
information overload (Jonston & Uhl, 1976), and it is predicted that learners may find it easier to 
absorb information when it is separately presented by different PCAs.  

Studies on multimedia learning (Mayer et al., 2006) have examined the effect of cognitive 
load and suggested that learners understand the subject matter better when it is presented in the form 
of less multiple information sources by distributing such material via different communication 
channels. Therefore, considering this, this research investigated the use of facilitation prompts by 
distributing the contents of the facilitations between multiple PCAs, with each one playing different 
roles. Similar to Hayashi (2014), this study will set up a situation in which dyads will give 
explanations about a concept taught in class while receiving help from a PCA. Each PCA will present 
different types of learning material related facilitation prompts, which will enable them to clearly 
distinguish the types of facilitations and thus enable them to digest all the information that is posed to 
them and produce better explanations. The study focused on the use of two types of PCAs, which pose 
suggestions from different perspectives, such as the explanation adviser and the communication 
adviser. The study investigated whether the use of these PCAs would enable learners to produce better 
oral explanations and thus gain a more thorough understanding of the study materials. 

1.2. Goal and Hypothesis 

This study provides the preliminary results of an investigation into the use of multiple PCAs, which 
intervene in learner-learner explanation activities and provide facilitations related to the learning 
material. This study aims to investigate whether the use of multiple PCAs were each have different 
roles and provides different types of content-related suggestions. It was hypothesized that when the 
PCA intervenes in the learner’s activities with multiple suggestions, learners may be unable to 
cognitively process all the comments from all the PCAs effectively. On the other hand, if multiple 
PCAs provide facilitations by individually taking on roles and splitting the learning content, learners 
may be able to process all the information and thus may generate explanations based on these 
different perspectives. From this viewpoint, this study conducts a controlled experiment by comparing 
two types of conditions: (1) a double condition wherein the two PCAs intervene by posing two mixed 
types of facilitation prompts (communication advice and explanation advice) and (2) a split double 
condition wherein two PCAs intervene by providing information to learners separately. One PCA will 
play the role of an explanation adviser and will pose suggestions related to topics on communication 
efficiency (i.e., how to ask effective questions to their partners). The other PCA will provide more 
cognitively related suggestions, such as asking them to try to think about the concept from various 
viewpoints and try to explain concepts from broader viewpoints. Thus, if learners consider these 
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posed suggestions carefully, they should be able to develop their understanding of the subject by 
linking their existing knowledge with these more diverse approaches. Therefore, considering this 
point, one of the challenges of this study was to analyze learner performance using lexical network 
analysis in order to assess the quality of learner’s explanations (Hayashi, 2016). 

2. Method 

2.1. Procedure 

The participants used two desktop computers and were asked to sit in designated places. A description 
of the key term was presented on the screen. Learners explained the key terms orally to each other 
while two PCAs appeared on the screen and provided suggestions. Learners in this experiment were 
required to formulate explanations of psychological terms such as ”short- and long- term memory” 
and ”figure-ground reversal.” The concepts were equally distributed among both conditions for 
internal validity. In the double condition, 12 worked on short- and long-term memory, and 14 worked 
on figure-ground reversal. In the split double condition, 12 worked on short- and long- term memory, 
and 12 worked on figure-ground reversal. 

2.2. Experimental System 

The experimental system was redeveloped based on the Java based platform created by (Hayashi & 
Inoue, 2015; Hayashi, 2014). It comprises two PCAs and enables feedback to be generated based on 
the learner’s utterances, which provided tips on how to form a sufficient explanation, applause, and 
back-channel feedback. The experimental settings were manipulated so as to match those used by 
(Hayashi, 2014) with one exception. In this experiment, the learners did not use text chat or wear 
headphones during the activity. Instead, they interacted orally. The experimenter manually inputted 
the keywords into the system using the WOZ method. Following the same rules as used by Hayashi 
(2014), when learners used words such as ”technical,” ”general,” ”trouble,” ”question pose,” and 
”example,” they were inputted into the system. In addition, in the current experiment, the frequency at 
which PCAs provided messages were strictly controlled to ensure that all groups received the same 
number of facilitations from both PCAs. The experimenter inputted the detected keywords within a 
minute of utterance, and the learners in both conditions received a total of 10 messages each from the 
PCAs. 

2.3. Participants and Conditions 

The learners participated in this study as part of their coursework. One participant’s data were lost due 
to a technical issue. Each participant was randomly assigned to one of the two conditions, which 
varied according to the roles of the PCA suggestions (i.e., for double condition, n = 26, whereas for 
split-double condition, n = 24). In this experiment, the double condition was manipulated to ensure 
that both PCAs would provide suggestions; however, but their roles were not fixed as in (Hayashi, 
2014), Either communicator advice or explanations were randomly generated. In the double condition, 
the PCAs responded randomly as either a communication adviser or an explanation adviser. No labels 
were visible to identify each PCA’s role nor were the instructions provided regarding the types of 
facilitations to be given. 

In contrast, in the split-double condition, the types of facilitations used by PCAs were fixed 
and each was given a label describing their role affixed to the computer screen. In addition, to ensure 
that the learners could understand the PCA’s intentions clearly during the activity and to enable them 
to understand that they were working in a diverse group with divisions, they received explanations 
regarding each PCA’s role. In addition, participants in the split-double condition were provided with 
more specific information about their group. It was emphasized that their group was organized in a 
division of labor style. The merits of such group forms were also explained to the learners to ensure 
that they completely understood the nature of each agent’s role. 
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2.4. Dependent Variables 

The main data were collected on two occasions as a free- recall test to explain about the key terms in a 
pre-test and post-test. The pre-test was conducted before the task, and the post-test was conducted 
after the task. These results are subject to lexical network analysis, as detailed in the following 
section. 

3. Results 

3.1. Lexical Network Analysis 

3.1.1. Pre-processing 

The first stage of analysis involves developing a dictionary database to collect a series of keywords 
that are used as the training dataset. While developing such a dataset, an expert (i.e., a teacher) was 
asked to create lists of words that could possibly relate to the instances of the key terms. As two 
intrinsically different types of concepts are used, a dictionary database is independently constructed 
and a network comprising 30 words is developed. For the pre-defined key terms for "long- and short-
term memory," we used words such as "memory," "long," "short," "information," "temporary," 
"time," "necessary," "forever," "head," "save," "enormous," "amount," "embedded," "work," 
"storage," "brain," "always," "knowledge," "capacity," "process," "things," "behavior," "routine," 
"preserve," "moment," "period," "word," "constant," "playback," and "conscious." For the pre-defined 
key terms for "figure-ground reversal," we used words such as "ground," "meaning," "area," "picture," 
"background," "reverse," "link," "side," "person," "middle," "relation," "eye shot," "Rubin," "jar," 
"angle," "double," "apparition," "one way," "perspective," "attention," "conscious," "recognition," 
"aspect," "face," "human," "handle," "opposite," "things," and "diagram." 

3.1.2. Network Analysis 

Using the semantic dictionary database as the training dataset, the textual inputs from the learners 
were further analyzed. For each trial input, the number of appearances of the semantic keywords in 
the dictionary was counted and the data related to these semantic keywords were then analyzed using 
the aforementioned social-network analysis method. For each condition and phase, a network was 
developed based on a bipartite graph of keywords (i.e., 30 keywords X 18 participants). Each node 
represents the lexical category of the keyword that was frequently used in each participant's 
explanation. Fig. 1 and Fig. 2 show an example of the lexical network for participants in the split-
double condition. The following equation represents the network density, where n denotes the number 
of nodes and l denotes the number of links: 
 

                                                                                                                  (1) 
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Figure 1. Lexical Network of the results in he split double condition (memory). 
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Figure 2. Lexical Network of the results in he split double condition(figure-ground). 

Table 1, 2 summarize the results of the learners’ lexical density at each pre- and post-test. The 
results show higher lexical density in the split-double condition for the post-test of  ”long- and short-
term memory” (double = 0.28; split double= 0.459). From this result, we can conclude that learners 
used more sophisticated words in the post-test of the split-double condition compared to that of the 
double condition, depending on the type of predefined key term employed.  



459 

Table 1: Density results by condition and test: long-term and short-term memory.  

 Pre- Post- 

Double 0.036 0.287 

Split Double 0.085 0.459 

Table 2: Density results by condition and test: figure ground reversal.  

 Pre- Post- 

Double 0.002 0.457 

Split Double 0.089 0.404 

4. Discussion and Conclusions 

This study aimed to investigate the use of multiple PCAs that each had different roles and provide 
different types of content-related suggestions. It was hypothesized that when a PCA intervenes in a 
learner's activities with multiple suggestions, learners may not be able to process all of their 
comments, while if PCAs pose facilitations by dividing the content, learners are more easily able to 
digest them and respond to their suggestions.  

This study provides preliminary results from an analysis of learner's explanation performances 
using lexical analysis, which sheds light on how learners were able to develop more complex 
knowledge through the use of different types of learning support.  

The results of the network analysis show that in both conditions, learners were able to explain 
the concepts in more detail in the post-test, where the network shows more complex links with 
learner's prior knowledge. This indicates that the learner-learner activity and the suggestions from the 
PCAs have improved learner's capacity to understand the learning material presented. In terms of the 
differences between the two conditions in the post-test, the use of multiple PCAs with different roles 
(split-double condition) shows a more complex network (0.459) compared to the pairs with no such 
distributed roles (double condition = 0.287) when explanations on the key term memory were given. 
However, there were no such differences between the distributed role condition (0.404) and no 
condition (0.457.) This suggests that there are advantages of using multiple PCAs with different roles 
due to the nature of the target concept they are explaining.  

This study investigated the use of PCA interventions in learner-learner collaborative activities 
wherein students were communicating orally. In this experiment, the WOZ method was used to input 
the messages related to the learner's keywords into the system to provide feedback. However, in the 
future, it would be beneficial to develop a system that automatically detects the learner's utterances 
and provides customized feedback. Recent studies on ITS have investigated the method of detecting 
and providing facilitations based on learner’s modalities (D’mello & Graesser, 2013). Moreover, it is 
important to combine the implications from such studies in order to develop a more diverse structure 
of interactions between learners and several PCAs. In addition, it is necessary to conduct more 
analysis on how learners respond toward PCAs with different roles and further investigate what type 
of cognitive processes are at work when they received information from the distributed-role condition. 
Such further data analysis is presented in a different paper (Hayashi, n.d.) and a new experiment 
following the same conditions using learners’ text-based interactions are described here. This paper 
provides initial implications on how learners may respond to the suggestions from multiple PCAs 
during oral conversations using the WOZ method. The further study focus on the use of automated 
detection of the leaners textual input. 

The author believes that the experimental setting shown in this paper can be generally applied 
to other contexts, such as in medical training as well as entertainment, which involves human-human 
interactions requiring help from systems. Therefore, the results of this study and the method used to 
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analyze learner’s knowledge may contribute to the design of future human-machine communication 
systems. 
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Abstract: It is difficult for mathematics learners to solve problems that require describing 
solution procedures. This issue was revealed in the PISA and TIMSS tests. This issue is 
possibly caused by a lack of understanding of the relation between symbolic and graphical 
representations in mathematics. This work proposes a learning support system that realizes 
understanding of the relation between both types of expression. This paper describes the 
development of our system and reports on its effectiveness and considerations. We realize a 
function that converts symbolic expressions entered by learners to graphical representations, 
and a function for manipulating the converted graphic. The conversion function visualizes an 
input symbolic expression as a graphic. If the symbolic expression contains an error, the 
function visualizes the error so that learners can become aware of it. This is “learning from 
errors” by error visualization. The function also realizes learner operations related to the 
visualized graphic. The operation range is limited by constraints in the symbolic sentence 
input by the learner. Through their operations, learners deepen their understanding of how the 
symbolic sentence influences the graphic and clarify their understanding of the relation 
between the symbolic expression and its graphical representation. An experimental test 
verified that the proposed system using this method is effective in mathematical learning and 
facilitates learner understanding of the contents of symbolic sentences. 

Keywords: Mathematics education, error visualization, learning by error, learning support 
system 

1. Introduction 

This paper describes development of a learning support system for understanding mathematics 
through expression transformation and active operations.  

One problem in mathematics, revealed in the PISA and TIMSS tests, is that learners cannot 
describe their own ideas. One reason for this is learners trying to improve the efficiency of problem 
solving by simply memorizing mathematical formulas, which they apply in tests and tasks. Doing so 
has only temporary value and does not address the root of the problem. This is not “learning,” because 
there is a high possibility that the learner will retain an immature approach when thinking about other 
problems. In mathematics, learners must understand symbolic expressions as both a mathematical 
statement and a graphic expression of what it means. Many learners do not understand the meaning of 
their answers, which are presented as procedural flows. The ability to solve problems is necessary, but 
more important is knowing the meaning of the procedure applied. This requires understanding the 
relation between symbolic expressions and graphical representations. It is important to understand the 
graphical meaning of problem sentences and learner solutions. If learners provide incorrect answers, 
they should be able to see their error immediately. One method of doing so is converting a 
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mathematical statement (hereinafter, a “sentence”) into a graphic, through which learners can discover 
errors in their answers and see why they are wrong. 

Many works have suggested that this “learning from errors” approach plays an important role 
in knowledge correction and understanding, particularly when learners notice their errors themselves 
(Perkinson, 2000; Hirashima, 2004; Hirashima & Horiguchi, 2004; Tomoto, Imai, Horiguchi & 
Hirashima, 2013). Recent works have suggested error visualization as a way of grasping action and 
reaction dynamics (Horiguchi & Hirashima, 2001; Horiguchi & Hirashima, 2002; Imai, Tomoto, 
Horiguchi & Hirashima, 2008), inference error visualization in geometric proofs (Funaoi, Kameda, & 
Hirashima, 2009), visualizing errors as 3D models (Matsuda et al., 2008), and visualization of errors 
in English composition using animation (Kunichika et al., 2008). To produce “intrinsic awareness” of 
errors, it is effective to indicate what kind of conclusion results from learner answers and to show the 
learner contradictions that arise. 

 There are few support systems that can handle geometry problems in high-school 
mathematics; such support systems are generally targeted at geometric proofs in junior high-school 
mathematics. In geometric proofs studied in high school, it is more difficult to understand relations 
between symbols and graphs. Such systems are thus likely necessary to support mathematical learning 
in both primary education and higher education. 

 Our work aims at developing learning support systems for learners who struggle when 
writing answers and those who cannot understand presented solutions. We aim to help learners 
understand the relation between symbolic mathematical expressions and graphical representations, 
and aim for improvement of academic mathematical ability. 

 The system converts symbolic expressions into graphical representations. The system 
prepares sentences corresponding to the problem, learners select the sentences closest to their 
answers, and the system graphically shows how the selected sentence changes the system. We expect 
that learners will perceive their errors through the conversion of their symbolic expressions into 
graphical representations and by manipulating the diagram. Furthermore, sentences corresponding to 
each line in the solution allow grasping individual constraints in the figure. Through active 
manipulations, learners can learn whether operations produce a figure like that imagined as the 
solution. We can visualize symbolic sentences selected by the learner as figures and by adding 
operations to the figure we can support “intrinsic awareness” of what was imagined or the unintended 
results of the actions. We also had a goal of scoring overall answers in a way that shows what the 
graphical representation of each line in the answer sentence means. In the proposed method, we verify 
learning effectiveness through the developed system and paper tests. 

 Test scores from before and after using the system for learning showed that there was a 
statistically significant improvement from use of the system. The results indicate that the system is 
effective for mathematical learning, and that the transformation of expressions and the manipulation 
of figures are effective for building mathematical understanding. 

  The remainder of this paper is organized as follows. Section 2 describes the effects of 
mathematical expressions, and section 3 describes the conversion of expressions. Section 4 describes 
the proposed system, section 5 provides an evaluation of the experiment, and section 6 comments on 
its results. We close in section 7. 

2. On the effect of mathematical expressions 

Nakahara (1995) proposes five categories of mathematical expressions: realistic, operational, 
graphical, linguistic, and symbolic. These expressions are implemented in mathematics lessons as 
expressions, figures, tables, and graphs, and can deepen learners’ understanding of mathematical 
concepts. Furthermore, because expressions are learning goals in the system, it is necessary to 
organize and use representation methods. In this paper, we focus on symbolic and graphic expressions 
in mathematics because they are used in most mathematical learning and are thus presumably the 
most important for understanding mathematics. Certainly, learners must be able to use both. We 
propose a method for visualizing the mathematical situation and promoting learner understanding. 
Specifically, the proposed method improves learners’ ability to construct solutions to mathematical 
problems by producing graphical figures corresponding to their mathematical statements. 
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Recent studies on graphical representations have indicated that they have multiple roles and 
effects. For example, they can lessen the role of working memory in children learning mathematics, 
produce concrete models, make it easier to find related information, and make features of the problem 
clearer (Van Essen & Hamaker, 1990). Furthermore, graphical representations more clearly express 
problem structures, provide a basis for correctly solving problems, allow tracing learners’ information 
knowledge, and clearly show implicit information (Diezmann & English, 2001). However, despite 
research themes aimed at promoting the understanding of symbolic expressions by exploiting 
graphical representation, there has been no change in the present situation, in which graphic 
expressions are not used well. 

 There have been many studies focusing on graphical representations in mathematics 
education. Thereby, effects by graphical expression have also been clarified (Hiroi, 2003; Nunokawa, 
1993; Doishita, 1986). We examined whether graphical representations can promote understanding of 
mathematics based on symbolic expressions. Materials used by learners mainly pose problems as 
statements in the form of symbolic expressions.  For solving problems, we believe it is important that 
learners consider what figures can be made from symbolic expressions, rather than starting with a 
symbolic expression after seeing the nature of the figure. This paper thus focuses on symbolic 
expressions to approach the above problem, observing how symbolic sentences written by the learner 
affect the corresponding graphic. In doing so, we aim to understand the relation between sentences 
and graphics. 

3. Conversion of expressions 

One factor causing learners to struggle with problems is that they cannot grasp quantitative relations 
in sentences. To address this problem, it is important to use various modes of expression. One factor 
causing learners to struggle with problems is that they cannot grasp quantitative relations in sentences. 
To address this problem, it is important to use various modes of expression. Especially, symbolic and 
graphical representation is heavily used, so they are important representations. 

Therefore, we propose a learning method for understanding relations between symbolic and 
graphical representations. As a solution, we use “expression conversions.” Using this transformation 
of expressions and “graphical operations,” described below, we support learners’ endogenous 
awareness and improve mathematical understanding. Figure 1 shows an overview of the method. 

To clarify the relation between symbolic and graphical expressions, we explain the conversion 
from symbolic representations to graphical representations and the visualization of errors. 
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Figure 1. Transformation model 
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3.1. Conversion from symbolic to graphical representation  

When converting from symbolic to graphical representations, it is difficult for the system to decode 
content entered as natural language and convert it to a graphical representation. The proposed system 
therefore adopts an answer format that uses solution templates with short sentence prepared from 
symbolic expressions. Here, we define “short sentences” as those that can be drawn as a graphic from 
one element in the sentence. An example would be a sentence containing “a statement defining a 
point” and “a relation of that point.” In this case, the point definition becomes one element and is 
made visible in the graphic. Here, the point definition is given as point coordinates (x, y), and the 
point relationship is a sentence such as “AP = BP,” which stipulates the line segments AP and BP are 
of equal length. This paper calls this type of statement a short sentence. The above constructs are used 
in multiple answer selections for each problem, as shown in Fig. 2. At this time, answers are input in 
advance in a database and recalled as necessary to draw the graphic. The graphic can be manipulated 
within a range of constraints specified from the sentences. By manipulating graphics created by the 
learner, the system supports endogenous awareness. By manipulating the graphic, learners can 
experience and check constraints themselves while viewing differences between the resulting graphic 
and the actual answer, thereby correcting learner errors. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

3.2. Conversion from graphical to symbolic representations 

Many learners struggling with mathematics, as well as those with some knowledge, cannot well 
explain the characteristics of mathematical figures. As mentioned in section 1, few students, even 
highly scoring ones, can describe their thoughts and sentences. One reason for this is that learners 
understand neither the construction of the graphic nor the meaning of the problem. In other words, 
these learners do not clearly grasp the correspondence between symbolic and graphical 
representations. Conversion from figures to symbols is also important to solving this problem. 

4. The proposed system 

 Using the method described in section 3, we designed and developed a system aimed at improving 
understanding of mathematics. The system converts symbolic expressions selected by the learner into 
a graphical representation and makes the learner observe and manipulate correct and erroneous 
graphs. The problem range becomes, for example, the “trajectory” of the point given certain 
constraints. In section 6, we will examine the effect of this method on learning in the range of the 
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ｓ AP=BP so (AP)^2=(BP)^2 
ｓ AB=BP so (AB)^2=(BP)^2 

ｓ From Problem 

ｓ Point(x, y) 

ｓ Point(x, y) 

 

Figure 2. Answer template usage example 
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trajectory for that type of problem. When constructing an answer, the system provides learners with 
short sentences, namely those composed of few elements. Learners then use the elements of these 
short sentences as answer templates used to solve the problem. Developed functions and system 
operations are limited to graphical functions using short sentence symbols, functions for manipulating 
the figure, and a true/false judgment function. Functions are flexibly applied to all problems in the 
system. Especially since questions in this system start from assumptions of the positions of points, 
functioning is highly versatile. For example, when a learner uses a template to generate points while 
solving a problem, the points can be moved (manipulated) over the entire plane if their location is 
determined by an unknown quantity. If one axis is determined by a constant, the point can be moved 
along that axis. Questions with this kind of function have been created in the system. As described 
above, the system can produce graphics matching the problem contents, based on answer templates 
selected by the learner. Furthermore, learners can manipulate the generated points and lines. However, 
if there are drawing conditions (such as placing a point on the x-axis) specific in the selected answer 
template, the drawing can be manipulated only in ways that continue to satisfy that constraint. 

 In mathematics solutions, we use point (x, y), (x, 0) answer templates for manipulating 
points. The system allows confirming what kind of expression and movement learner-provided 
sentences will    produce. As the answer construction progresses, the drawing area is gradually 
limited. For example, after setting a point P to (x, y) and adding the condition AP = BP, the point is 
constrained by that equation. In another pattern, setting point P to (x, 0) fixes the point, so it cannot be 
moved at all. Learners can observe and experience the situation when partial answers are mistaken. 
They can also experience such things through the operation of points, and can approach the relation 
between symbolic expressions and their graphical representation. 

The goal of this system is to understand the contents of the diagram as expressed by the 
meaning and restrictions of learner-provided sentences. 

 The system was developed using the Visual Basic 2010 programming language. 

4.1. Activities in the system 

The operational flow of the system is as follows. 
The system presents three problems, and learners select the problem they wish to solve. They 

are then taken to a “Practice” screen that presents a tutorial for system operation. Other problems are 
for calculating coordinates of a fixed point and a point P satisfying a certain condition, and a 
“trajectory” problem for calculating the point on which a straight line exists, where the point is not 
fixed. Our goal is for the learner to be able to solve the “trajectory” problem after using the system. 

Learner activities within the system are as follows: 

1. Check the mathematical problem provided by the system and select the answer that the 
learner intends as optimal from the given multiple symbolic mathematical expressions. 

2. The system visualizes the selected sentence. The learner observes the graphic, 
understands the numerical content of the symbolic sentence and the relation with the 
sentences before and after it, clearly showing the relation between the mathematical 
sentence and the graphic. 

3. In the visualized figure, it is possible for the subject to manipulate the graphic (move the 
generated point with the mouse). Users can thus experience constraints included in 
sentences, based on visualization from manipulation of the resulting graphic or the 
sentence while viewing how the completed answer sentence influences the graphic. 

4.2. Interface 

In the mathematical solution method, learners need to construct sentences according to the problem. 
An inherent problem is that even if the student represents the contents of the sentence as a diagram 
and attempts to understand it, the amount of work increases. As a result, the meaning of the sentence 
cannot be grasped, and answers may be erroneous. There may also be learners who do not understand 
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which mathematical symbol sentences should be used to find the solution. As a support system, we 
provide some answer sentences, and the learner selects an answer from among them. 

As described above, even for learners who cannot provide an answer, the system prepares 
answer templates (typical sentences in which sentences are built using mathematical expressions) and 
selects a symbolic expression from among those answers. 

Within the system, it is possible to select an answer via a pulldown menu. By clicking a button 
corresponding to a line, a figure reflecting that sentence is generated in a frame on the right side of the 
screen. Based on the quantitative constraints contained in the selected sentence, the generated figure 
can be manipulated within the scope of the constraint. A learner who gives up without being able to 
provide a solution is provided with intrinsic awareness that “using this sentence for this problem will 
produce a figure like that in the system.” Learners can expect effects that will allow them to reflect 
their way of thinking about problems that have not been addressed so far. 

 Unless the solution is logically wrong, errors can be positively visualized to allow 
understanding why it is an error. The figure shows an operation example when the point is set as (x, 
0). As an example in which the system cannot visualize the learner’s symbolic text as a diagram, 
consider a case where a point P is defined on the first line of the solution and a point B on a second 
line, yet it is declared that AP = BP on a third line. In this case, since the number of points does not 
match and point A is not defined, the image cannot be drawn. The system shows the user the answer 
corresponding to their input. By manipulating the drawing, learners can confirm differences between 
solutions they imagined, and if the answer was wrong they can reconstruct the sentence and confirm. 
Further, when providing a solution, they can explain their answers in the lower left of the system 
screen. 

4.3. Answer diagnosis method 

The list of symbolic expression answers is obtained by previously calling up values stored in a 
database. For each table in the database, symbolic expressions are divided into points, lines, 
expressions, and so on. Within that table we further store problems and the attributes of each sentence. 
We perform diagnoses based on information in this database. Assume that the correct answers for the 
first through third lines are stored in the temporary variables a1, b1, and c1, respectively, so correct 
answers are provided when the learner clicks the answer buttons for a1, b1, c1. Even if incorrect 
answers are provided, the system analyzes the incorrect answer pattern and generates a graphic 
corresponding to the process described by the provided sentences. In the diagnostic result, the system 
converts the sentence into a graphic if a logically correct symbolic structure is formed. If the meaning 
is illogical, drawing is not performed and learners are provided with an explanation to that effect in 
the message and status pane. 

5. Evaluation Experiment 

5.1. Purpose 

To evaluate the extent to which the proposed system can contribute to learners’ mathematical 
understanding, we conducted experiments as described below to evaluate the expression conversion 
function and graphic manipulation functions. The results and consideration are described later. 

5.2. Method 

To confirm the effectiveness of system functions, we also used a system without an expression 
conversion function. Subjects were 18 university students who had taken at least one mathematics 
course intended for those in math-heavy fields of study. Although this work covers the scope of high 
school mathematics, college students do not fully understand the relationship between symbols and 
graphics even in mathematics in the high school range. Before using the system, the experimental 
procedure was explained to the subjects. The system was operated by an author of the study, and the 
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method and operation of the system was described, including a tutorial on how problems are handled 
in the case of an incorrect answer. 

The experiment procedure was preliminary system testing before learning (10 minutes) and 
the first half of system learning (30 minutes), followed by post-test 1 (10 minutes). Subsequently, the 
latter half of system learning (30 minutes) was followed by post-test 2 (10 minutes). Subjects 
answered a questionnaire after completing the experiment. The 18 subjects were divided into 2 
groups, group A (learning in the first half: proposed system; learning in the second half: no 
conversion function) and group B (learning in reverse order to group A). The pre-test, post-test 1, and 
post-test 2 were all the same problem. Question contents were taken from an 11th-grade mathematics 
textbook, and involved topics such as distance and trajectory between two points. In big question 1, 
subjects read a short sentence for each small question and drew a diagram. In big question 2, subjects 
determined the presence or absence of inconsistencies between sentences and diagrams. In big 
question 3, subjects calculated point coordinates and found trajectories. Only big question 3 presented 
a problem in the format presented in the mathematical textbook. The subjects answered 11 questions 
covering the above content on paper. However, for big question 3, we established different evaluation 
criteria: the correctness of each line of the answer sentences produced by subjects was evaluated. 

5.3. Provisional 

The expected effects of this experiment on learners is as follows: 

• Expression conversion from symbols to figures is effective for mathematical understanding. 
• Manipulating graphics leads to understanding of the source symbolic sentence. 

5.4. Results 

 

Tables 1–6 show the scores and test results for pre- and post-test 1 and post-test 2 for groups A and B 
obtained by the experiment described in section 5. All tests were evaluated with a significance level of 
p<.01. 

Question 3, which did not improve in this test, checked the extent to which answers could be 
described before and after system learning. We confirmed correct answers for each sentence by the 
reevaluation method. Tables 5–8 show scores for the small questions and the results of analysis of 
variance. Table 1 shows the average number of correct test answers for each group. Table 2 shows the 
results of analysis of variance on the number of correct answers from each of the three test results in 
the three-step test. Table 4 shows the results of performing a subordinate test (multiple comparison 
within individuals) to see in detail at which timing significant differences appeared. Tables 5–8 show 
the analysis results for large question 3. 

From Table 1, the average number of correct answers immediately after system learning in 
group A (from the first to second post-testing) improved by 1.9. In Group B, the average number of 
correct answers immediately after system learning (from first to second post-testing) improved by 1.8. 
This shows that system learning outperforms the average number of correct answers as compared to 
using the system without the function for converting symbolic representations to graphic 
representations. Furthermore, the results of variance analysis in Table 2 confirm significant 
differences in individuals in both groups. Table 3 shows that the tests in which significant differences 
were observed in group A are the results of the pre-test and post-test 2, and the results of post-test 1 
and post-test 2. The tests with significant differences in group B are found to be the results of the pre-
test and post-test 2, and of post-test 1 and post-test 2. 

From the above, the system had a learning effect in both groups, while there was no 
significant difference when using the system without graphic conversion of expressions. 

From the results of the questionnaire, high evaluations were gained on the importance of 
understanding the relation between sentences and figures and the expression transformation and 
graphic manipulation functions. 
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This suggests that learning using this system (with the expression transformation function) is 
effective in mathematical learning. 

Table 1.  Average number of correct answers for group A and group B 
A Pre-test Post-test 1 Pro-test 2 B Pre-test Post-test 1 Pro-test 2 

Big question 1 2.0 2.4 2.9 Big question 1 2.1 3.4 3.6 

Big question 2 2.6 2.8 3.7 Big question 2 3.0 3.3 3.7 
Big question 3 0 0 0.6 Big question 3 0 0.1 0.3 

Total 4.6 5.2 7.1 Total 5.1 6.9 7.6 

Table 2.  Analysis of variance of the 3-step test 

A SS df MS F p B SS df MS F p 

Test 31.63 2 13.62 18.47 p<.01 test 28.74 2 14.37 11.17 p<.01 

Table 3.  Ryan’s method (left: group A; right: group B) 

Pair R level t p Pair   r level   t p  

1-3 3 0.03 5.86 p<.01 1-3 3 0.03 4.57 p<.01 

2-3 2 0.07 4.33 p<.01 2-3 2 0.07 1.24 n.s. 

1-2 2 0.07 1.53 p<.01 1-2 2 0.07 3.32 p<.01 

Table 4.  Average number of correct answers for big problem 3  

A Pre-test Post-test 1 Pro-test 2 B Pre-test Post-test 1 Pro-test 2 

Small question 1 0.7 2.4 4.3 Small question 1 0.6 3.0 4.2 

Small question 2 0.4 0.8 1.8 Small question 2 0.3 0.7 1.9 
Total 1.1 3.2 6.1 Total 0.9 3.7 6.1 

Table 5.  Analysis of variance for big question 3 (1) 

A SS df MS F p B SS df MS F p 

Test 60.52 2 30.26 18.86 p<.01 test 62.74 2 31.37 20.98 p<.01 

Table 6.  Ryan’s method for big question 3 (1) (left: group A; right: group B) 

Pair R level t p Pair   r level   t p 

1-3 3 0.03 4.87 p<.01 1-3 3 0.03 6.36 p<.01 

2-3 2 0.07 2.50 p<.01 2-3 2 0.07 2.12 p<.01 

1-2 2 0.07 2.36 p<.01 1-2 2 0.07 4.24 p<.01 

Table 7.  Analysis of variance for big question 3 (2) 

A SS df MS F p B SS df MS F p 

test 8.67 2 4.33 8.00 p<.01 test 12.07 2 6.03 4.40 p<.01 
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Table 8.  Ryan’s method for big question 3 (2) (left: group A; right: group B) 

Pair R level t p Pair   r level   t p 

1-3 3 0.03 3.84 p<.01 1-3 3 0.03 2.81 p<.01 

2-3 2 0.07 2.89 p<.01 2-3 2 0.07 2.22 p<.01 

1-2 2 0.07 0.96 n.s. 1-2 2 0.07 0.60 n.s. 

6. Discussion 

This work proposed development of a learning support system for learners who are not good at 
constructing answers and do not understand solutions based on elucidation from symbolic expressions 
and graphical representations. We demonstrated that the proposed system is suitable for mathematical 
learning. Pre- and post-testing showed that subjects could produce answers from problem solving, 
along with graphic answers. We also confirmed that points of confusion at the time of testing were 
corrected after learning in the system. The above suggests that learners themselves experienced 
expression transformation to diagrams and manipulation of figures appeared as an effect. 

7. Summary 

We proposed transformation of mathematical expressions and graphic manipulations as a method for 
improving learner understanding of mathematics. The selected target expressions were symbolic and 
graphic, two forms of expression that are important for understanding mathematics. Using the 
proposed system, we conducted experiments to verify its effectiveness at improving mathematic 
understanding. The proposed method of converting mathematical expressions promoted learner 
understanding, as evidenced from experimental results. Furthermore, by manipulating graphics, we 
were able to support understanding of motion constraints and quantity relations in graphics included 
along with symbolic sentences. 

Our findings are summarized as follows: 

1. At the time of learning, there were significant differences in test results when the system 
had functions for converting sentences into graphics. This demonstrates that this method is 
suitable for mathematical learning. 

2. Learner efforts to correct errors were indicated by diagram manipulations. In immediate 
post-tests, learners presented their own ideas by drawing graphics. 

3. From the results of a questionnaire, students were able to test their answers by converting 
symbols to graphics in the system, allowing awareness of the importance of converting 
mathematical expressions. Also, we found that manipulation of figures leads to discovery 
of errors. 

In future work, we will improve the system based on the result of this time. 
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Abstract: The importance and effectiveness of stepwise learning in programming education 
has long been advocated. However, there has been little concrete discussion of what kind of 
stepwise learning should be conducted. This research thus examines the properties of 
knowledge and comprehension processes in learning programming. Previous studies have also 
proposed “learning to read stepwise” and “learning to construct stepwise,” and integrating 
these concepts is worthwhile. We thus propose their combination, “learning to understand 
stepwise.” Although it was possible to show its usefulness in individual works, we could not 
investigate the effectiveness of the process as a whole. 

Keywords: Programming education, stepwise understanding, structural understanding. 

1. Introduction 

In general, system design is chosen as necessary to achieve system requirements, and developers must 
be skilled in thinking about what kind of design will satisfy the given requirements. In other words, 
design skill in programming can be expressed as a problem-solving skill aimed at satisfying 
requirements. 

In problem solving, a certain solution for a problem cannot be used for other problems. 
Therefore, solution itself are not reusable. However, when multiple problems are solved, a solution 
for a common term between problems may be obtained. For example, a learner who has learned how 
to code a selection sort or a bubble sort may notice that two values are always rearranged in the source 
code. Likewise, they might notice that rearrangement of these two values involves swapping them. 
Recognition of such meaningful commonalities urges the structuring of knowledge, improving skills 
at recognizing the source code used to achieve algorithmic steps. This structured knowledge allows 
partial application to other problems (i.e., code reuse). The concept of improving reusability by 
componentization and modularization is common in structured programming and is useful for 
structural design. 

In recent studies of learning to program, there has been a focus on mastering syntactic 
knowledge (Egi & Takeuchi, 2007; Ishikawa, Matsuzawa & Sakai, 2014; Kanemune, Nakatani, 
Mitarai, Fukui & Kuno, 2004; Miura, Sugihara & Kunifuji, 2009) and understanding algorithms 
(Matsuda, Kashihara, Hirashima & Toyoda, 1995; Matsuzawa, Yasui, Sugiura & Sakai, 2014; 
Sugiura, Matsuzawa, Okada & Ohiwa, 2008; Yano, Fujisaki, Hirashima & Takeuchi 2001), but few 
studies focus on improving design capability, particularly the ability to design for reusability. 
Procedural design can be achieved by acquiring syntactic knowledge and understanding of algorithms, 
but it is not possible in this way alone to support structural design improvement, such as improving 
the reusability of parts by converting them into meaningful chunks of statements. To make a 
statement into a meaningful chunk, one must understand the relations between statements and 
recognize meaningful chunks of multiple statements. We grouped these skills and positioned them as 
structural understanding. Structuring of learners’ prior knowledge is indispensable to acquiring 
structural understanding. We have thus focused on reconstruction of prior knowledge in programming 
(Koike & Tomoto, 2017), but there remains insufficient knowledge regarding the properties of prior 
knowledge and what needs to be concrete in its reconstruction. 
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This research thus examines a method for reconstructing knowledge for structural 
understanding, with the goal of improving design skills in programming. 

2. Knowledge and Understanding in Programming 

2.1. Distinction of Knowledge 

According to Shneiderman and Mayer (1979), knowledge in programming can be broadly divided into 
semantic and syntactic knowledge. Semantic knowledge in programming is knowledge of algorithms 
and does not depend on knowing specific programming language. Examples include low-level 
concepts such as the operation performed in an assignment statement, the meaning of an array, the 
distinction of data types, exchanging the places of two values, and totaling the contents of an array. 
These can be expanded to higher-order concepts. In contrast, syntactic knowledge is more focused on 
detail, such as language-specific knowledge of the syntax of assignment or conditional statements or 
the names of library functions. It is easier to acquire new syntactic knowledge when existing semantic 
knowledge can be applied.  

Kanamori, Tomoto, and Akakura (2013) also distinguish between knowledge types, proposing 
that a conversion process occurs between requirements, abstract operations (such as steps in a flow 
chart), and concrete operations (i.e., source code) (Fig. 1). Considering the classifications by 
Shneiderman and Mayer, the conversion process from requirements to abstract operations draws on 
semantic knowledge, and the conversion from abstract to concrete operations uses syntactic 
knowledge. This is also pointed out by Watanabe et al. Although the process of converting from 
requirements to abstract operations involves problem solving, the process of converting from abstract 
to concrete operations is a straightforward conversion of language.  

As stated in Chapter 1, it is important to discover common semantic terms for structural 
understanding, so we think that reconstruction of semantic knowledge is necessary for learners. 
 

 

Figure 1. Process of programming. (Kanamori et al., 2013) 

2.2. Comprehension Process of Programmers 

In reconstructing semantic knowledge, it is essential to examine how programmers use semantic 
knowledge in the program comprehension process. Shneiderman and Mayer (1979) proposed a model 
of the cognitive process when programmers actually perform programming. Figure 2 shows the 
integration of knowledge discrimination into their model. Shneiderman and Mayer suppose that a 
programmer presented with a problem uses programming knowledge to internally construct a 
semantic structure that contains the multiple layers to be expressed in the program, and that this acts 
as a model. With the highest-level semantic structure, it is necessary to understand the requirements 
that the program is to satisfy. For example, the requirement may be to sort groups of input of fixed 
length, or to output the words most frequently occurring in an input. In addition, this higher-level 
understanding can be satisfied even when the low-level semantic structure is not fully understood. In 
the low-level semantic structure, there is an understanding of the chunks of source code needed to 
implement familiar algorithms. Similarly, understanding the low-level semantic structure does not 
provide understanding of the overall operation. When these semantic structures are understood, 
programmers do not memorize or understand programs on a statement-by-statement basis. 

What is important here is that the high-level and low-level semantic structures are usually 
used independently. For example, (1) if the concept of value swapping is understood, then a learner 
can identify a swap included in the source code for a bubble sort, but this does not imply 
understanding that the whole source achieves swapping. The reverse is also true: (2) even when the 
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concept of sorting is understood, the programmer does not necessarily realize that swapping will be 
included. In the case of such a separated semantic structure, a programmer has the following 
problems. In the case of (1), it is impossible to recognize the requirements of the entire source code by 
combining low-level concepts. Moreover, in the case of (2), it is not possible to partition internal 
behavior from the requirements of the whole source code, which does not lead to an understanding of 
detailed behavior. From these problems, it is important to reconstruct the relations between low-level 
and high-level semantic structures to enable structural understanding. Therefore, we think that 
stepwise support in moving from a low-level semantic structure to a high-level one is important. 

 

 

Figure 2. Comprehension process of programmers. (Shneiderman & Mayer, 1979) 

3. Stepwise Learning 

3.1. Stepwise Abstraction 

We examine the stepwise learning method for reconstructing semantic knowledge. The learning 
method here refers to concrete learning methods for “meaning deduction” and “algorithm design” in 
Kanamori’s process of programming (Fig. 1) (Kanamori et al., 2013). Watanabe’s “stepwise 
abstraction” method has been proposed as an additional learning method for supporting the meaning 
deduction process (Watanabe et al., 2015). This stepwise abstraction has been proposed in reference 
to learning support using a stepwise refinement process. Shinkai and Sumitani (2008) referred to this 
as “stepwise subdividing the program from requirements.”  

The stepwise abstraction process iteratively reads a given statement, gathers a set of parts 
considered to be a series of operations in the statement, and then incorporates these, acting as a 
stepwise reading support process. For example, in a program consisting of three assignments—(1) c = 
a, (2) a = b, and (3) b = c—although each statement is a simple assignment, considering the meaning 
of the three steps together reveals the concept of swapping. In this stepwise abstraction, low-level 
semantic structures are constructed by combining source code statements one by one, and the low-
level semantic structure is converted to a high-level semantic structure by aggregating these low-level 
semantic structures. In this way, programmers can acquire new concepts by reading. However, there 
is no stepwise support for learning to read code. Without stepwise support, programmers will read 
code by using separate semantic structures (low-level and high-level semantic structures) as described 
in Section 2. As a result, they will be unable to construct a semantic structure in a stepwise fashion. 
Therefore, the authors think that stepwise presentation of abstraction will promote structural 
understanding among learners. 
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3.2. Expandable Modular Statements 

The authors have attempted to support learning via expandable modular statements targeting the 
algorithm design process (Koike & Tomoto, 2017). In an expandable modular statement (Fig. 3), a 
learner first constructs parts in meaningful chunks from each statement in the program. New processes 
are added to the constructed parts, available parts are added, and parts are changed by partially 
modifying already constructed parts. Parts to be constructed, added, or modified here are presented to 
the learner. In the expandable modular statement, programs are constructed by combining statements 
and other parts with the presented parts. Therefore, at each step, a semantic structure one level higher 
than the lowest semantic structure is presented, and the learner is required to decompose the semantic 
structure into a lower-level semantic structure. For example, referring to Fig. 3, the construction 
“swap a and b” is first requested. When this construction is completed, “sort a and b” is then 
requested as the next semantic structure. In this way, semantic structures are presented in a stepwise 
fashion. By repeatedly changing these parts, it is possible to expand the semantic structures of the 
parts in steps, which encourages learners to understand the relations among parts. Expanding the parts 
step by step additionally trains learners to make large parts themselves, which we consider useful for 
actual design. 

 

 

Figure 3. The expandable modular method. (Koike & Tomoto, 2017) 

3.3. Proposed Learning Method 

Stepwise abstraction (Watanabe et al., 2015) and expandable modular statements (Koike & Tomoto, 
2017) are not exclusive approaches; we consider them to act as a series of techniques to facilitate the 
reconstruction of semantic knowledge in programming. They are important not only for stepwise 
reading but also for actually reading contents stepwise to construct the contents in steps and to 
understand the structure of large programs. Therefore, we propose learning to understand stepwise as 
a method of knowledge reconstruction in programming. The learning comprises stepwise abstraction 
for learning to read programs and expandable modular statements for learning to construct programs. 

Learning to understand stepwise follows the procedure shown in Fig. 4. First, learners are 
presented the source code as a problem (similar to stepwise abstraction). Second, learners put together 
statements that they think are meaningful to the source code. Third, learners think about the request 
that the summarized part satisfies. Next, learners are required to rebuild the statements and parts in the 
order of the summarized source code for their requirements. In the process of abstraction, 
understanding of the program structure is facilitated by stepwise learning, and skill at reading 
programs can be improved. In the process of construction, learners reuse parts of the program as 
understood by stepwise learning. 

We suggest that the program is understood in stages through repeating the learning process 
and that this contributes to the acquisition of structural understanding as described in Section 1. We 
use a preliminary experiment to verify the validity of the proposed method. 
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Figure 4. Learning to understand stepwise. 

4. Preliminary Experiment 

Preliminary experiments were conducted to investigate the effectiveness of the method proposed in 
Section 3. 

4.1. Experimental Method 

The subjects were nine students who had studied programming for three years in programming 
lectures and acquired basic concepts such as “for” and “if” statements, algorithms such as sorting, and 
use of functions. We conducted experiments after choosing four students for the control group and 
five students for the experimental group such that academic skills were evenly divided in the opinion 
of the experimenter. We divided the pre-test into a ten-minute “constructing task” and a five-minute 
“reading task.” The “constructing task” presents three problems describing the code requirements. In 
the “reading task,” the source code that was the answer to the problem presented in the “constructing 
task” is presented and the requirement is described. That is, the answer to the constructing task 
corresponds to the answer of the reading task. The learner moves to the learning task for 60 minutes 
after the pre-test. In the experimental group, we presented learning to read stepwise and learning to 
construct stepwise tasks for 2 out of 3 problems presented in the pre-test. In the control group, we 
presented learning to read stepwise and learning to construct as usual tasks for the same problems as 
the experimental group. After the learning task, we carried out a post-test of both groups using the 
same problem and response time as in the pre-test. After completion of the post-test, we administered 
a five-minute questionnaire regarding the four stages. All tests / tasks were presented in paper media. 

4.2. Experimental Results and Consideration 

Table 1 shows the scores for the constructing task of the pre- and post-tasks (full score is 3 points per 
problem) and the reading task (full score is 3 points per problem). 

The results of the pre-test (see Table 1) show that subjects who have undergone third-year 
university lectures in both groups cannot construct novel programs by themselves. Also, the subjects 
cannot understand programs even if they read them, which shows that the statements cannot be 
understood as meaningful chunks. The results of the pre-test show that in both groups, a program once 
learned can be constructed similarly to how they were presented. Similar improvement of results was 
seen in both groups, so program reading skills were improved. Since the scores of both groups 
increased between the pre- and post-tests, learning to read stepwise appears effective for learning. 

However, there was no difference in average score between the experimental and control 
groups. For that reason, we could not evaluate the effectiveness of learning to construct stepwise. The 
reason for this is that a ceiling effect is seen in the pre- and post-test scores, and it seems that a task of 
constructing a program in more detail was necessary. In addition, the time for learning task may be 
too short. Further consideration is needed regarding difficulty levels, time limits, and the method of 
distribution between experimental and control groups. 
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Both results are likely to be a memorization effect because 3 out of 2 problems in the test 
content are presented in the learning task and the same test was repeatedly used. However, since the 
experimental group had better memorize than the control group in reading learning, it is likely that 
there are several good factors in the learning task of the experimental group. 

Table 1: Test score results 

 
Constructing task Reading task 

 
Pre-test Post-test Difference Pre-test Post-test Difference 

Experimental group 0.40 2.20 1.80 0.80 2.60 1.80 

Control group 0.00 2.50 2.50 0.50 2.25 1.75 

4.3. Questionnaire Result and Consideration 

Table 2 shows the questionnaire results for both groups using a 4-point scale (4: Totally agree; 1: Do 
not agree at all), with the exceptions described below. Table 2 shows the question items and the 
average responses from the experimental and control groups. 

“Learning to read stepwise” was accepted as a method by both groups, as reflected in the test 
results. However, is the groups differed strongly in their assessment of the construction teaching 
method, which was learning to construct stepwise for the experimental group and learning to construct 
as usual for the control group. Also, it is clear that there is a difference in feelings related to teaching 
materials between the groups, even in other questions. In addition, responses to questions that were 
posed to the experimental group only indicated that stepwise learning of construction was highly 
evaluated. With regard to the question “After stepwise reading, is stepwise construction or the usual 
construction most effective?” respondents preferred stepwise construction (coded as 4). 

To summarize the questionnaire results, (1) a high evaluation was obtained for stepwise 
learning, and (2) after stepwise reading, the same results occurred for “stepwise construction” and 
“the usual construction.” From this, we evaluated stepwise learning of construction. 

Table 2: Questionnaire results 

Question Exp. 
Avg 

Ctrl. 
Avg 

Does learning with this material lead to structural understanding? 4.00 3.00 

Does learning with this material lead to recognizing programs as parts? 3.80 3.25 

Did you recognize the importance of structurally understanding through experiments? 3.80 3.25 

Were the learning contents in the teaching materials effective in solving the post-test? 3.40 2.75 

Is stepwise reading effective for understanding the program? 3.80 3.50 

Is stepwise construction effective for understanding the program? 4.00 - 

Is stepwise reading and construction together effective for understanding the program? 3.80 - 

After stepwise reading, is stepwise or usual construction more effective? 3.40 - 
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5. Evaluation of Learning to Construct Stepwise  

Although preliminary experiments on paper media in Section 4 suggested the effectiveness of learning 
to read stepwise, the evaluation of learning to construct stepwise did not have sufficient power. We 
therefore developed a system for stepwise learning of construction and performed evaluations using 
that system (Koike & Tomoto, 2017). 

5.1. Learning Support System Overview  

Figure 5 shows a screen of the system. In this system, each part is positioned as a block, each 
conventional programming statement is defined as a standard block, and parts extended by adding 
new statements and existing parts to a standard block are defined as an advanced block. The system is 
intended to support programming instruction that builds structural understanding of programs by 
setting advanced blocks to be constructed as goals and promotes learning by showing combinations of 
blocks that are easier to conceive before more difficult ones. 

In the operation of this system, first, the minimum unit algorithm to be learned from the 
system at the center upper part of the screen is presented as an advanced block (ex. sort two 
variables). Second, to construct the advanced block, the learner adds the block (ex. advanced block of 
"swap", standard block of "if") from the block list on the left side of the screen to the work area in the 
center of the screen. Third, the learner aims to build an advanced block by freely changing the value, 
order and hierarchy of the added block in the work area. Finally, the student answers from the answer 
button on the upper right of the screen, and if it is wrong, it adjusts again in the work area. In this 
series of work learners can freely obtain hints and partial answers from the system. 
 

 

Figure 5. Screenshot of the “learning to construct stepwise” system. (Koike & Tomoto, 2017) 

5.2. Experimental Method 

The subjects were 17 students who had studied programming for three years in programming lectures 
and had already acquired basic concepts such as “for” and “if” statements, sorting algorithms, and use 
of functions. We administered a 15-minute pre-test that contained 8 questions that can be developed 
in series (including 4 basic problems and 4 learning-transfer problems) to measure fundamental 
programming and design skills. For the basic problems, we prepared problems in the range of learning 
tasks. For learning-transfer tasks, we prepared problems beyond the scope of learning materials but 
that could be solved by transferring learning. Also, the pre-tests called for structuring such as 
functionalization in each problem to the extent possible and instructed that respondents reuse earlier 
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answers in other problems. These evaluations made two types of evaluations: a simple score that 
evaluated whether the procedure is correct, and a structured score that evaluated functionalization and 
reuse in other problems. Based on the results, we divided participants into an experimental group (9 
subjects) to learn using the proposed system and a control group (8 subjects) to learn the same 
problem via a paper medium. Groups were chosen such that the average score and distribution of 
scores were as similar as possible. The subjects first learned using the system or paper media after 
studying the material for 30 minutes. After that, we carried out a 15-minute post-test with the same 
contents and evaluation as the pre-test. After the post-test, we conducted a questionnaire using a 4-
point evaluation on the learning methods and teaching materials. 

5.3. Experimental Result and Consideration 

Tables 3–7 show the scores of the pre- and post-tests of the experiment and control groups and the 
results of the test. All tests were evaluated at a significance level of 5%. 

Table 3 shows the simple and structured score evaluations for the pre- and post-tests. The 
simple score data in Table 3 shows that the experimental group had a lower score than did the control 
group in in the pre-test, but a higher score than the control group in the post-test. Table 4 shows the 
results of ANOVA on the simple scores of the basic and learning-transfer problems in the pre- and 
post-tests. In Table 4, there were significant differences in test timing. The structured scores in Table 
3 show that in the pre-test, although scores in the experimental group were higher than those in the 
control group, the average value of the experimental group in post-testing is higher than that in the 
control group, and the difference in test timing scores is larger than the control group in the post-test. 
To investigate between-group effects, Table 5 shows mean values for A–B interaction in the simple 
scores for the basic and metastasis problems. A significant trend is seen in the metastasis problem for 
the experimental group. Table 6 shows the results of ANOVA for the structured score of the basic and 
learning-transfer problems in the pre- and post-tests. In Table 6, significant differences were found for 
group, test timing, and A–B interactions. Table 7 shows the mean values for A–B interaction in the 
structured scores for the basic and learning-transfer problems. The table shows significant differences 
in the experimental group not only for basic problems in the learning range but also for the learning-
transfer problems exceeding the learning range. Therefore, from the results of the pre- and post-tests, 
significant results were obtained for structuring in the experiment group, so the system can be 
considered useful for structural understanding of the program. Also, since there was a significant 
difference in the experimental group for test timing, the score in the experimental group improved 
more than that in the control group. 

Table 3: Test score results 

 
Simple score Structured score 

 
Pre Post Difference Pre Post Difference 

Experimental group 1.44 4.67 3.22 0.33 3.22 2.89 

Control group 1.50 3.88 2.38 0.25 0.63 0.38 

Table 4: Results of ANOVA for the simple scores 

 
Basic problem Learning-transfer problem 

Factors SS df F SS df F 

Group 0.08 1 0.05 1.83 1 0.65 

Error 24.86 15 
 

42.05 15 
 

Test timing 23.14 1 39.17* 11.12 1 21.02* 
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Interaction 0.08 1 0.14 2.30 1 4.34 

Repetitive error 8.86 15 
 

7.94 15 
 

*: p (<0.05) 

Table 5: Means for A–B interaction for the simple scores 

 
Basic problem Learning-transfer problem 

Factors SS df F SS df F 

Group (pre-) 0.00 1 0 0.01 1 0.01 

Group (post-) 0.16 1 0.14 4.12 1 2.47 

Test timing (experimental) 10.25 1 17.35* 11.76 1 22.23* 

Test timing (control) 12.97 1 21.96* 1.65 1 3.13 

*: p (<0.05) 

Table 6: Results of ANOVA for the structured scores 

 
Basic problem Learning-transfer problem 

Factors SS df F SS df F 

Group 3.46 1 6.67* 4.17 1 4.56* 

Error 7.78 15 
 

13.72 15 
 

Test timing 6.90 1 17.67* 4.50 1 10.49* 

Interaction 3.61 1 9.24* 3.09 1 7.20* 

Repetitive error 5.86 15 
 

6.44 15 
 

*: p (<0.05) 

Table 7: Means for A–B interaction for the structured scores 

 
Basic problem Learning-transfer problem 

Factors SS df F SS df F 

Group (pre) 0.00 1 0.00 0.04 1 0.06 

Group (post) 7.07 1 15.54* 7.22 1 10.75* 

Test timing (experimental) 10.25 1 26.23* 7.53 1 17.54* 

Test timing (control) 0.26 1 0.68 0.07 1 0.15 

*: p (<0.05) 

5.4. Questionnaire Results and Consideration 

Tables 8 and 9 show the results of the questionnaires given to both groups using a 4-point scale (4: 
Strongly agree; 1: Do not agree at all) and the results as analyzed by a chi-squared test to show 
differences between the distribution of both groups. 
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In the chi-squared test, scores of 3 or 4 were evaluated as positive, and scores of 1 or 2 as 
negative, at a significance level of 5%. Table 8 shows the results of a questionnaire inquiring as to the 
importance of each question item. In these results, differences in distribution did not appear in either 
the experimental group or the control group for each question item, and there was no notable 
difference for each skill. However, as Table 9 shows, there were differences in the results of a 
questionnaire asking whether each of the learning materials used for the experimental and control 
groups would improve each skill, indicating that the learning materials for the experiment group were 
more useful. There was no score less than that for the learning material of the control group. 

Table 8: Results from a questionnaire on importance of skill 

Questions Exp. 
Avg 

Ctrl. 
Avg 

Skill in recognizing chunks of programs as parts 3.78 3.50 

Skill in understanding relations between programs 3.78 3.88 

Skill in increasing reusability for each program 3.78 3.75 

Skill in structurally understanding programs 3.78 3.88 

*: p (<0.05) 

Table 9: Results from a questionnaire related to learning materials 

Questions Exp. 
Avg 

Ctrl. 
Avg 

Did the material lead to understanding programming? 3.00* 2.25 

Did the material lead to understanding relations between programs? 2.89* 1.63 

*: p (<0.05) 

6. Discussion and Future Works 

This research showed that structural understanding is important for understanding relations between 
statements and for recognizing meaningful clusters of multiple statements in order to perform 
structural design in designing system development. Also, for structural understanding, we considered 
it necessary to reconstruct prior knowledge. Prior knowledge is divided into semantic and syntactic 
knowledge, and we consider that reconstructing relations in semantic knowledge leads to structural 
understanding. It is thought that low-level and high-level semantic structures are separate in the 
understanding process of programmers, and that it is necessary to reconstruct semantic structures with 
stepwise support. From previous research, stepwise abstraction has been proposed for stepwise 
learning of reading, and expandable modular statements have been proposed as a tool for stepwise 
learning of construction. Contributing to the reconstruction of semantic structures by integrating these 
methods is considered as learning to understand stepwise. Preliminary experiments were conducted to 
verify this method. These experiments showed an effect for learning to read stepwise, but no effect for 
learning to construct stepwise. For that reason, we evaluated a system for stepwise learning of 
construction and obtained significant results, indicating that stepwise learning is effective for both 
reading and construction. We therefore suggest that learning to understand stepwise is possible. 

Future works will include system development using the proposed method and devising 
experimental methods to verify its learning effects. 
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Abstract: Metacognitive thinking skills are essential for learning. Performing writing 
activities with experts is a great opportunity for learners to construct metacognitive knowledge 
by inferring experts’ critical reading processes. In this study, we refer to “metacognitive 
inference activities” as learners’ inferring activities of experts’ metacognitive knowledge in 
their critical readings. In order to promote such learners’ metacognitive inference activities, 
we first discuss about learning processes using learners’ own academic paper and eye-
movements during their critical reading to find metacognitive knowledge without instructions. 
Then, we propose a system featuring three types of visualization based on learners’ and 
experts’ eye-movements information. Experimental results showed that the visualized 
information of comparative heat map (C-view) and experts’ eye-movement processes (EM-
view) promote learners’ metacognitive inference activities. More specifically, EM-view 
increasingly promotes their reflections toward being aware of metacognitive knowledge 
without instructions.  

Keywords: Metacognitive inference activity, metacognitive knowledge, eye-movements, 
critical reading processes 

1. Introduction 

Metacognitive thinking skills for performing monitoring and control of one’s own thought are an 
essential and important competency/ability in various fields/domains such as business activities, 
problem-solving, reading and learning (Flavell, 1979; Schraw and Dennison, 1994). Since thinking 
itself is unobservable even by the subjects themselves and chaotically behaves, we are often faced 
with situations in which we cannot exert our metacognitive skills appropriately. It is therefore a good 
chance for learners to perform writing activities so that they develop such metacognitive skills 
(Hacker, Keener and Kircher, 2009). By monitoring one’s own sentences seen as visible expressions 
of own thought (Baker, 1989), one can realize the inconsistency or logical contradictions, so as to 
reconstruct one’s own thought.  

However, in writing academic reports, it is difficult for ordinary learners to be aware of 
logical inconsistencies or lacks of some viewpoints even by monitoring their own documents. On the 
other hand, experts can do well by demonstrating their metacognitive monitoring activities in their 
critical reading processes according to the cognitive dissonance. Consequently, marks, comments and 
error-corrections attached to the documents by the experts are results of their metacognitive activities. 
It is essentially a good chance for learners to become aware of their immature metacognitive thinking 
processes by carefully reading experts’ intentions from their corrections or comments. However, in 
most situations, learners tend to dedicate themselves to just adopting experts’ corrections without any 
careful reading of intentions underlying such corrections; They do not tend to adopt a learning-
oriented behavior but rather a problem-solving oriented one, i.e., they set their goals to finish writing, 
and even when they tried to infer, it is difficult since the metacognitive processes of experts are 
implicit and only their corrections are described in the documents in many cases (Schraw and 
Moshman, 1995).  
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On the other hand, it would be beneficial for learners to find meaningful metacognitive 
knowledge by themselves in their thought context rather than to be taught metacognitive knowledge 
as principles in a context independent situation. In our research, we define “metacognitive inference 
activities (MIA)” as learners’ activities of inferring experts’ metacognitive knowledge in their critical 
readings of learners’ documents. We aim to prompt learners’ metacognitive inference activities to find 
their meaningful metacognitive knowledge by developing useful learning methods whereby the 
learners themselves concentrate on the task with the clue of indirect information in order to train their 
critical reading skills, and also to cultivate their attitudes towards performing metacognitive learning. 
As an example of promising stimulation that affects learners’ question generation activities for 
promoting MIA, we focus on the ‘eye-movements’ of learners and experts during their critical 
reading. 

In this paper, we set a research hypothesis that a part of metacognitive thinking processes 
appears in readers’ ‘eye-movements’ during their critical reading. According to cognitive load theory 
(Sweller, Van Merriënboer and Paas, 1998), appropriate instructional designs can reduce extraneous 
cognitive load and redirect learners' attention to cognitive processes that are directly relevant to the 
construction of schemas. Therefore, we carefully design learners’ learning activities and provide eye-
movements information as stimuli for promoting their MIA by causing attention. Several studies have 
focused on utilizing eye-movements for promoting learning activities. Jarodzka, et al. (2013) 
investigated the effects of showing the eye-movements of experts with multimedia learning materials. 
The result showed that eye-movements information contributes to having a gain in guiding students’ 
attention and also fostered learning by improving students’ visual search and their ability to identify 
relevant information. While the basic idea of our study is similar to Jarodzka’s approach, we used 
eye-movements of experts as stimuli for promoting MIA. Merten and Conati (2006) proposed a 
student model designed to assess learner’s metacognitive activities based on eye-movements during 
interaction with an adaptive learning environment for the domain of mathematical functions. By 
comparison with the related works, our study focuses on indeterminate-formed academic documents 
as learning materials and adopts eye-movements information as stimuli to support for learners to infer 
experts’ metacognitive models in their minds. In the rest of the paper, in section 2, we first consider 
the difficulties of metacognitive knowledge acquisition, and design effective learning processes to 
promote learners’ metacognitive inference activities. Then, in section 3, by utilizing learners/experts 
eye-movements information, we propose three types of visualization methods intended to promote 
learners’ metacognitive inference activities without direct instructions. In section 4, we discuss the 
experiments to analyze the effects of the visualization methods. In the experiments, we also mention 
the effects of ‘think-aloud’ data during experts’ critical reading as a direct way of representing their 
metacognitive activities. Finally, we conclude in section 5.  

2. Learning Design for Promoting Metacognitive Knowledge Acquisition  

2.1. Difficulties in Constructing, Teaching, and Applying Metacognitive Knowledge 

Figure 1 describes a flow of academic documents elaboration. We focus on learners’ academic reports 
or research papers elaboration activities which also involve cooperative discussions with experts. 

 
Figure 1: Flow of Elaborating Documents with Experts. 
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In the process of discussion among learners and experts (Fig. 1(1)), they consider which 

contents/topics should be included and explicitly share their ideas with each other. Learners then try 
to externalize their base-T, and check logical consistencies via critical reading. In this process, 
learners read their own externalized documents and conduct metacognitive monitoring and control in 
their thought (Fig. 1(2)). It is difficult for ordinary learners to detect and correct logical 
inconsistencies thoroughly because of their immature metacognitive thinking skills, whereas experts 
can do so via critical reading (Fig. 1(3)). In the process, experts attach marks, comments and error-
corrections on the documents as results of their metacognitive activities. While these correction 
results could be used as clue to find metacognitive knowledge for monitoring and control (correct) 
their own thought, learners rather dedicate themselves to just modifying the documents based on 
correction results without deep consideration of the reasons why such corrections were performed 
(Fig. 1(4)). Thus, they tend to lose precious opportunities to construct their metacognitive knowledge 
by inferring the experts’ metacognitive processes of how they critically read the documents.  

The necessity of constructing metacognitive knowledge as well as when and how they should 
be applied by learners themselves was reported (Schraw, 1998). In many situations however, learners 
often lack of consciousness about constructing metacognitive knowledge, so that they just tend to 
focus on modifying superficial error-corrections (difficulty 1). In addition, even if learners try to infer 
experts’ correction processes/intentions, it is no less difficult to do so, since the correction processes 
of how experts find logical inconsistencies and contradiction do not remain in the results (difficulty 2). 
On the other hand, the importance of teaching to learners the metacognitive knowledge by experts 
was also pointed out (Wilson and Bai, 2010). However, it is difficult for experts to directly verbalize 
metacognitive knowledge because of its essentially implicit nature (Veenman, Van Hout-Wolters and 
Afflerbach, 2006) (difficulty 3). Furthermore, even if experts teach learners about certain 
metacognitive knowledge as general principle, to simply know is one thing, and to apply them in 
one’s own thought context is quite another story (difficulty 4).  

Table 1 summarizes the difficulties mentioned above and their implications in constructing, 
teaching, and applying metacognitive knowledge. We tackle these problems by designing learning 
processes so as to reduce these difficulties and prompt learners’ metacognitive activities in order to 
help them find fruitful metacognitive knowledge in their thought contexts. 

2.2. Learning Design to Promote Metacognitive Inference Activities 

In this study, as discussed in the previous section, we focus on leaners’ documents production 
activities with experts and consider them as great opportunities to foster learners’ context-aware 
metacognitive knowledge construction. We set a research hypothesis that eye-movements during 

Table 1: Factors of Difficulties in Constructing, Teaching, and Applying Metacognitive Knowledge. 

Viewpoints Factors of difficulty 

Constructing 
metacognitive 

knowledge  

D1: Difficulty of being motivated to attempt to construct the metacognitive 
knowledge 

D2: Difficulty of inferring experts’ metacognitive activities based on their 
correction results 

Teaching 
metacognitive 

knowledge 
D3: Difficulty of verbalizing implicit metacognitive knowledge 

Applying 
metacognitive 

knowledge 

D4: Difficulty of applying general metacognitive knowledge in own specific 
thought contexts 
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one’s critical readings reflect a part of the one’s metacognitive activities. Then, we employ the 
learners’ eye-movements during their critical readings to their own documents and experts’ ones as 
learning materials. Based on the eye-movements data, we design promising visualization methods for 
promoting learners’ MIA to construct their metacognitive knowledge (see section 3). In the rest of this 
section, we discuss the appropriateness of our learning materials settings and learning activities (Fig. 
2) to reduce the difficulties described in Table 1. 

Learning materials: In order for learners to apply their metacognitive knowledge, it is 
desirable that they carefully consider learning materials in terms of their own thought contexts. To 
solve the difficulty of D4, we do not employ pre-arranged learning materials but rather employ 
learners’ documents production activities, especially critical reading activities in writing their own 
academic papers. In comparison with reading activities of novels and essays in which ordinary 
learners concentrate on understanding and enjoying the written contents, creating an academic paper 
essentially requires their critical readings. 

In general, in order to create academic papers, learners and experts first share contents that 
should be written in documents through discussion (Fig. 2(i)). Then, learners try to organize the 
contents as documents in a logical manner (Fig. 2(ii)). Since the documents reflect their thought 
contexts of research activities, they should write the contents with deep understanding of their own 
research. However, in most cases, it is difficult for ordinary learners (novice writers) to critically 
check their own written contents because of lacking of metacognitive skills, whereas experts can read 
and correct them critically from the standpoint of research collaborators. 

A simple but promising idea here is to focus on the differences in critical reading activities of 
learners and experts, which reflect the differences of their metacognitive activities. In the flow of 
creating the paper by learners, we focus on eye-movement processes captured just before their 
submissions to experts (Fig. 2(iii)). These activities can be regarded as learners’ final critical reading 
processes to check whether there exists logical inconsistencies and gaps between what they wrote and 
what they intended to write. In addition, we utilize experts’ eye-movements during their critical 
reading of submitted documents by learners (Fig. 2(iv)). Of course, the experts’ eye-movement 
processes differ from learners’ ones. It is expected that these differences could be utilized as 
stimulation for activating learners’ MIA. In this way, we tackle the difficulty of D3 by not teaching 

 

Figure 2: Learning Design for Promoting Learners’ Metacognitive Inference Activities. 
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the metacognitive knowledge explicitly but utilizing the eye-movement processes during critical 
readings as learning materials in an indirect fashion. 

Learning activities: In order to reduce the difficulty of D1, we develop a visualization system 
of captured eye-movement information that allows leaners to concentrate on MIA to construct their 
metacognitive knowledge in their thought context (Fig. 2(v)), e.g., “the expert might be paying 
attention to conjunctions representing logical relationships between previous-and-next sentences.” To 
not provide correction results (answers) but rather the processes of eye-movement information 
contributes to eliminate the difficulty of D2. By devising visualization methods as promising stimuli, 
we expect that learners can be aware of their immature metacognitive activities, so that they try to 
construct their new metacognitive knowledge by themselves without instructions. 

3. Developing System 

The methodology of using the eye-movement information as stimuli to promote a learner’s 
metacognition have not yet been proposed. We propose a promising idea that promotes learners’ 
metacognitive activities to find metacognitive knowledge by themselves without instructions. More 
concretely, we proposed three types of visualization methods, i.e., comparative heat map, overlaid 
degree heat map, and eye-movements visualization, each of which is designed to trigger learners’ 
awareness based on the differences between the learner’s own eye-movements and those of an expert 
during check/correction of the learner’s document.  

 

Figure 3: Interface of the System 

 

 

      

 

Figure 4: Three Types of Visualization. 
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In order to utilize a learner’s and an expert’s eye-movements, we developed a system that 
captures and records their gaze data when reading a document. Figure 3 shows the interface of the 
system that embeds a screen-based eye-tracking device (Tobii Technology). The system starts when a 
learner inputs a target document as text format in Japanese, then it divides the texts into a set of 
minimal word units each of which has a syntactic function using a Japanese dependency parser (Kudo 
and Matsumoto, 2002). After processing, the system automatically sets area-of-interest (AOI) regions 
to respective word units and displays them. Based on the AOI regions, the system detects if the eye-
movements fall within such an AOI at each frame; it records the timing of the user’s eye-movements 
on the objects on a millisecond time scale and their respective IDs, whereas AOIs are transparent so 
as to be invisible for learners.  

Based on the recorded information, the system can provide the following three types of 
visualization:  

Comparative heat map (C-view): This visualization method is designed to make the learner be 
aware of the differences between gazing-time of respective sentence-objects of him/her and those of 
the expert so that he/she can find metacognitive knowledge. The interface includes two heat maps 
each of which statically represents the aggregations of gazing times of the learner (left side) and 
expert (right side) at each sentence-object (Fig. 4). In the heat maps, the background color of each 
sentence-object becomes darker red proportionally to their gazing time at the object. The proportional 
density of each sentence-object is set up by two steps: First, we calculate the total gazing times at the 
object. Then, we calculate the normalized total time of each object by dividing the total gazing time 
by the number of characters that compose the object.  

Overlaid degree heat map (OD-view): This visualization method is designed to emphasize the 
difference between total gazing time of a learner and an expert on each sentence-object by overlaid 
degree information based on the above C-view. Figure 4 shows the interface of OD-view. Here, we 
use four types of combinations of learner and expert’s gazing degrees (‘frequently’ / ‘scarcely’) to 
each sentence-object as shown in Table 2. We heuristically define the combinations that could 
contribute to making the learner be aware of metacognitive knowledge based on the information such 
as only the expert focused on certain sentence-object (i.e., learner = ‘scarcely’ and expert = 
‘frequently’) and both of them focused on (i.e., learner = ‘frequently’ and expert = ‘frequently’).  

Respective degrees for each object are calculated by following three steps: First, we calculate 
normalized density of each statement-object by the same way of C-view. Then, we calculate both the
µ  (mean) and σ  (standard deviation) of the normalized densities of all the statement-objects for the 
learner and the expert, respectively. Finally, we judge whether ‘frequently’ or ‘scarcely’ by 
calculating if the normalized density of certain statement-object is greater than σµ +  (‘frequently’) 
or smaller than σµ −  (‘scarcely’). 

Eye-movements visualization (EM-view): This represents the untouched ‘processes’ of eye-
movement of reading/correction activity according to the timing data of the expert’s eye-movements 
to statement-objects. Through the EM- view, the learner can follow the expert’s reading processes 
which reflects his/her metacognitive knowledge activities. In the interface, the gazed statement-object 
at the time is highlighted in turn. While this visualization method might be quite straightforward, we 
expect that it could help the learner touch the expert’s metacognitive monitoring processes, i.e., how 
the expert reads the document by monitoring his/her gazing processes, e.g., he/she is repetitively 
gazing at the same part. 

4. Experimental study 
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In the previous section, we introduced three types of visualization methods (C-view, OD-view and 
EM-view). In our previous work, we have already conducted initial experiments to confirm whether 
the displayed information in the C-view and OD-view promotes the learner’s MIA (Ogino et al., 
2016). Through observing gaze information in respective views, we asked learners to attempt to infer 
the expert’s metacognitive monitoring activities. The results showed that some of the learners become 
aware of intentions underlying expert’s corrections, even though we do not expect their inference 
results to exactly match the expert’s ones; we rather aim to get them be aware of the usefulness of 
inferring metacognitive knowledge. 

The previous experiments focused on clarifying the usefulness of gaze information appearing 
in respective views for prompting their metacognitive activities, especially from the viewpoint of 
differences between the amounts of gazing targets (statement-objects) of the learner and expert (i.e., 
C-view and OD-view). On the other hand, since eye-movement involves the motion in the first place, 
it is worthwhile to check whether the information of eye-movement processes (i.e., EM-view) could 
also contribute to promoting the learner’s metacognitive monitoring activity. Let’s note that a lot of 
naked eye-movement information may impose cognitive load on the learner, which might result in 
disturbing their MIA.  

Therefore, the objective of this experiment is to analyze the effects of the displayed 
information of the active eye-movement (EM-view) in addition to the static one (C-view) in terms of 
promoting the learner’s MIA.  

Furthermore, we conducted the experiment using expert’s verbalized thought information 
during the correction processes by think-aloud method (Jaspers et al., 2004) in addition to the eye-
movement information. Then, we analyzed the effects of the metacognitive knowledge acquisition as 
the final goal of our research by increasing the information gradually. 

4.1. Experimental Setting 

In the experiments, we had seven participants as learners, who are laboratory members 
(undergraduate and graduate students), two of their supervisors from the same laboratory as experts. 
As learning materials, we used a summary document of each learner’s own research. The research 
summary should include research backgrounds, objectives, approaches, and so on in a logical and 
coherent manner. Each document included about 2,000 characters in Japanese. In order to record the 
participants’ gaze data, we asked the participants to check their documents using the eye-movements 
capturing system shown in Fig. 3 just before submission to their supervisors. Also, we asked the two 
experts to perform reading/correction activities of the submitted documents on the system.  

Table 2: Combinations of Gazing Degrees of Learner and Expert and the Highlight Color. 

Learner Expert Highlight color 

‘frequently’ ‘frequently’ Red 

‘scarcely’ ‘frequently’ Orange 

    

   

 

 

Figure 5: Experimental Procedures. 
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4.2. Experimental Procedure 

Figure 5 represents the experimental procedures and Table 3 shows questionnaires used in the 
experiments. The experimental procedure is composed of two phases: data collection phase (P1 and 
P2) and learning phase (P3, P4 and P5). The learners undertake the task of P1, P3, P4 and P5 and the 
experts only do P2. 
 

Data collection phase: 

P1. Critical reading by learners: After learners proofread their documents, they calibrate the 
eye-tracking devices and critically read their respective documents using our eye-movements 
capturing system. 

P2. Critical reading by experts: After experts calibrate the eye-tracking devices, they read 
each learner’s document using the eye-movements capturing system as well as conducting think-
aloud, i.e., say whatever comes into their mind until they finished reading.  
 

Learning phase: 

P3. Reviewing with C-view: The learners were asked to review their documents using C-view, 
and answer Q1 to confirm if the visualized information in C-view promotes their metacognitive 
activities. 

P4. Reviewing with EM-view: The learners were asked to review their documents using EM-
view in which an expert’s eye-movement is displayed. Then, they were asked to answer Q2 to Q5: Q2 
is set to confirm if inferring an experts’ thought processes with visualized eye-movement promotes 
learners’ metacognitive monitoring. Q3 is to clarify whether the EM-view further activates their 
metacognitive activities in comparison with the results of Q1. Q4 and Q5 are to clarify the 
possibilities that the learners themselves could find their metacognitive knowledge. 

P5. Reviewing with EM-view and think-aloud data: The learners are asked to review their 
documents using EM-view with synchronized think-aloud data of an expert. Then, they are asked to 
answer Q6 and Q7 that are set to clarify the possibilities if the learners can acquire metacognitive 
knowledge from the thought information. This was conducted by four learners out of the initial seven. 

Experimental Result and Discussion 

Table 3: Questionnaire Items. 

Q1 List up the points that should be modified in your document by referring to the expert’s gaze 
behavior. 

Q2 Think-aloud what the expert was thinking about during his reading your document by 
referring to his gaze behavior. 

Q3 List up the points that should be modified in your document. 

Q4 Do you think you thought about what you answered in Q2 during your writing/reviewing? 
(yes or no) 

Q5 Do you think you thought about what you answered in Q2 when you wrote other 
documents? (yes or no) 

Q6 List up what the instructor was thinking about during his reading by listening to his think-
aloud. 

Q7 List up what you didn’t conduct in reviewing your own paper but noticed by listening to 
experts’ think-aloud. 
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Table 4 represents the number of each learner’s comments on Q1, Q3, Q6 and Q7. The numbers in 
parentheses of Q6 and Q7 indicate the number of comments which does not correspond to the expert’s 
think-aloud contents. Table 5 shows the examples of think-aloud contents in Q2 by learners during 
their learning phase P4, whereas Table 6 summarizes the total number of learners’ yes-no answers in 
Q4 and Q5. 

 

Effectiveness of Comparative heat map (C-view): 35 comments are totally given by learners in Q1. 
This suggests that adding the visualized information onto their documents, which they judged 
adequate through their critical reading, in each learner’s and expert’s heat maps contributes to 

prompting their MIA to some extent.  

Effectiveness of Eye-movements visualization (EM-view): The results of Q2 (Table 5) suggest that 
learners are prompted to guess what the expert was thinking about by referring to expert’s eye-
movements as clues, so that they were aware of insufficient contents of their documents such as 
description of a technical term not clearly defined. In addition to the results in Q1, 15 

comments were provided in Q3, which suggests that learners become more aware of the 
expert’s intentions when using EM-view in comparison to C-view. These results suggest that 
the expert’s visualized eye-movement processes on EM-view increasingly promote learners’ 
MIA.  

  Table 4: The Number of Comments by Each Learner on Q1, Q3, Q6 and Q7. 

 A B C D E F G 

Q1 4 4 4 16 0 5 2 

Q3 3 4 4 3 0 1 0 

Q6 6 (0) 8 (0) 19 (0) 18 (1) - - - 

Q7 2 (0) 2 (0) 5 (0) 4 (1) - - - 

 

  Table 5: Examples of the Think-aloud Contents in Q2. 

The expert might be checking if the appropriate subject is unified, and if the description is just 
my opinion or a fact that is theoretically backed up. 

The expert might be thinking about the meaning of the term “typical learning” that I used in my 
document. 

The expert might be thinking about a concrete example of “a convinced discussion (which is 
described in his document)”. 
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From the results of Q4 and Q5 (in Table 6), the learners are divided into two groups: one is 
composed of learners who could be aware of metacognitive knowledge they already have during their 
own critical reading processes (Q4: ‘yes’ and Q5: ‘yes’); the other is composed of learners who could 
be aware of new metacognitive knowledge they did not have (Q4: ‘no’ and Q5: ‘no’). Consequently, 
it suggests that the eye-movements of expert’s critical reading processes contribute to learners’ MIA 
and their awareness of new metacognitive knowledge in their thought contexts. 

Effectiveness of expert’s think-aloud information with EM-view: 51 and 13 comments were totally 
provided in Q6 and Q7, respectively. Since the number of comments for all participants was 
superior than in Q1 or Q3, it seems that the stimulation of the think-aloud data prompts the 
learner’s MIA by comparison to the case where only EM-view is provided. However, as shown 
in the results of the numbers in parentheses (Q6 and Q7 in Table 4), almost all learners just 
provided some comments which directly correspond to the expert’s think-aloud contents at face 
value except the learner D’s one. This result indicates that providing the expert’s think-aloud 
data constrains the scope of learners’ MIA, so that they engaged in just commenting the 
untouched expert’s think-aloud contents. As a corroborative evidence, some of the learners 
commented after the experiments that they mainly focused on listening to the expert’s think-
aloud information in the phase of P5, thus they had no room to read between the lines of the 
documents. Therefore, providing the think-aloud data might not only narrow the learners’ 
metacognitive inference activities in a discovery way but also increasing their cognitive loads. 

Based on these experimental results, we confirmed that the visualized information of expert’s eye-
movements prompts learners’ MIA. Especially, providing the expert’s eye-movement ‘processes’ in 
EM-view turned to be a great opportunity for promoting learners’ inference activities. On the other 
hand, we also confirmed that providing the think-aloud data of expert’s critical reading processes has 
negative aspects of their heuristic MIA. Accordingly, in order for learners to fruitfully promote their 
MIA, it is necessary to pay attention to utilizing carefully the think-aloud data with eye-movements 
information. 

5. Conclusion 

In this paper, we proposed a learning method of prompting learners’ MIA. In order to support 
learners’ MIA, we adopt eye-movements information during critical readings that reflects readers’ 
metacognitive activities in an indirect way. In the context of writing academic papers by learners, we 
utilize the eye-movement information of learners’ critical reading processes just before submitting 
them to the supervisors (experts), and that of experts’ ones just after the submission. Based on 
learners’ and experts’ eye-movement information, the system provides three types of visualization 
each of which intends to promote learners’ metacognitive activities to find metacognitive knowledge 
in their thought contexts without instructions. 

Experimental results showed that the visualized information of the comparative heat map (C-
view) and the experts’ eye-movement processes (EM-view) promote learners’ MIA. For instance, 
EM-view increasingly promotes their reflections toward finding out their metacognitive knowledge 
without instructions. In addition, we confirmed the effects of ‘think-aloud’ data during experts’ 

  Table 6: The Total Number of Answers in Q4 and Q5. 

 

Q4 

Yes No 

Q5 
Yes 4 0 

No 0 3 
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critical readings which directly reflect the thinkers’ metacognitive processes. The result indicated that 
think-aloud information constrains learners’ own MIA, so that almost all learners did not focus on 
reading between the lines but rather on listening to the surface of the expert’s think-aloud contents. 

For future works, we plan to conduct further evaluations to establish the validity of our 
proposed visualization methods. In addition, we need to refine the learning design in order to promote 
learners’ MIA under the learners’ self-motivation by eliminating their cognitive loads. 
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Abstract: We have developed an interactive environment for learning using the kit-build 
method (targeted at problem-posing). Furthermore, we intend to apply this system to special 
classrooms. The research domains in this study are arithmetic word problem and reading 
delay. We analyze the structure of the arithmetic word problem to help develop a learning 
environment that allows learners to pose the problems by building the units of the kit given to 
them in the exercise. Meanwhile, in special classrooms, teachers carefully teach disabled 
students arithmetic word problems using a general learning method such as problem-solving 
because of the students’ disability. For example, a picture is used to explain the meanings of 
sentences in a word problem. By analyzing learning methods based on cognitive load theory, 
we argue that if extraneous load is consistent with the disability of the learner, a learning 
method could be realized that would be considered difficult to realize in a special classroom 
by giving learners an appropriate unit kit in the learning environment. In previous research, 
we performed an experiment using the learning environment for problem-posing in a special 
classroom at a junior high school. It is impossible to learn by problem-posing in special 
classrooms, but we achieved success in this exercise with our learning environment. In this 
research, we attempted to realize learning by directly building the structure of an arithmetic 
word problem, which is considered a more difficult learning task than problem-posing. 
Moreover, we report on an experiment we performed using this environment. 

Keywords: Reading disability, kit-build, arithmetic word problem, problem structure, 
cognitive load theory  

1. Introduction 

We have developed an interactive environment to help students learn the structure of an arithmetic 
word problem by building a problem structure (Yamamoto et al., 2012; Yamamoto et al., 2014). For 
example, MONSAKUN Touch 1 is a learning environment in which a learner is able to pose an 
arithmetic word problem by selecting and arranging a given set of sentence cards (Yamamoto et al., 
2012). The learner can learn arithmetic word problems using this system, and it is possible to estimate 
the learner’s understanding of the structure of the arithmetic word problem in this way. Moreover, we 
developed a learning environment with which the structure of an arithmetic word problem can be 
learned by building its structure. We call this system MONSAKUN Tape-Block. These systems can 
be used by students in general classroom, and we found them effective for learning arithmetic word 
problems that can be solved by one-step addition or subtraction. 

In this study, we targeted students with reading disabilities among those enrolled in a special 
support class. Reading disability is a disorder in which great cognitive load must be applied when 
reading a sentence, and it has serious detrimental effects on every type of learning. Students who have 
difficulty reading sentences cannot write sentences, and so students with reading disabilities also have 
difficulty writing. It is also known that there are many students with reading disabilities among 
students enrolled in special classrooms. Therefore, teachers teach these students arithmetic word 
problems much more carefully than in general classrooms. For example, teachers teach students how 
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to solve arithmetic word problems using pictures or explaining the meaning of sentences (Bender, 
2007; Xin et al., 2005). For that reason, activities for extracting quantitative relations from problem 
sentences are sometimes closely supported by teachers, and so it is possible to reduce learning effects 
in problem-solving. In addition, several researchers have developed learning environments that can 
help learners gain the necessary knowledge for spending daily life, which is necessary because for 
students with reading disabilities this task will interfere with their daily life (Fernández-López et al., 
2013). Although there are lectures focusing on such learning in special classrooms, the learning 
progress of special classroom students are delayed and the goals of their learning will be lower than 
the goals of the general classroom. 

Problem-posing exercises have been proposed as one of the most effective learning methods 
for arithmetic word problems (Silver, 1997). It is known that problem-posing is learning that can lead 
to a deeper understanding of arithmetic word problems than can problem-solving. Learners need to 
consider the problem structure of the word problem in such exercises, and thus this type of exercise is 
more difficult than problem-solving. Moreover, learners also need to write the word problem in such 
exercises. Therefore, because learners with reading disabilities cannot write the word problems and 
there is not enough time to support their learning, it is impossible for learners in special classrooms to 
learn by problem-posing. A theory that takes into account the load of learning—namely, the cognitive 
load theory—has been suggested for considering the cognitive load when learners are learning 
(Sweller et al., 1998).  The aforementioned learning support was aimed at decreasing the cognitive 
load of learners, but the type of cognitive load was not taken into consideration in that study. Also, 
generally, teachers could only teach arithmetic word problems carefully using problem-solving. On 
the other hand, we analyzed the cognitive load of learning and the disability of learners and found that 
the load related to reading disabilities was not related to learning in problem-posing exercises. 
Therefore, if we remove the extraneous load related to the reading disability, there is a possibility that 
the problem-posing exercise can be performed. 

We have developed a learning environment with the kit-build method by analyzing the 
structure of arithmetic word problems. It is possible to change the units of the kits given to learners 
based on the analyzed structure of arithmetic word problems when they are learning. Therefore, we 
realized a problem-posing exercise for learners with reading disabilities by developing a learning 
environment that gave appropriate kits to such learners, who then built the kits (Yamamoto & 
Hirashima, 2016; Yamamoto et al., 2016). As a next step, this study attempted to realize learning by 
building the structure of arithmetic word problems for learners with reading disabilities, because this 
learning is more effective for understanding arithmetic word problems than are problem-posing and 
problem-solving. Section 2 discusses learners with reading disabilities and the related cognitive load. 
Section 3 presents the structure of arithmetic word problems, learning by building its structure, and 
cognitive load theory. Section 4 introduces our learning environment for building structure. Section 5 
reports an experimental use. Section 6 presents our conclusions. 

2. Targeted Reading Disability and Cognitive Load of Reading 

A special classroom is a small-group classroom that includes students who need special support for 
their learning. In order to address their disability, the teacher teaches behaviors, communication, and 
other needs of daily life as career education. These students have one or more disorders in the ability 
to listen, think, speak, read, write, spell, or do mathematical calculations. As mentioned earlier, this 
research is intended for students who face difficulties in reading sentences. They experience a greater 
cognitive load than do ordinary people when they read sentences, and so reading comprehension of 
the sentences is slow or impossible for them. Therefore, in order to let learners learn, the teacher 
decreases the load of reading sentences by reading sentences on their behalf, dividing sentences into 
short units, or using pictures expressing the meaning of sentences. 

 Generally, when we understand sentences, we divide them into meaningful chunks; then, after 
dividing the sentences into minimum units such as words and comparing them with the cognitive 
dictionary, we understand the meaning of the whole sentence (Coltheart et al., 2001; Perry et al., 
2007). Therefore, learners with reading disabilities have difficulty understanding the meanings as the 
sentences become longer because it is very hard for them to divide sentences into meaningful chunks. 
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For example, some students with reading disability cannot understand a sentence such as “there are 
three apples and four oranges, so there are seven apples and oranges in total,” but if the sentence is 
divided as “There are three apples. There are four oranges. There are seven apples and oranges in 
total,” some of the students can understand the sentences. Similarly, even if they cannot understand 
“There are three apples,” they can understand “Apple.” Therefore, learners with reading disabilities 
have a different degree of load in recognizing sentences. Of course, if learners feel difficulty reading 
sentences, they also find it difficult to write sentences. Thus, learners with reading disabilities feel 
greater difficulties reading as sentences become longer, and they find it more difficult to write 
sentences than to read sentences. 

3. Learning by Building Structure and Cognitive Load Theory  

3.1. Structure of Arithmetic Word Problem 

In previous research, we defined the structure of arithmetic word problems that can be solved by one-
step addition or subtraction (Yamamoto et al., 2012). We show this definition of arithmetic word 
problems in Figure 1. This arithmetic word problem consists of three simple sentences expressing a 
quantitative concept. These sentence cards contain a quantity, object, and attribute. For example, in 
the first sentence, the quantity is five, the object is apple, and the attribute is “there are.” The attribute 
shows the kinds of quantities: independent quantities express the existence of a quantity and relative 
quantities express relations between other existence quantities. For example, the third sentence 
contains the attribute “altogether.” This attribute expresses the relation between apples and oranges. 
The story of arithmetic word problems is decided by relative quantity sentences, which have the forms 
combine, change-increase, change-decrease, and compare. We call this model the triplet structure 
model (Hirashima et al., 2014). Also, the difference between the story and the problem is whether or 
not the given three simple sentence cards include the required value. In our problem-posing, the 
learner is given a calculation and the story as the assignment, and then he/she is required to pose the 
problem to satisfy the given assignment by selecting and arranging the given sentence cards. 

 The relations of these quantities are shown in Figure 2. We call this expression the part-whole 
relation, and the block shows the relation among the quantity of three simple sentence cards called 
Tape-Block. The upper part of the Tape-Block expresses the whole quantities, for example the 
sentence about apples and oranges. The lower parts of the Tape-Block express the part quantity, for 
example, the sentence about apples and the sentence about oranges. The relations between the three 
quantities in the arithmetic word problem are visualized by this model in each kind of story. 
Therefore, this kind of arithmetic word problem includes three numerical relations, which in this case 
are one addition and two subtractions. In Figure 2, there are three numerical relations, “8−5=?”, 
“8−?=5,” and “5+?=8.” We call this relation the “one addition and two subtractions” relation. 

 There are two kinds of numerical relations in the arithmetic word problems that can be solved 
by one-step addition or subtraction. The story of this arithmetic word problem is divided into the 
addition story and the subtraction story. An addition story is usually expressed by a combine story or 
a change-increase story. A subtraction story is usually expressed by a change-decrease story or a 
comparison story. Therefore, the story of Figure 1 is an addition story. Therefore, the numerical 
relation of this problem is expressed as “5+?=8” because the story of Figure 1 is an addition story. We 
call this numerical relation the story numerical relation. On the other hand, we are able to solve this 
problem with “8−5.” We call this numerical relation the calculation numerical relation. In this 
problem, the story numerical relation and calculation numerical relation are different. We call this 
kind of problem a “reverse thinking problem.” Reverse thinking problems are much harder than 
“forward thinking problems,” in which the story numerical relation and calculation numerical relation 
are the same. 

 We defined the structure of an arithmetic word problem as consisting of a triplet structure 
model, a part-whole relation (one addition or two subtraction relations), the definition of the problem, 
and the story numerical relation and calculation numerical relation. Thus, the learner learns the 
problem structure by selecting and arranging simple sentence cards for the relations among these 
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models. Therefore, the learner comes to understand the simple sentence, the Tape-Block, and the 
numerical relation if they practice exercises using our learning method. 
 

 
Figure 1. Triplet Structure Model.  

 

 

Figure 2. Part-Whole Relation in the Tape-Block and Three Numerical Relations of the Problem in 
Figure 1. 

3.2. Learning by Building Structure 

In order to understand the structure of arithmetic word problems, learners must understand the triplet 
structure model, part-whole relation, difference between the problem and story, and two quantity 
relations (the story numerical relation and calculation numerical relation). In this research, we suggest 
exercises to build the problem structure for understanding these elements. The reason we let learners 
build the problem structure is that almost all students who learn by problem-posing understand the 
arithmetic word problem by a keyword (Hegarty et al., 1995). For example, they think that “combine” 
means addition. We assumed that special classroom students are the same. Also, if learners would like 
to think about the problem structure, the visualization and building structure are effective (Hirashima 
& Hayashi, 2016a, 2016b). 

 Let us now explain the exercise for understanding each element. If the learner learns the 
triplet structure model, he/she should build this model. This exercise is the same as the problem-
posing in previous research (Yamamoto & Hirashima, 2016). In this exercise, the learner is given an 
assignment and several simple sentence cards like “There are three apples.” The assignment requires 
posing a problem that satisfies the given story and calculation. At this time, the learner poses a 
problem by selecting three simple sentence cards from the given sentence cards and arranging them in 
the proper order. The given sentence cards include three correct cards and two or three dummy cards 
that would cause an error. 

 Next, the exercise for understanding the part-whole relation is described. If the learner learns 
the part-whole relation of the problem, he/she should build it as well as problem-posing. In this 
exercise, the learner is given several simple sentence cards (or a problem expressed by simple 
sentence cards), a part-whole relation not applied in any simple sentence cards (excluding the simple 
sentence card from Figure 2), and an assignment. There are two main types of exercises in this 
learning. One is to infer the problem from several given simple sentences and build the part-whole 
relation of the problem. The other is to build the part-whole relation of the problem using the three 
given sentence cards that express the problem. In either exercise, the learner is required to apply three 
simple sentence cards to the part-whole relation in the blank. In the latter exercise, the learner learns 
the correspondence between the part-whole relation and the triplet structure model. 

 Finally, the way to learn the definition of the problem is just to perform the task of changing 
one quantity in the given or posed problem to an unknown. Also, regarding the two quantity relations 
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(the story numerical relation and the calculation numerical relation), the learner can learn by deriving 
each quantity relation from the part-whole relation. Through these exercises, the learner can learn the 
numerical relation in an arithmetic word problem, the part-whole relation, the triplet structure model 
and the relation between these models. 

3.3. Cognitive Load Theory and Each Exercises 

Table 1 shows the cognitive load of each method for learning arithmetic word problems based on 
cognitive load theory (Sweller et al., 1998). The target learning methods are the usual problem-
solving, the usual problem-posing, problem-posing as sentence integration (our suggested problem-
posing), and learning by building structure. Intrinsic load is the fundamental cognitive load required 
for the exercise. Extraneous load is a cognitive load that is not necessary for learning but occurs 
during the exercise. Therefore, it is said that the extraneous load has to be reduced first. Germane load 
refers to the cognitive resources used in learning. Therefore, in any learning shown in Table 1, the 
germane load is the load of generating a schema for the structure of an arithmetic word problem. 

 We now consider the cognitive load of learners with reading disabilities discussed in Section 
2. Learners with reading disabilities feel difficulty in learning activities with cognitive loads related to 
reading and writing sentences because these cognitive loads are very high for them. In usual problem-
solving, the extraneous load includes that of reading comprehension of the sentences as the problem is 
read. Therefore, when the learner performs an exercise in usual problem-solving, the teacher reads the 
sentences instead or converts the story of the word problem into a picture so as to decrease these 
cognitive loads. Next, in usual problem-posing, the load of writing sentences is included in the 
extraneous load as “Write problem.” It is very difficult or impossible for learners with reading 
disabilities to write sentences, and so they cannot learn by problem-posing. However, in these 
exercises, the cognitive loads for reading and writing sentences are extraneous loads unrelated to the 
learning task. Therefore, we assumed that learners with reading disabilities can perform various 
exercises if we can eliminate this load through the learning environment. In other words, we realized 
the type of learning that learners with several disabilities can learn by themselves through trial and 
error without the teacher’s support. For example, in problem-posing as sentence integration, the 
learner poses the problems by building several simple sentence cards, not by writing word problems. 

 In problem-posing as sentence integration, the task of writing sentences is replaced by reading 
simple sentences by keeping learning effect (Yamamoto et al., 2012). This method was realized by 
defining the model described in Section 2. In fact, problem-posing exercises that have been deemed 
impossible for learners with reading disabilities in previous research can be performed by them 
(Yamamoto & Hirashima, 2016; Yamamoto et al., 2016). Therefore, we assumed that learners with 
reading disabilities can solve arithmetic word problems by building the problem structure if we can 
extract the elements necessary for considering the problem structure and give them the problem in 
understandable kits. In addition, it is necessary to understand the expression of the part-whole relation 
(the Tape-Block). Since this is a graphical expression, we thought that it is understandable to learners 
with reading disabilities. 

Table 1: Cognitive Load of Each Exercise.  

 Usual problem-
solving 

Usual problem-
posing 

Problem-posing as 
sentence integration 

Learning by 
building structure 

Extraneous 
Load 

Read problem / 
Write calculation 

Write problem Read simple 
sentence 

Read simple 
sentence / know 
Tape-Block 

Intrinsic 
Load 

Finding numerical 
relation / Thinking 
each quantity 

Thinking numerical 
relation / Thinking 
triplet structure 
model 

Thinking numerical 
relation / Thinking 
triplet structure 
model 

Thinking numerical 
relation / Thinking 
triplet structure 
model / Thinking 
one addition or two 
subtractions 

Germane Think solution Think problem Think problem Think problem 
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Load method structure structure structure deeply 

4. Interactive Learning Environment for Building Structure: MONSAKUN Tape-
Block  

The interface and each assignment of our learning environment is described in this section. Figure 3 
shows the interface of MONSAKUN Tape-Block, the learning environment for building the 
arithmetic word problem structure. First, the learner log in this system is used to select the learner’s 
class and grade. After that, the learning environment displays the interface for the level selection to 
the user. The learner selects one of the levels from one to ten in this interface. When the learner 
selects any level, our learning environment shows the interface of the exercise as shown in Figure 3. 

  

 

 

(a) Problem-Posing    (b) Building Part-Whole Relation 

Figure 3. Interface of MONSAKUN Tape-Block for problem-posing. 

5. Experimental Use 

5.1. Subjects 

The subjects were thirteen students in a special classroom in junior high school. They had already 
finished learning the arithmetic word problems that can be solved by one-addition or subtraction. 
There were only a few subjects because there are few students in special classrooms in Japan. We 
divided them into the following three groups. Four subjects did not understand simple sentences but 
could read simple sentences (Group A). Four subjects understood and read simple sentences but could 
not read long sentences made up of more than two simple sentences (Group B). Five subjects 
understood long sentences (Group C). These groupings were based on the results of experimental use 
and the judgment of their teachers. 
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5.2. Procedure 

We used two of our learning environments based on learning by problem-posing and building 
problem structure, called MONSAKUN Touch 1 and MONSAKUN Tape-Block. If the learner is 
unable to understand the problem structure, he/she cannot pose the problem in MONSAKUN Touch 
1, so we used MONSAKUN Touch 1 to verify the understanding of the problem structure by each 
subject. In this experiment, a subject first practiced using MONSAKUN Touch 1 as a pretest for one 
lesson; each lesson lasted forty-five minutes. Second, the subject learned using MONSAKUN Tape-
Block in three lessons. Subjects were taught the method of each exercise for the first twenty 

Table 2: Assignment of MONSAKUN Tape-Block.  

Level Assignment Learning 

1 1. Select the kind of story for a given story without 
values. 

2. Set three cards of the given story in the Tape-Block. 

Relation between the story and 
the part-whole relation without 
values. 

2 1. Pose a story by using three simple sentence cards 
without values based on the given story. 

2. Set three sentence cards of the posed story in the 
Tape-Block. 

The structure of each story and 
the relation between the story and 
the part-whole relation without 
values. 

3 1. Pose a story based on a given story and numerical 
relation by using six simple sentence cards. 

2. Set three sentence cards of posed story in the Tape-
Block. 

The structure of each story and 
the relation between the story and 
the part-whole relation. 

4 1. Select and arrange three simple sentence cards in the 
Tape-Block using the six given simple sentence cards 
based on the given story and calculation. 

2. Select three numerical relations expressed by the 
Tape-Block to form five numerical relations. 

The structure of each story and 
the relation between the story, 
part-whole relation, and 
numerical relation on the basis of 
the story. 

5 1. Pose a story by selecting and arranging three 
sentence cards from the given simple sentence cards 
based on the given story and calculation. 

2. Select three numerical relations that are expressed by 
the posed story to form five numerical relations. 

The structure of each story and 
the relation between the story and 
the numerical relation on the 
basis of the story. 

6 1. Set three given value cards in the Tape-Block based 
on calculation. 

2. Pose a story by selecting and arranging three simple 
sentence cards from the six given simple sentence cards 
based on Tape-Block in Step 1. 

The relation between the 
numerical relation, part-whole 
relation, and story based on the 
values. 

7 1. Pose the problem by selecting values from the given 
story. 

2. Set three simple sentence cards of the posed problem 
in Step 1 in the Tape-Block. 

The structure of the problem and 
the relation between the structure 
of the problem, part-whole 
relation, story numerical relation, 
and calculation numerical 
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3. Select a story numerical relation from three given 
numerical relations. 

4. Select a calculation numerical relation from three 
given numerical relations. 

relation. 

8 1‒4. Same as Level 7. 

5. Select an operator from the Tape-Block. 

Same content as in Level 7 and 
operator of part-whole relation. 

9 1. Set two value cards and one required value card in 
the Tape-Block based on the given story numerical 
relation. 

2. Pose the story by selecting and arranging three 
simple sentence cards from six given simple sentence 
cards without values based on the given story. 

3. Set the three values in Step 1 in each sentence card 
of the posed story in Step 2. 

The structure of the problem and 
the relation between each value 
in the problem, the story 
numerical relation, and the part-
whole relation. 

10 Same as Level 9 but the given numerical relation is the 
calculation of the numerical relation in Step 1. 

The structure of the problem and 
the relation between each value 
in the problem, the calculation 
numerical relation, and the part-
whole relation. 

minutes of the lesson and practiced using MONSAKUN Tape-Block for the remaining twenty-five 
minutes. Finally, they practiced problem-posing with MONSAKUN Touch 1 in one lesson. 

 Four teachers in special classrooms and one teacher teaching mathematics participated in the 
experiment. These teachers have evaluated that the subjects who were not able to practice and learn 
using MONSAKUN Tape-Block before the experiment because learning the problem structure is very 
high-level learning for students in special classrooms. However, But teachers would like students to 
learn the problem structure. We therefore suggested the learning method by visualizing and building 
the structure of the arithmetic word problem. We also assumed that (a) subjects who can understand 
simple sentences are able to practice learning with the problem structure, and (b) subjects who can 
understand simple sentences are able to improve their problem-posing performance. 

5.3. Results 

First, we describe the classroom environment during this experiment. Because it is difficult for 
learners in special classrooms to concentrate on learning, it is not certain that they will be able to work 
on exercises like these. Also, teachers reported that learning by building structures was very difficult 
for learners in their class and they thought that many subjects would stop working on the exercises. In 
fact, at first the subjects asked their teachers how to operate the tablet PCs, but after that all subjects 
were able to work on the exercises without a problem. In addition, there were no subjects who skipped 
the exercise in any lesson, and, although several subjects seemed to be struggling, all of them worked 
hard on their exercises. 

Next, we report the results of using MONSAKUN Tape-Block and MONSAKUN Touch 1. 
Statistical analyses could not be performed because the number of subjects was small. First, Table 3 
describes the results for MONSAKUN Tape-Block. All subjects concentrated on the exercise during 
each lesson. Group A achieved Level 7, while Groups B and C achieved Level 10. The average 
accuracy rates were 16%, 45%, and 71%, respectively, for Groups A, B, and C. Therefore, all subjects 
could learn problem structures using MONSAKUN Tape-Block, but Group A found it difficult to 
learn.  
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The results of using MONSAKUN Touch 1 are shown in Table 4, which shows the average 
correct number of the posed problems in MONSAKUN Touch 1 for each type of problem. The 
assignment of reverse thinking problem-posing is the most difficult problem-posing exercise and the 
forward thinking (forward calculation) is the easiest. The results of statistical analyses in all subjects 
could pose the problems with MONSAKUN Touch 1 and were able to improve their performance in 
problem-posing in reverse thinking problems and overall. The difference between the scores on the 
pretest and posttest approached significance (Paired t-test, p = .07 < .1). There was a significant 
difference between the scores on the reverse thinking problem in the pretest and posttest (Paired t-test, 
p = .02 < .05). Next, we analyzed the data for the reverse thinking problem from each group. The 
scores of Group A did not increase because this group did not learn sufficiently using MONSAKUN 
Tape-Block. The scores for Group B, however, increased greatly, which suggests that the learners in 
Group B were able to practice and learn the problem structure using MONSAKUN Tape-Block. The  

Table 3: Average Accuracy Rate of MONSAKUN Tape-Block at Each Level (MAX: 1).  

Group Lv1 Lv2 Lv3 Lv4 Lv5 Lv6 Lv7 Lv8 Lv9 Lv10 
A 0.42 0.28 0.23 0.08 0.11 0.29 0.16 0 0 0 
B 0.54 0.40 0.48 0.36 0.52 0.67 0.71 0.36 0.3 0.14 
C 0.84 0.78 0.86 0.31 0.78 0.74 0.53 0.81 0.74 0.67 

Table 4: Average Correct Number of the Posed Problems in MONSAKUN Touch 1.  

 Forward thinking 
(Forward calculation) 

Forward thinking 
(Reverse calculation) 

Reverse thinking Total 

MAX 12 20 20 52 

group pre post pre post pre post pre post 

A 11.2 9.8 8 9.8 2 2.4 21.2 22 

B 12 12 19 20 3.75 10.25 34.75 42.25 

C 11.75 12 20 20 14.5 16.5 46.25 48.5 

ALL 11.62 11.15 15.08 16.08 6.38 9.15 33.07 36.38 

scores increased in Group C as well, so this group was also able to practice and learn the problem 
structure using MONSAKUN Tape-Block. 

5.4. Discussion 

We reported the results of this experiment in the previous section. First, we described the situation of 
practical use. In all lessons, the subjects concentrated on learning by building problem structures in 
our learning environment. It is very difficult for students in special classrooms to maintain 
concentration. Also, learning by building problem structures was very difficult for the subjects but 
they concentrated on their exercises in all lessons, which greatly surprised their teachers. We 
considered the reason for this result to be that our learning environment provided kits that were 
understandable to subjects and gave them the results of their exercise and feedback immediately 
through automatic diagnosis. Therefore, learners with reading disability were able to practice by 
building the problem structure using MONSAKUN Tape-Block. 

Moreover, the results of the pretest and posttest showed improvements in the problem-posing 
performance of Groups B and C. Thus, learners with reading disabilities can learn the problem 
structure if they can understand simple sentences. Learning by building the problem structure is an 
impossible task for learners with reading disabilities, so this result suggests the possibility of more 
advanced learning in special classrooms. The subjects of Group A, however, were able to practice 
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using the MONSAKUN Tape-Block and MONSAKUN Touch 1 but could not learn the problem 
structure. This means that practicing by visualizing and building the problem structure was effective 
for them but the kit was not suitable for them. We thus had to realize a learning environment for 
building simple sentences. For example, it was considered effective for subjects in Group A to learn 
by building simple sentences before learning with MONSAKUN Tape-Block. This experiment 
verified the stages of reading disabilities. If learners are to understand arithmetic word problems that 
can be solved by one-step addition or subtraction, they must understand simple sentences. Therefore, 
if learners understand simple sentences, they can learn the structure of arithmetic word problem even 
though they have reading disabilities. However, learners who do not understand simple sentences 
need to understand them by building the elements that constitute simple sentences. 

 Finally, the subjects made many mistakes in MONSAKUN Tape-Block and MONSAKUN 
Touch 1 because the feedback of these system presented several sentences, which is not easy for 
students with reading disabilities to understand. Thus, most subjects only used the critical feedback 
that showed whether the answer was correct or not. The feedback for each system must be improved. 

 Using the cognitive load theory, the results of the experiment suggest that more advanced 
learning can be realized in special classrooms by decreasing the cognitive load subject to the learner’s 
disability if the learner’s disability affects the extraneous load. The aforementioned learning does not 
mean an activity where teachers carefully support learners during exercises, but one where the learner 
learns by himself/herself through trial and error. In this research, if learners with reading disabilities 
are given a suitable kit, like simple sentences for learning, they can practice more effectively and 
learn difficult learning tasks like structure building. We also consider that subjects who failed to learn 
using MONSAKUN Tape-Block could learn if they learn simple sentences by building 
understandable kits. 

6. Conclusions 

In this research, we constructed an interactive environment for learning problem structures. It is 
impossible for learners with reading disabilities to learn the structure of arithmetic word problems 
because the learner must read or write a long sentence in usual problem-solving and problem-posing, 
which they find difficult. We analyzed the cognitive load of these types of learning and assumed that 
a learner with a reading disability can learn the structure of a problem if the extraneous load in 
reading and writing a sentence is reduced. We suggested problem-posing exercises and structure 
building exercises by selecting and arranging given simple sentence cards that many learners with 
reading disabilities can understand.  

 We developed this interactive learning environment and performed an experiment using it in 
special classrooms in junior high school. The results show that learners with reading disabilities can 
practice structure building and learn the structure of arithmetic word problems if he/she understands 
simple sentence cards. Learners who cannot understand simple sentences are not able to learn the 
problem structure, but there is a possibility of their learning the problem structure if they learn by 
building simple sentences from a given kit. 

 In future research, we will improve the interface for reading disabilities and verify its effects. 
We will also develop the environment for learning the structures of simple sentences and its practical 
use. Also, the confirmation of our assumptions in other domains, such as in arithmetic word problems 
that can be solved by one-multiplication and division, is important.  
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Abstract: This study reports on the design and use of a second language reading application 
for enhanced comprehension and pleasure reading. The study shows the application design in 
depth, relating it to existing second-language acquisition theories. Quantitative reading 
comprehension scores were compared between reading by using the application and reading 
by using regular text and it also evaluates qualitatively how users perceived the application. 
Results indicate that the software was successful in improving reading comprehension by 
guiding user behavior through its design. However, not all students were optimistic about the 
application as a learning tool given its implicit approach. How the work stands in relation to 
extensive reading is also discussed. 

Keywords: CALL, DBGL, text comprehension, extensive reading, foreign language L2, 
reading 

1. Introduction 

Language acquisition gains from foreign language reading have been shown in past research many 
times (Yamashita, 2008; Yang, 2001). Pleasure reading, often using narratives, where readers engage 
in reading as a leisure activity, allows for reading of large volumes of content, which leads to high 
gains in language acquisition, but shows various problems, like in the time it takes to show those 
gains or in the acquisition of infrequent vocabulary (Cobb, 2007; Harris, 2001). Present research 
shows that the higher the understanding of the text, the higher the language acquisition gains, so 
higher understanding could be used to overcome the problems in pleasure reading. For example, 
higher understanding results in incidental vocabulary learning needing less repetitions in order to be 
effective. Computer-assisted language learning applications have tried to increase the gains of reading 
through various means but, in exchange, not being focused on recreation, they have trouble 
motivating students to read large volumes of content (Wang Y.-H. , 2016; Wang Y.-H. , 2014). The 
problem is that, currently, present research has shown no activity that allows for pleasure reading 
while offering deeper understanding to overcome its shortcomings. 

In order to solve this problem, Furtado, Hirashima and Hayashi (2017) presented an 
application that is designed to support comprehensibility and interest, which results in better language 
acquisition, while still being designed to use narratives to more easily allow for pleasure reading by 
using a structure similar to the one used in certain games. The similarity to games is merely structural 
and not based on extraneous gamification mechanics like achievements or leader-boards and the 
application's elements have been designed for taking in to account both cognition and motivation.  

This paper further elaborates on the work shown by Furtado, Hirashima & Hayashi (2017), 
giving more details on the design, the development process and on the preliminary experiment. 

The application uses a combination of text and image to tell a story while also allowing users 
to create dialogs and then experience those created dialogs. The design of the dialog construction and 
its feedback is made to induce a behavior that best benefits learners who are having trouble in either 
comprehensibility or interest, in order to increase overall understanding of the text and help users with 
foreign language acquisition. 
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2. Related Works and Theories 

2.1. The reading process and reading comprehension 

When explaining reading, the purpose of reading plays a big role. Two examples are reading for 
learning and reading for general comprehension (Khalifa & Weir, 2009). Reading for learning is 
usually done at schools, with the goal of attaining new information and relating it to previous 
knowledge. Reading for general comprehension is the usual reading done by native readers. This is 
the reading done when reading a story for entertainment, or just to get a general idea of what the text 
is about. According to Grabe and Stoller (2013), reading for general comprehension is more 
demanding than reading for learning. That is because reading for general comprehension by a native 
reader is done at a faster pace, uses automatic word processing and has high demands on forming a 
general idea on a small amount of time. Hours of reading would be necessary to achieve this (Grabe & 
Stoller, 2013). 

2.2. Language Acquisition Through Reading 

Acquisition through reading, specially extensive reading  (reading large volumes of content for 
enjoyment), has been amply researched, with gains being shown in multiple areas, such as reading 
comprehension (Hafiz & Tudor, 1989; Hitosugi & Day, 2004), reading strategy (Nishino, 2007), 
reading rate / speed (Hunt & Beglar, 2005), vocabulary acquisition (Horst, 2005; Pigada & Schmitt, 
2006), grammar (Yang, 2001), writing (Elley & Mangubhai, 1983) and attitude/motivation 
(Yamashita, 2013). 

2.2.1. Relation to Comprehensibility and Interest 

The input theory states that, for acquisition to take place, content must be both interesting and 
comprehensible to the reader (Krashen S. , 2005; Krashen S. , 1982). Those 2 elements are taken into 
account in almost, if not all the programs cited in extensive reading research and can be seen in the 
fact that extensive reading classes often allow users to decide what they want to read (thus allowing 
them to pick the content that interests them the most) and are based on graded-readers (which allows 
users to gauge the comprehensibility of a book and try to read content appropriated to their levels). 

2.2.2. Limitations of Extensive Reading 

The gains of extensive reading take time to show up and show up at different rates (Yamashita, 2008), 
which stands in the way of extensive reading adoption.  

The work of Harris (2001) goes over many other limitations of extensive reading, of interest to 
this research is content selection. The problem is not the lack of content but the abundance of content, 
which may make users demotivated if they choose an unsuitable text, a problem also cited by Brown 
(2000). 

 Cobb (2007) argues that it is extreme unlikely that learners can acquire an adequate L2 
reading lexicon through reading alone, because many of the words are not frequent enough. 

2.2.3. The Role of the Computer in Supporting Reading. 

After pointing out limitations in extensive reading, Cobb (2007) points out to how computer assisted 
technologies could support extensive reading to alleviate these problems, such as by linking texts with 
a corpus to provide more context in to which words appear. He also suggests using computer 
generated problems for assisting users in acquiring vocabulary encountered during reading. Examples 
of computer-assisted reading with a similar line of thought to that of Cobb's have been done and they 
showed good results (Wang Y.-H. , 2016; Wang Y.-H. , 2014). However, those approaches, while 
succeeding at increasing vocabulary, are far from the voluntary reading described by Krashen (2005), 
which empowers students to read in great volume. Other works have shown good results in increasing 
reading comprehension but are not focused on reading in volume, instead being focused on 
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understanding and recalling (Alkhateeb, Hayashi, Rajab, & Hirashima, 2015; Alkhateeb, Hayashi, 
Rajab, & Hirashima, 2016). Research that attempted to combine the benefits of both sides has not 
been found. 

2.3. Digital Game Based Learning, computers and reading comprehension 

One definition for Digital Game Based Learning (DBGL) is "the innovative learning approach 
derived from the use of computer games that possess educational value or different kinds of 
application applications that use games for learning and education purposes such as learning support, 
teaching enhancement, assessment and evaluation of learners." (Tang, Hanneghan, & El Rhalibi, 
2009) 

While there have been numerous studies focusing on increasing reading comprehension by 
using computer software and games, they do not fit well with the extensive reading context. In some 
studies they detract too much from reading in order to deepen the understanding (Alkhateeb, Hayashi, 
Rajab, & Hirashima, 2015; Alkhateeb, Hayashi, Rajab, & Hirashima, 2016). DBGL has been used 
successfully for language learning, but even when they do go into reading, they do not integrate 
deeply with the reading process or they are not compatible with long texts (Shelton, Neville, & 
McInnis, 2008; Yudintseva, 2015; Vahdat & Behbahani, 2013; Hitosugi, Schmidt, & Hayashi, 2014). 
There has been little research that focused specifically on designing a software focused on supporting 
reading as the main activity in the context of DBGL and foreign languages.  

2.4. Gameful Design  

One core element of games is challenge. Appropriate challenge that matches the skill of the user will 
greatly affect the experience (Deterding, 2015). If it's too easy, the player will be bored. If it's too 
hard, the player will be discouraged. This fits with the conditions to achieve flow state, a popular 
construct in entertainment research (Bowman, 2008). It also fits with the need for competence from 
the Self Determination Theory (Deci & Ryan, 2012; Przybylski, Rigby, & Ryan, 2010). 

However, game design is not about arbitrarily creating challenge. A game must be both 
accessible and easy to use while still providing a hard experience for the player (Juul & Norton, 
2009).  This means that a game's challenge should not be born from usability issues. It's necessary to 
focus on usability in game design. Also cited as an important element is for the player to have 
freedom to fail and try again, as much as he needs or wants (Deterding, 2015). 

3. Methodology 

3.1. Problem Statement 

As it could be seen in the previous section, an application that can support the gains and shortcomings 
of reading while offering narratives for pleasure reading, as far as researched in this article, does not 
exist at this moment. 

This research aims to fill this gap by presenting an application design that focuses on 
supporting reading comprehension by focusing on comprehensibility and interest, while still being 
based on narrative content to allow for pleasure reading, in accordance to the theories previously 
discussed.  
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Figure 1 Screenshots of the application. To the left we have the story segment (A). To the right, the 
conversation construction segment (B) 

3.2. Application Introduction 

The application consists of story segments and conversation construction segments. Screen-shots of 
both segment types can be seen in Figure 1.  

 As an example of story segment, imagine that Figure 1 (A) shows a boy and a girl meeting 
and exchanging greetings. Both the boy, the girl, the background and their dialog can be visualized by 
the user and the conversation only proceeds upon player input. These segments are linear. 

 To exemplify the conversation construction activity, imagine that in the previous scenario the 
boy is angry about something and the girl wants to ask him why without angering him further. The 
player is requested do create a conversation, from the girl's perspective, that succeeds in asking about 
why he is angry without further angering him. When the user finishes constructing a conversation, the 
system will show the consequences of the constructed conversation. If those consequences are 
appropriated (in this case, if the girl succeeds in asking why he is angry) then a new linear story 
segment will continue. If not (if the girl angers him further), then the user will be requested to try 
again. 

 The conversation construction is where most of the user interaction takes place, where the 
main efforts to increase comprehensibility and interest lie and its design is where most behavior 
influencing is focused on.  

3.3. The Conversation Construction Activity's Design 

This activity consists of constructing a conversation and watching it play out. If the constructed 
conversation is inappropriate, a new conversation will be formed that will give the user insight into 
why that conversation is wrong and into how to create the appropriate conversation. From now on 
we'll refer to the phase of constructing a conversation as the assembling phase and the phase of 
watching the conversation play out as the result phase. Those two phases will be further developed in 
the subsections below. 

The ideal behavior of the user for this activity can be seen in Figure 2. 

 

Figure 2 Ideal user behavior flow for dialog construction activity 



508 

3.3.1. Dialog Construction's Assembling Phase 

This phase consists of forming a sequential dialog by inserting dialog pieces into a grid, like in Figure 
1 (B). However, the user can only insert the pieces related to what one person says. What the other 
person says is already fixed on the grid and cannot be moved. This was a deliberate decision to reduce 
ludo-narrative dissonance (Hocking, 2009): if players ask themselves "if I am the main character in 
the narrative, how come I can control what the other person will say?" that would break immersion.     

Whenever a student fills up all vacant spaces with dialog pieces a button will appear in the 
interface, pressing that button will take the student back to the visual novel section and the result of 
the conversation will play out. 

In regards to Figure 2, this refers to the "Construct a dialog" node. 

3.3.2. Conversation Construction's Result Phase 

First, the system must check if the conversation is appropriated or not, by comparing it to the answer. 
If the conversation is appropriate, it will be shown to the player as it is and the story will go on. This 
refers to the "appropriate dialog case" in Figure 1.  

However, if it's incorrect, the system must logically assemble a new conversation based on the 
player's constructed conversation. It is done by the following steps: 

1. Find the player's first mistaken dialog piece in the conversation by comparing the correct 
conversation with the assembled conversation from top to bottom; 

2. Discard all dialog pieces below the player's first mistaken dialog piece; 
3. Insert the text that has been previously prepared as a reaction to the mistaken dialog piece. 

This text will show up after the mistaken dialog piece; 
4. Insert the text that has been previously prepared as a clue for the correct dialog piece that 

would fit in the position the player made his first mistake. This text will appear after the text 
of the previous step. 

In Figure 1, this would be the inappropriate dialog case. 
This new generated conversation is then shown to the player and, after it's over, the player will 

go back to the conversation construction screen. This process can be better understood on Figure 3. 
 

 

Figure 3 Application flow chart for mistakes during conversation construction 

In the "First mistake reaction", when the conversation goes in to an unexpected flow, the 
actual feedback to the user begins, where they will acquire information on why the card related to the 
"first mistake" is unappropriated and insight in to what dialog piece would be appropriate in that time. 
Users who are reading attentively will also be able to clearly point out which dialog piece has been 
considered inappropriate, since the feedback (the change in the conversation flow) begins at that 
moment. This feedback is effective because it uses the player's inappropriate input to generate a 
conversation, instead of simply stating "this conversation is wrong, the correct one is this one", thus 
allowing players to reflect on their input in a more effective way. This approach is similar to error-
based simulations which have been used in other works before (Horiguchi, Imai, Toumoto, & 
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Hirashima, 2014). This refers to the "Read feedback" and "Extract new information" nodes in Figure 
1. 

3.4. Relation to pleasure reading and Gameful Design 

The application uses narratives and would work with long texts, unlike previously discussed CALL 
approaches, both of which are compatible with what is usually used in pleasure reading on extensive 
reading programs.  

As for Gameful Design theory, our approach for challenge has been through natural, emergent 
difficulty. As we've previously shown, reading comprehension for L2 learners can be a fairly difficult 
task. On extensive reading there is a focus on choosing texts with appropriate difficulty to mitigate 
this difficulty. Our dialog task involves extracting information from the text and using that 
information. As such, it should have a difficulty similar to the reading comprehension process. The 
main difference is that we provide feedback. In our feedback loop, progress will make it simpler for 
him to solve the activity. In this way, every time the user tries to solve the task, he should have more 
information and the task should become easier. 

About freedom to fail, the user is free to fail in our design, not being punished. Furthermore, 
he is also rewarded with feedback from his failure. Also, the way the story proceeds is similar to 
visual novels, a popular game genre (Cavallaro, 2009), which involves reading through long periods 
of time, thus being compatible with pleasure reading. The setup of story sections intersected with 
dialog construction is very similar to the structure of popular games, like Danganronpa released by 
Chunsoft (2010), suggesting that the insertion of the conversation construction activity would not 
negatively impact the recreational aspect of reading. 

4. Experiments and Results 

4.1. Experiment Description 

12 students from a Japanese University's Undergraduate Courses were divided into two groups, group 
A and group B. Both groups were asked to interact with the application and with a digital text 
document. Group A interacted with the application containing content 1 and, afterwards, read a 
document containing content 2. Group B interacted with a text document containing content 1 and 
with the application containing content 2. Both content 1 and content 2 had between 15 and 20 lines 
of text and have had certain words replaced with dummy words. Both groups then were asked to 
answer the same questions of reading comprehension and of dummy word partial meaning 
acquisition. This setup is illustrated in Figure 4. 
     

 

Figure 4 Flow Chart for the experiment 
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Both contents had two dialog construction activities each. Going through them usually took 
participants between 10 and 15 minutes, with application use taking up more time, since users had to 
create the appropriate dialog.  

For this experiment we considered that there was no significant gap in difficulty between 
content 1 and content 2 and also that, since doing the application and the text does not take a lot time, 
the order of application-text and text-application will not significantly influence the score. 

The questions both groups had to answer were divided into 3 sections: 

1. Remembering section 
2. Textual interpretation section 
3. Partial word comprehension section 

In the remembering section users were asked to write as much as they could remember with as 
much detail as possible. The textual interpretation section asked questions about the content such as 
"Did Brian ever get angry in the story? If so, why did he get angry?" The third section showed a small 
excerpt from the text which contained dummy words and asked questions related to the meaning of 
the words. For example, "What is the meaning of the word proard? Describe it to the best of your 
abilities. A vague description and guessing are both fine".     

Afterwards, 7 of the users were asked to answer a user perception survey. For the text 
comprehension section, we have 2 hypothesis: 

1. Scores related to content in the application will be higher than the ones related to the content 
in the document; 

2. Differences between the two groups will not significantly affect the scores.     

For user perception, our only hypothesis is that user will be positive towards the software. 

4.2. Results 

Table 1: Average  scores  and  standard  deviation  for  the  two  groups  and also for all participants.  

Groups Application Text 

A 0.78 (SD 0.08) 0.53(SD 0.18) 

B 0.77 (SD 0.17) 0.44(SD 0.21) 

All 0.78 (SD 0.13) 0.48(SD 0.20) 

Of the 12 participants, only one participant scored higher by reading the text than by using the 
application. If it is assumed that there is no difference between the reading condition and the 
application condition, the probability that of 12 people 11 would score higher is 0.0063 (p < 0.01) by 
a double-sided binomial test. Based on this result, we can say that the application condition is better 
than the reading condition for comprehension.   

Furthermore, by assuming that the two contents are equivalent in difficulty and that the order 
of use does not matter, an analysis of variance has been run with two factors, group A/group B and 
application/text, and the difference in groups was shown to not be statistically significant, while the 
difference between application and text is significant. Average score and standard deviation of each 
group, and for the combined group, can be seen on Table 1. Calculating Cohen's d, for the combined 
group gets us an effect size of 1.78. Both Hypotheses have been met. 

Table 2: Survey results 

Question Strong negative Negative Neutral Positive Strong positive 
1 - - 42.8% 28.6% 28.6% 
2 14.3% - - 28.6% 57.1% 
3 - - 42.9% 42.9% 14.3% 
4 - 14.3% - 14.3% 71.4% 



511 

As for the user perception survey results, results can be found in Table 2. The questions are 
similar to a Likert scale. Favoring the application would be interpreted as positive and favoring text 
documents as negative. The questions are: 

1. Which one is easier to understand, the application or the text document? 
2. Which one makes you want to read it more, the application or the text document? 
3. Which one do you think is better for studying English, the application or the text document? 
4. Was the application easy to use? 

The following trends were found: 

1. In the area of interest, all users except for one had a positive opinion towards the application, 
with over half of the users completely favoring the application; 

2. On perceived comprehensibility and perceived learning, half of the users had a positive 
opinion while the other half had a neutral opinion; 

3. On usability, one user found the application a little bit hard to use, while the vast majority 
thought the application was easy to use; 

4. The user who felt the application is a little bit hard to use is the only one user that was 
unfavorable towards the application in any of the areas. He also favored printed text in the 
area of interest. 

Those trends show that the hypothesis was true. About the one user that was unfavorable 
towards the application, his scores were checked in order to see if his opinion affected his scores. 
Surprisingly, he was the only user to get a perfect grade related to the content in the application 
version he used, suggesting that the comprehensibility scores are not affected by dislike of the 
application for short passages. 

5. Conclusion(s) 

This application has shown promising results in offering a gain in reading comprehension while still 
offering narrative content for pleasure reading. Further research with a bigger sample size would 
create the base for further research to investigate if this leads to further gains in foreign language 
acquisition. 

User’s higher comprehensibility when using the application can be attributed to being able to 
read the feedback information to solve the dialog assembling problems. This suggests that users were 
performing according to the ideal behavior previously defined, indicating that our efforts to create an 
activity that can only be practically solved by displaying the needed behavior have been successful. 
While this sort of approach is not the best for every type of application, when we talk about reading, 
which follows a linear path, this approach is promising.  

As for the qualitative results, they have been overall positive, which fits well with past results 
suggesting good affective reception from learners in relation to DBGL (Hainey, Connolly, Boyle, 
Wilson, & Razak, 2016).  

As for the perception of the application as an English studying tool in comparison to the paper 
version, around half of the users pointed to them being equally effective. And yet the comprehension 
scores for the application version have been much higher. This contradiction between user's perceived 
learning effectiveness and the actual effectiveness has also been reported before (Shelton, Neville, & 
McInnis, 2008). Low perceived learning is also one of the challenges of extensive reading, so making 
DBGL tools have a higher perceived learning by students should positively impact their performance 
and studies in that direction are necessary, such as measuring differences in flow and motivation 
between implicit and explicit learning. 

Remaining issues would be the low perceived learning, the small sample size and the fact that 
the design relies on the presence of conversations. Expansions to this research could focus on making 
learning more explicit by mixing the narratives with explicit vocabulary teaching, thus making the 
learning process more obvious to the student. Another problem is that, currently, producing content 
for the application is a complex task. Creating a tool to assist this process would allow content to be 
created by teachers and other content creators. 
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Another direction would be creating a new application design in the same vein but with a 
content agnostic approach, allowing it to be used in texts that do not contain conversations. And 
finally producing enough content to test the application in an extensive reading context in order to 
measure second language acquisition gains. 
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