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 Abstract 

This study proposes a novel pedagogical approach to applying active reading (AR) 
strategies and the learning analytics dashboard to program comprehension (PC) in 
programming courses. The objective was to visualize the code-reading behaviors of 
novice programming learners using learning logs and promote code comprehension. 
The strategy was applied to students in computer science classes at a liberal arts 
college in India. The results show that the utilization of the dashboard positively 
influenced students’ learning behaviors outside the classroom. It was recognized as 
an effective means of supporting PC, highlighting the need to elaborate on how to 
adopt dashboards in code reading tasks. The study confirms that reflecting on 
learning using the dashboard can promote learners’ metacognitive skills, regardless 
of subject or language. It contributes to AR research by demonstrating new practical 
benefits of AR strategies for PC. 
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Introduction 

Program comprehension (PC) is a skill and competency requiring many aspects of 

knowledge, such as critical thinking, communication, and collaboration. It has been defined 

as how individuals construct a mental model of a program (Izu et al., 2019). Software 

developers routinely engage in reading code and documentation (Begel & Simon, 2008). 

Just as the prerequisite for writing is being able to read written text, writing and running 

programs require being able to read and accurately understand written codes. 

Busjahn et al. (2015) have suggested that programming source code and natural language 

text differ lexically and syntactically. Therefore, PC requires a specific approach that 

differs from natural language text reading. However, some past studies have approached 

PC from pedagogical aspects, such as classifying and organizing educational (Lobato & 
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Walters, 2017) and PC tasks (Izu et al., 2019). These studies include a series of PC tasks 

commonly used for reading activities in language learning, such as annotating, modifying, 

and explaining (Freeman et al., 2014; Izu et al., 2019). Begel and Simon (2008) focused on 

socialization—communicating and collaborating with others and coordinating while 

reflecting together—that professional novice programmers need and suggested 

incorporating these experiences into their curriculum to enable them to cope adequately. 

Against this backdrop, it is expected that active reading (AR) strategies, which have the 

same or similar pedagogical approaches adopted in PC classes and which value reflecting 

on learning and collaboration, could be applied to PC learning. 

This study addresses whether AR strategies can be applied to PC. AR strategies have 

been applied to natural language texts in past research, but no examples exist of it being 

used for PC, which differs from natural language reading. Additionally, many PC studies 

are primarily based on interviews and surveys (Izu et al., 2019; Nelson et al., 2017; 

Sentance & Waite, 2017), and no past study has investigated the effectiveness of AR 

strategies in PC learning contexts using technology, by analyzing and visualizing the logs 

obtained from learners’ learning processes. This study proposes an AR strategy in a 

learning analytics (LA) environment, called Data Enhanced Active Reading (DEAR), that 

contributes to LA and computer science research by investigating the effectiveness of AR 

strategies and LA dashboards in PC. 

The remainder of this paper is organized as follows. The second section reviews previous 

studies on PC, AR, and LA, and the third section explains the DEAR framework and how 

it can be instantiated for PC to introduce, as a learning context, the Learning and Evidence 

Analytics Framework (LEAF). The fourth section introduces the research context, 

participants, and the PC class activity procedure and describes the data collection and 

analysis methods used for PC, as well as the behaviors analyzed. The fifth section presents 

the results of the investigation, the sixth section discusses the applicability of DEAR to PC 

as this study’s contribution, along with its limitations, and the last section presents the 

conclusions and future research ideas. 

Literature review 

Program comprehension (PC) 

PC is defined as a ‘cognitive psychological process’ (Wagner & Wyrich, 2022) in which 

individuals construct a mental model of a program (Izu et al., 2019). In learning, PC is 

conceptualized as a learning task that the learner engages in to encounter an artifact, which 

represents a program in some way (Izu et al., 2019). The ultimate purpose of learning 

programming is to compose and run programs. However, to be able to do so, it is necessary 

first to read and understand the written code. PC requires various abilities, including 
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literacy, critical thinking, problem-solving, decision-making, information, and information 

and communication technology (ICT) literacy. Busjahn et al. (2015) argued that acquiring 

proper code-reading skills is essential as it contributes to problem-solving skills; thus, 

acquiring proper reading behaviors is an important goal of the programming science 

curriculum. 

Research on PC learning has been approached from various perspectives, and 

programming pedagogical approaches such as those suggested by Predict-Run-Investigate-

Modify-Make (Sentance & Waite, 2017) propose first addressing code understanding. The 

primary goal, especially for novice programming learners, is to be able to read and 

understand codes, for which the class curriculum should be designed to explicitly teach the 

structure of the language and solutions to problems. Some examples relating to pedagogical 

aspects are studies that include the classification of educational tasks (Lobato & Walters, 

2017) and reports on programming activity tasks (Izu et al., 2019). Code comprehension 

tasks in programming classes include annotations, modifications, and explanations 

(Freeman et al., 2014; Furqani et al., 2018; Izu et al., 2019; Murphy et al., 2012), which 

are commonly used for reading activities in language learning. Izu et al. (2019) conducted 

a literature review and interviewed programming teachers, using a block model to 

summarize and organize a matrix of PC tasks in terms of learning dimensions and levels to 

describe a possible learning trajectory for a complex task. They confirmed that code 

reading is complex; hence, classes need to be conducted by combining a variety of tasks. 

The PC learning activities in their report include reading, tracing (Nelson et al., 2017), 

annotating (McCartney et al., 2004), highlighting (Kramer et al., 2019), and explaining 

codes in one’s own words (Murphy et al., 2012), which are commonly used in reading 

comprehension in natural language text. They also include pedagogical approaches, such 

as process-oriented guided inquiry learning (Kussmaul, 2012), which advocates a process 

of reading, analyzing, and reflecting on what has been learned, and the ‘Predict, Observe, 

Explain’ strategy (Furqani et al., 2018), which involves a process of prediction, observation, 

and explanation. All these pedagogical approaches to PC can be said to be comparable to 

AR strategies used in natural language texts. If this is the case, can the AR strategies used 

in natural language texts be applied to PC learning? 

Active reading (AR) strategy and supporting it with learning analytics (LA) 

AR is a reading-learning strategy often used in reading classes. It encourages learners to 

activate their existing knowledge and experience and relate them to new information to 

make sense of the written text (Ogle, 1986; Spivey, 1987). This pedagogical strategy is 

based on constructivist theories, with the concept of a student-centered, active learning 

approach (Cheek, 1992; Fosnot & Perry, 1996; Spivey, 1987; Yager & Lutz, 1994). It 

provides practice that encourages learners to engage deeply in reading, using techniques 
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such as annotating and sharing with others (Pulver, 2020). For example, Survey, Question, 

Read, Recite, and Review (SQ3R) and Survey, Question, Read, Record, Recite, and 

Review (SQ4R) are popular strategies, as they are systematically structured and can be 

easily incorporated into classes (Anjuni & Cahyadi, 2019; Aziz, 2020; Basar & Gürbüz, 

2017), thus commonly used in language learning classrooms for reading learning. 

SQ4R is an extended version of SQ3R, with the Record phase added as the fourth phase. 

These strategies involve activities, such as getting the gist before reading (Survey), asking 

questions about what they are about to read (Question), deeply reading into the text as if 

searching for answers to questions that come to their mind (Read), sometimes leaving 

annotations, and highlighting important points (Record). It also elicits learners to recite the 

material in their own words (Recite), encouraging them to review and reflect on their 

understanding (Review), fostering further development and application after reading. In 

the modern era of technology, reading classes often incorporate e-books and e-learning 

tools to create active learning-based instruction into curricula. An advantage of learning 

using ICTs is that learning logs that could not be collected using paper-based learning can 

now be accumulated through actual learning. 

The LA research field contributes to learning and teaching by investigating and analyzing 

learning logs generated in online learning environments and providing feedback for 

decision-making and support based on learning progress and status (Jivet et al., 2018; 

Siemens & Baker, 2012). LA dashboards are used as visualization tools and interventions 

to help teachers and learners make informed decisions about the learning process (Jivet et 

al., 2018). Dashboards generally assist teachers in various ways, such as monitoring the 

learning status of multiple students in real-time (Park & Jo, 2015, 2019), providing 

feedback (Ali et al., 2012), identifying at-risk students (Essa & Ayad, 2012), and 

encouraging teachers to take appropriate actions (Park & Jo, 2015). Information visualized 

in dashboards can affect students’ psychology and behavior while reflecting and improving 

self-awareness (Verbert et al., 2013). They can also aid student collaboration and 

cooperation, thus increasing student engagement and improving retention and performance 

outcomes (Park & Jo, 2015). 

To support AR learning from LA perspectives, an LA-enhanced system called LEAF 

(Ogata et al., 2018) has been used (Toyokawa et al., 2024). On its dashboards, reading logs 

obtained from AR learning were analyzed and visualized to provide learners and teachers 

with feedback in the English learning context. The study confirmed that using the e-book 

reader in the LEAF system improved AR performance, and using the AR dashboard to 

reflect on the reading process positively impacted learners’ attitudes towards learning. 

Studies suggest that learning within an LA-enhanced context has a positive impact on 

learners’ cognition and metacognition (Duval, 2011; Schwendimann et al., 2016; Verbert 
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et al., 2013), and supports teachers in their educational practice (Ahn et al., 2019; Bao et 

al., 2021). 

The study aimed to determine whether the AR strategy for reading comprehension in an 

LA-enhanced language learning context is applicable and effective for PC across learning 

contexts. Common PC tasks encompass adding highlights, annotations, explanations, and 

revisions, as well as reading and explaining code either to oneself or a partner (Izu et al., 

2019). AR strategies also constitute annotating, explaining, and collaborating with others 

(Anjuni & Cahyadi, 2019; Aziz, 2020; Basar & Gürbüz, 2017; Pulver, 2020). The AR 

strategy and PC tasks take the same approach and are used as comprehension activities in 

the same way. Therefore, we believe that AR can cover PC tasks. Further, LA dashboards 

can be expected to enhance PC activities. Table 1 compares existing AR and PC tasks and 

shows the position of this research from an LA perspective. 

Past studies have revealed the difference between reading natural language text and 

reading codes (Busjahn et al., 2015), although few have attempted to apply AR strategies 

used for natural language text reading to code reading. This study applied the AR strategy, 

using LEAF, to investigate its applicability to PC as class activities and its effectiveness 

for students and teachers. 

 

 

 

 

 

 

 

Table 1 Comparison of AR, PC, and DEAR tasks 

Activities AR approaches 
(Anjuni & Cahyadi, 
2019; Aziz, 2020;  
Basar & Gürbüz, 2017) 

PC tasks 
(Izu et al., 2019) 

AR with an 
LA 
dashboard 

Prediction ✓ ✓ (Furqani et al., 2018) ✓ 

Question ✓ ✓ (Kussmaul, 2012) ✓ 

Record (annotation) ✓ ✓ (Freeman et al., 2014; 
McCartney et al., 2004) 

✓ 

Record (highlighting/marker) ✓ ✓ (Kramer et al., 2019) ✓ 

Reading speed ✓ x ✓ 

Recite (explain) ✓ ✓ (Freeman et al., 2014; 
Furqani et al., 2018; 
Murphy et al., 2012)  

✓ 

Reflect & evaluate ✓ ✓ (Kussmaul, 2012) ✓ 

Collaboration ✓ ✓ (Begel & Simon, 2008) ✓ 

Utilization of logs x x ✓ 
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Learning context 

Data-enhanced active reading framework 

DEAR—an AR framework within the LA-enhanced context—was designed based on the 

SQ4R strategy and adapted to AR learning activities using LEAF. Its reading strategy 

comprises three phases: pre-reading, while-reading, and post-reading. In the pre-reading 

phase, students activate prior knowledge from the information they find in the text and 

work to predict a rough outline of what they are about to read. They also create questions, 

if required, about what they want to know about the content. These predictions and 

questions are recorded in a memo. In the while-reading phase, students use a timer to track 

their reading speed, use markers to highlight unknown words or important ideas and leave 

annotations in memos, if required, while reading carefully. These activities can be 

performed individually and in collaboration with others. In the post-reading phase, the 

students consolidate and deepen the content by translating what they read into their own 

words, writing summaries, and answering comprehension questions. 

Learning activities, such as annotations left in memos and highlights using markers, are 

analyzed and visualized on the dashboard. Reflecting on learning using the LA dashboard 

individually or with others encourages learners to review their own and others’ outcomes, 

confirm what they have understood and what they need to review, decide what to do next, 

and improve their reading performance and motivation. The LA dashboard is also intended 

to encourage teachers to monitor the attempts of individual students and the class as a 

whole, grasp what the students have understood and what they have not, and intervene and 

give feedback, if necessary. In addition, by checking on their students’ progress, the 

teachers can review the contents of the class, plan and prepare for subsequent activities and 

classes, and reflect on their own teaching methods and approaches. The DEAR activity 

cycle for teachers and students is presented in Figure 1. 

 

 

Fig. 1 DEAR for teachers and students 
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Data-enhanced active reading for program comprehension 

In this study, we constructed an interaction landscape framework to apply DEAR to PC 

activities. Its procedural aspects are based on the three phases of DEAR: pre-reading, 

while-reading, and post-reading, including PC tasks such as predicting, identifying, tracing, 

explaining, reflecting, and evaluating. Before attempting to read the code, the students 

create an image or predict the overall program structure and record what they have 

understood from the insights in a memo. Their logs, as outcomes, are shared in class and 

confirmed by the teacher using the dashboard. In while-reading activities, students first 

read to identify the rough implementation content and target code while being conscious 

of their reading speed, using a timer. Then, they answer the questions in the text, using 

markers to trace errors or target codes, and explain their answers to the questions, using a 

memo to understand the target code. Finally, they reflect and evaluate what they have 

understood as output, using the dashboard individually or collaboratively with others. If 

necessary, they may adjust and refine the code after reflecting and receiving feedback. 

They repeat these series of steps until they understand the target code. Figure 2 depicts the 

DEAR interaction landscape framework for PC activities. 

LEAF: BookRoll and the dashboard as the learning analytics learning 

environment 

To view the learning materials provided by the teacher, this study used BookRoll, a 

teaching and learning material-distributing system, in LEAF (Ogata et al., 2018). The 

LEAF framework has four components: 1) a Learning Management System like Moodle; 

2) BookRoll; 3) a Learning Record Store (LRS) that accumulates and stores learning logs 

such as BookRoll operations and engagements; and 4) LA dashboards that analyze and 

 

 

 

Fig. 2 DEAR instantiated for PC 
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visualize the accumulated logs. BookRoll includes features that facilitate reading, such as 

memos, markers, timers, and bookmarks, and students can annotate directly on the screen 

by handwriting or using a keyboard. These memos, markers, and timers facilitate reading 

comprehension of natural language texts. Memos (text or handwritten) can be used to leave 

annotations, markers for highlighting, and timers to measure and record reading speed. 

Dashboards can also be used to review, reflect, and decide on subsequent actions. In this 

study, students in the control group used BookRoll (including timers) only to view code 

learning materials, whereas those in the experimental group used BookRoll to read codes 

and perform DEAR activities using markers, memos, and timers. Learners’ actions, such 

as their using markers, timers, and memos, are stored in the LRS and visualized on 

LogPalette, which is a collection of LA dashboard modules that analyze and visualize 

learning performance and artifacts created in BookRoll. Examples are 1) a module that 

visualizes and analyzes operations, such as viewing time and the use of markers and memos 

for each page of learning materials, 2) a module that shows learning activities for each 

student, and 3) a module that displays the total number and per-student average of learning 

activities. In the experimental group, the teacher and students mainly used the operation 

module to check the annotations students left in memos and reflect on learning. Figure 3 

depicts examples of BookRoll’s user interfaces and analysis tools. 

Experimental design method 

To investigate the potential of DEAR for PC, an experiment was conducted using BookRoll 

and the LA dashboard in the LEAF system. Given the need for background knowledge to 

understand how the proposed DEAR code reading approach could be a scaffolding to 

 

Fig. 3 Examples of interfaces of the BookRoll reading system and LOG PALETTE 
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empower students’ code reading performance, a quasi-experimental design was employed 

to investigate the following research questions (RQs): 

RQ1: How effective is the DEAR strategy in PC learning contexts? 

RQ2: How do the students and teachers perceive the DEAR strategy in PC learning 

contexts? 

Research context and participants 

The datasets were obtained from second-year college students (average age: 20 years). 

Most of these students had enrolled in a programming course for beginners at a liberal arts 

college in India after completing an introductory programming class. This experiment 

targeted two class sections: one as a control group and the other as an experimental group, 

comprising 27 and 20 students, respectively, who had consented to participate. Both groups’ 

programming experience and motivation varied with their academic backgrounds. While 

the control group comprised students majoring in data science (n=11; 40%), computer 

science (CS) (n=5; 18%), applied math (n=2; 7%), psychology (n=1; 3%), and other fields 

(n=8; 9%); the experimental group included students majoring in CS (n=13, 61%), finance 

(n=2, 9%), psychology (n=1, 4%), business (n=1, 4%), and other fields (n=3, 19%). The 

same instructor taught both classes and conducted PC activities using LEAF. The flow of 

the PC classes is discussed next. 

Program comprehension class activity procedure 

The classes were conducted face-to-face, twice a week, for 12 weeks from September to 

December. This experiment was conducted during the sixth and seventh weeks (two weeks), 

with four classes each. Before the experiment began, students in each class were given 

some trials to get used to operating BookRoll functions. 

The objectives of the experimental tasks were to quickly and effectively identify the 

program’s target codes and overall goal while working on DEAR PC tasks and apply their 

newly gained information to code composition. The lessons in both classes were planned 

in consultation with the teacher. During the experiment, the teacher and researchers 

continually reviewed and revised class activities in each lesson and exchanged feedback, 

questions, comments, and evaluations. The classes were conducted using basic PC tasks, 

such as tracing, annotating, explaining the codes in their own words, and reflecting on what 

they had learned during code reading, as indicated in past literature (Izu et al., 2019; 

Kussmaul, 2012). The experimental group performed these annotation and explanation 

tasks using memos and markers in BookRoll and confirmed and reflected on them using 

the dashboard. Figure 2 depicts the conformity of the interaction tasks. 

Regarding the flow in each class, in the pre-reading phase, the teacher first reviewed the 

previous learning and explained the target activity. Students in the experimental group were 
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additionally asked to browse through the code quickly, answer a question provided in the 

material to obtain an overview of the code before actually reading it, and write it in a memo. 

The purpose of making students perform this task was so that by applying their previous 

knowledge, they would connect it with new information. The teacher responded by 

checking the students’ visualized annotations on the dashboard and providing feedback. 

During the while-reading phase, the teacher got the students to read the code individually. 

A timer was used to measure the time taken to read. After students completed their 

individual reading, they answered questions provided in the material (e.g., could the code 

be compiled and run?). While working on the task, students in the experimental group were 

asked to use a marker to highlight any lines that were found to have errors or write the 

output of the code as a memo. Thereafter, the teacher instructed them to check the answers 

on their dashboards. Students in the experimental group explained, adjusted, and confirmed 

their answers to questions using their dashboards to visualize their answers. Based on their 

dashboard visualization, the teacher highlighted the points that needed explanation, shared 

them with the entire class, and explained the answers by eliciting answers from students. 

Figure 4 depicts a workflow example of the DEAR PC activities implemented in the 

experimental group. 

The control group students performed their class activities without using a dashboard. 

After conducting the cycle as a PC activity, the teacher moved on to code composition and 

the next activity. These students followed the same workflow for class activities, except 

for prediction in the pre-reading phase, highlighting with markers and leaving annotations 

in a memo in the while-reading phase, and reflecting using the dashboard in the post-

reading phase. Figure 5 describes the class activity procedure used in this study, and the 

PC tasks for each phase of AR and their purposes are summarized in Appendix Table A1. 

 

 

 

Fig. 4 A workflow example of DEAR PC activities for the experimental group 
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Data collection and analysis 

Interaction logs 

The log data of both the experimental and control groups, from the trials before the 

experiment, during its eight sessions, and out-of-class autonomous attempts during its 

seventh and eighth weeks using BookRoll, were aggregated in the LRS in the experience 

application programming interface (xAPI) format and analyzed. As indicators of students’ 

learning engagement, this study extracted the number and duration of specific learning 

behaviors from LRS as follows: 1) in-class and out-of-class reading time to determine 

students’ reading engagement time; 2) operation counts, including page navigation, the 

number of markers for highlighting to identify specific target codes and errors and the 

number of memos for answering pre-reading questions to predict the program’s purpose, 

and answer its code-reading questions; 3) time logs of timer usage to check reading speed; 

and 4) the number of times the LA dashboard was checked in and outside the class to reflect 

on the learning outcomes. Of the 13606 logs accumulated in the LRS during the classes, 

learning logs obtained from the participants who consented came to 6,742 (n=47). 

Furthermore, data on reading speed were extracted from the TIMER_START, 

TIMER_PAUSE, and TIMER_STOP time logs and calculated as the number of words in 

the material being read divided by the time taken (in seconds) x 60. The experimental 

group’s student logs are summarized in Appendix Table A2. To answer RQ 1, the 

applicability and effects of DEAR to PC were evaluated by examining logs obtained from 

using the LEAF framework (see Table 2) and analyzed to determine whether the difference 

was significant between the means of the control and experimental groups. 

 

Fig. 5 PC class activity procedures of the experimental and the control groups 
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Table 2 Summary of indicators and statistical description for this study 

Indicators N Missing Mean SD Max Min 

In-class reading time 
(minute) 

E 20 
C 26 

         0 
         1 

  226.880 
  200.900 

91.435 
82.064 

    332.11 
    346.41 

     15.58 
     16.78 

Operation counts 
(times) 

E 20 
C 26 

         0 
         1 

  137.400 
    47.923 

70.696 
20.016 

    279 
      82 

     22 
       6 

Reading speed 
(rate) 

E 20 
C 23 

         0 
         4 

  133.970 
  102.133 

68.517 
35.098 

    362.2 
    168.5 

     10 
     53 

Dashboard access 
(times) 

E 17 
C   0 

         3 
 

      2.471 
 

1.125 
 

        6 
 

       1 
 

Out-of-class reading time 
(minute) 

E 17 
C 14 

         3 
       13 

  145.056 
    60.326 

121.480 
66.545 

    431.05 
    214.06 

       0.88 
       0.75 

Out-of-class dashboard access 
(times) 

E 10 
C   0 

       10 
 

      1.80 
 

1.135 
 

        4 
 

       1 
 

Survey instruments 

A post-survey related to students’ perceptions of PC activities was conducted for the 

experimental group to enable them to reflect on how they performed code reading activities 

during the experimental session. Students responded to nine post-survey items. Survey 

questions regarding code comprehension activities were developed based on the study skill 

inventory proposed by Congos (2011), the programming learning scale proposed by Sáez-

López et al. (2016), and recommendations for dashboard development suggested by Jivet 

et al. (2018). 

The initial three survey questions inquired about the dashboard’s utility in deepening 

awareness and reflection on code, specifically if the dashboard served as a means of 

deepening the awareness and reflection on code by allowing students to review their own 

memos and those of others, aiding in better comprehension, facilitating communication 

with others, and sharing knowledge or understanding. The next three questions were about 

the utility of the overall AR strategy: if the AR strategy fostered a deeper interest in PC, 

actively had students engaged in class activities, and enhanced their understanding of 

specific aspects of programming through AR exercises. The last three questions were about 

the impact of each phase of DEAR, inquiring about the usefulness of using a timer to 

measure reading speed to improve PC, the impact of leaving annotations and highlighting, 

and the significance of pre-reading activities in providing an overview for a better 

understanding of the PC. These nine questions were combined to ascertain students’ 

perceptions of the DEAR activities. A 5-point Likert-type scale was adopted to measure 

the students’ perceptions, ranging from 5 = ‘strongly agree’ to 1 = ‘strongly disagree’. 

Twenty-two participants in the experimental group completed the web form questionnaire 

after the experiment. Besides the students’ survey results, the comments from the teacher 

and observation notes were also considered while answering RQ 2—the students’ and 

teacher’s perspectives on DEAR for PC. The purposes and contents of the post-survey are 

summarized in Table 3. 
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Table 3 Student survey questions 

Constructs Question Items 

Usefulness of the Dashboard 
(Jivet et al., 2018) 
(for individual reflection) 

Q1 Using the dashboard to see my own and others’ notes 
enhanced my awareness and reflection of the code. 

Usefulness of the Dashboard 
(Jivet et al., 2018) 
(for communication purposes) 

Q2 I communicated with others using the dashboard. 

Usefulness of the Dashboard 
(Jivet et al., 2018) 
(for collaboration) 

Q3 Sharing information about code reading with others using 
the dashboard was helpful for code comprehension. 

Overall PC class activities 
(Sáez-López et al., 2016) 
 

Q4 After going through BookRoll, I became more interested in 
programming code reading. 

Overall PC class activities 
(Sáez-López et al., 2016) 
 

Q5 I actively participated in the class activities. 

Overall PC class activities 
(Sáez-López et al., 2016) 
 

Q6 I understood the specific aspects of programming through 
the reading activities. 

Usefulness of DEAR 
(Congos, 2011) 
(while-reading: reading speed) 

Q7 Using a timer to feel the speed of reading code 
encouraged me to read the code more efficiently. 

Usefulness of DEAR 
(Congos, 2011) 
(while-reading: record) 

Q8 Taking notes in a memo and highlighting with markers 
helped me understand how to program specific aspects of 
the problem. 

Usefulness of DEAR 
(Congos, 2011) 
(pre-reading: prediction) 

Q9 The activity of understanding the general outline before 
reading helped me understand the specific aspects of the 
code. 

 

Results 

Effects of the interaction process of program comprehension 

We first checked the assumption of normality. We conducted a normality test of the dataset 

to determine the appropriateness of the test using JASP. The results show that the data are 

not normally distributed for operation counts (p<0.001), out-of-class reading time 

(p=0.001), and reading speed (p<0.001), while data are normally distributed for in-class 

reading time (p=0.065), which was presumed due to the small sample size. No difference 

existed in the amount of time for in-class reading time since both classes had the same 

amount of time (90 minutes) for each class. Furthermore, operation counts were 

significantly different since students in the experimental group used more BookRoll 

functions (such as memos and markers) in class. Thus, this study focused on out-of-class 

reading time and reading speed, and nonparametric tests were conducted to compare those 

variables between the experimental and the control groups to answer RQ1 (see Table 4). 

The tests revealed a significant difference between the two groups in terms of out-of-class 

reading time, W=172, E=17, C=14, p=0.036, with medium effect size, r=0.445, and reading 

speed, W=311, E=20, C=23, p=0.049, with medium effective size, r=0.352. The results  
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Table 4 Nonparametric test results between the experimental and the control group 

Parameter Grp N Mean SD W P r Cohen’s d 

Out-of-class 
reading time (m) 

E 
C 

17 
14 

145.05 
  60.32 

121.48 
  66.54 

172 0.036* 0.445 0.865 

Reading speed E 
C 

20 
23 

133.97 
102.13 

  68.51 
  35.09 

311 0.049* 0.352 0.585 

Note: *p<0.05 

 

 

suggest that the experimental group students spent significantly more time reading (or 

studying) out-of-class and showed faster code reading speed than the control group. 

Practitioner’s perspectives on proposed program comprehension activities 

For RQ2, students’ perceptions of DEAR in PC were verified by looking at the anonymous 

responses given to the survey questions by 22 students. Questions 1, 2, and 3 were about 

the dashboard. In response to survey question 1—personal reflections on using the 

dashboard—by selecting ‘strongly agree’ and ‘agree’, 68% said that dashboards allowed 

them to gain more information about code reading by reflecting on their own and others’ 

artifacts, as well as more awareness and reflection on specific codes. In response to 

questions 2 and 3—sharing information about code reading and communicating with others 

using the dashboard—approximately 40–50% of the students gave positive answers, 

approximately 40% answered neutral, and approximately 10–20% disagreed. In response 

to question 4—PC activities using BookRoll and the dashboard—50% said they had 

become interested in PC after going through the activities, but 27% disagreed. In response 

to question 5—actively participated in class—32% chose ‘strongly agree’ and 54% ‘agree’ 

(i.e., 86% agreed), while the answers ‘neutral’ and ‘disagree’ had low percentages of 9% 

and 5%, respectively. Survey questions 6 through 9 were about the effects of the DEAR 

strategy. In response to question 6—whether students understood the specific programming 

content through PC activities—27% chose ‘strongly agree’ and 45% ‘agree’ (i.e., 72% 

agreed), 18% were neutral, and 9% disagreed. In reply to question 7—effectiveness of 

checking code reading speed while reading the code—32% selected ‘strongly agree’, 36% 

‘agree’ (i.e., 68% agreed), 18% were neutral, and 14% disagreed. Regarding question 8—

highlighting with markers and leaving annotations in memos—9% strongly agreed, 45% 

agreed, 32% were neutral, and 14% disagreed; thus, almost half of them agreed, while the 

other half disagreed or did not care. Regarding question 9—whether understanding the 

overview before reading helped them understand specific aspects of the code—over 80% 

agreed (strongly agree: 32%; agree: 50%), while none disagreed. The results of the survey 

responses are illustrated in Figure 6. 
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Additionally, the survey outcomes were supported by the teacher’s comments and 

observation memos (examples follow): 

 

Comments from the teacher: I had a good time using BookRoll. It was useful in making 

students read the code. Without this experiment, I would not have been so systematic in 

giving them code-reading activities. Most of them (students) used the dashboard. It was 

useful to understand the range of responses students gave to the problems. I got a sense of 

the different opinions that students had. 

 

From observation and message exchange with the teacher: The control group was 

generally more interactive and voluble, asking questions and interacting. Some students 

even gave their code-reading strategy in class. In the experimental group, some students 

asked questions in class, but generally, the class was less engaged, unlike students in the 

control group, who were more interactive. 

Discussion 

In response to the research questions based on the logs data and survey responses, this 

section first discusses the overall effects of the DEAR strategy on PC, followed by the 

impact of each phase of DEAR activities and the limitations of this study and future 

research scope. 

 

Fig. 6 Results for each question of the student survey (n=22) 
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Effects of data-enhanced active reading to program comprehension 

The results of the nonparametric tests to answer RQ1 showed that the students in the 

experimental group spent more time working on PC out of the class (E: M=145.05,  

C: M=60.32). Based on the teacher’s comments and observations, one can conclude that 

the students in the experimental group were more passive than those in the control group. 

However, several students tried out DEAR using memos and markers autonomously. For 

example, it was confirmed that students were drawing new markers (ADD_MARKER), 

erasing markers drawn during class (DELETE_MARKER), and leaving new annotations 

(ADD_MEMO). Some students also voluntarily checked the dashboard. Thus, the study 

confirmed that DEAR engagement in class positively impacted PC learning outside class. 

The results also support the suitableness of the programming code reading pedagogical 

approaches to PC in previous studies, such as annotating (Freeman et al., 2014; McCartney 

et al., 2004), analyzing and reflecting (Kussmaul, 2012), processing prediction, observation 

and explanation (Furqani et al., 2018), modifying and explaining (Freeman et al., 2014; 

Furqani et al., 2018; Izu et al., 2019; Murphy et al., 2012), and communicating and 

collaborating with others (Begel and Simon, 2008). Moreover, as the teacher indicated that 

the dashboard helped students read the code, enabled him to understand the range of 

students’ responses to the questions, and different opinions of students, the results support 

past LA studies that suggest learning with a dashboard has a positive impact on learners’ 

cognition and metacognition (Duval, 2011; Schwendimann et al., 2016; Verbert et al., 

2013), and teachers in their educational practice (Ahn et al., 2019; Bao et al., 2021). With 

all these tasks in place, DEAR was proven adaptable to novice learners’ PC activity. 

The survey results for RQ2 showed that a high percentage of the participants (over 70%) 

said they understood the specific aspects of the target code through the PC activities and 

showed high motivation to participate in class. Survey questions 1, 2, and 3 pertained to 

dashboards. The results indicated that the participants found sharing and reflecting 

comparative data on the dashboard useful in understanding codes. Thus, the dashboard can 

be a tool for novice programming learners to reflect on their learning, particularly for those 

who did not have the answers themselves, needed review, and wanted clues from others. 

The results support the effectiveness of self-reflection with the dashboard (Duval, 2011; 

Schwendimann et al., 2016; Verbert et al., 2013). 

Conversely, about 10–20% of the respondents did not agree with the idea of using the 

dashboard for sharing or communicating with others. The neutral numbers were also high, 

leading to the conclusion that dashboards may be more useful as tools for personal 

reflection rather than sharing or communicating. Using the dashboard to communicate with 

others is an important element of DEAR. Begel and Simon (2008) point out challenges that 

new graduates working in the software development industry face, such as communicating 

with others, collaborating, and making adjustments based on reflections, and to adequately 
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address such challenges, recommend that these should be included in the educational 

curricula. The correlation between using dashboards for personal reflection and interacting 

with others is noteworthy. Additionally, the collaborative aspects of dashboards that 

facilitate information sharing and their impact on code comprehension should be further 

investigated. To verify the impacts of the records, a visualization method using a dashboard 

that can efficiently allow teachers and learners to confirm the code retrospectively should 

be considered. 

Impact of each phase of DEAR activities 

Pre-reading tasks 

Approximately 82% answered that pre-reading activities helped them to understand the 

general outline and specific aspects of the code. The importance of pre-reading activities 

has received attention in research on natural language texts, such as the advanced organizer 

(Ausubel, 1978; Elfeky et al., 2020) and cognitive reading strategies (Gustanti & Ayu, 

2021). The result indicates the potential of pre-code reading activities to help students 

identify specific code elements and grasp an overview of programming. 

While-reading tasks: Awareness of PC speed 

Regarding checking code-reading speed, the teacher commented that as he gave his 

students plenty of time to work on PC code reading, he did not consider code-reading speed 

as very important. The reading speed rate is often measured in natural language text reading; 

hence, it was considered that this perspective could also be applied to PC. As a result, 68% 

of participants answered that cognizance of their code reading speed enabled them to read 

codes more efficiently. Word-level automaticity—the ability to quickly and easily decode 

or recognize words both in and out of context—is thought to be important in reading natural 

language texts (Hudson et al., 2005). Therefore, the reading speed of natural language texts, 

such as in learning English, is often measured to improve readers’ reading comprehension 

rate and reading comprehension. Wagner and Wyrich (2022) examined the influence of 

intelligence and certain personality traits on PC and identified fluid intelligence, visual 

perception, and cognitive speed as the influencing factors. The result of the nonparametric 

test in this study revealed that the reading speed of the experimental students was faster 

than that of those in the control group. The experimental group having a higher reading 

speed indicates that they read the code faster. It is necessary to anticipate that actual 

programming practice would require quickly reading, understanding, completing, and 

running codes. Programming codes may be recognized at the token, code, or line levels 

rather than at the word level, as in natural language text. For future studies, this study 

recommends using reading speed measurement to improve the efficiency of programming 
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code reading, considering calculation methods suitable for code reading, and examining 

the correlation between code understanding and code reading time, which were not 

considered in this study. 

While-reading tasks: Record (highlighting and leaving annotations) 

In this study, students were asked to use markers to identify and trace the code and explain 

what they anticipated or understood in a memo. While approximately half agreed to record 

tasks, the other half disagreed or said they did not care about highlighting with markers 

and making annotations in memos. Hence, one can infer that highlighting and annotating, 

commonly conducted in natural language text reading, may not be useful in code reading. 

The logs revealed that two students who studied with BookRoll outside the class used 

ADD_MEMO and ADD_MARKER, and one used DELETE_MARKER on the markers 

drawn in class. The reason for keeping records was to later review and reflect on what was 

understood or not understood. A student did not check the dashboard in class despite using 

memos and markers. In addition, nine students did not check the dashboard after learning 

outside the class, whereas two students who did not study with BookRoll outside the class 

had logs of accessing the dashboard. DEAR promotes activities such as checking remaining 

records (logs) on the dashboard and, thereafter, deciding on the next course of action. 

Future studies will further investigate the purpose of highlighting and leaving annotations 

and how the logs can be visualized and used for PC. 

Post-reading tasks: Dashboard for PC 

The DEAR tasks include checking, reflecting, and evaluating PC using a dashboard. 

Teachers select learning tasks and provide a series of learning activities tailored to learners’ 

cognition and knowledge levels to help them reach their goals (Lobato & Walter, 2017). In 

this study, the students’ artifacts were visualized on an LA dashboard and used by the 

teacher as a kind of decision-making tool (e.g., allowing the teacher to check students’ 

understanding levels in class and provide instant feedback on the spot). Teachers first check 

and make assumptions about what students initially understand and what they can learn 

next, and accordingly construct and modify the lesson’s goals. Thus, the dashboard served 

as a scaffolding to smoothly execute the learning trajectory. 

This study revealed that the DEAR strategy, which further enhances existing AR 

strategies used for natural language learning with an LA dashboard, can be applied to code 

reading for novice programming learners in a PC learning context. However, challenges 

with the DEAR strategy were also recognized. The following section discusses the 

limitations of this study and points out future work scope, including the need to improve 

the dashboard. 
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Limitations and future work 

Reliability of the post-survey responses 

First, we must acknowledge the limitation regarding the post-survey on the perception of 

DEAR among the students in the experimental group. Whether the survey was reliable 

depends on the length of the questionnaire, the quality of the questions, and their fit to the 

group being measured (Brown, 1997). In this study, first, the number of participants was 

small (n = 20). Moreover, even though questions were considered with reference to the 

existing survey items related to AR and PC, the inference was based on a small number of 

survey items of nine questions. These might have affected the reliability and 

generalizability of the results. The small number of questions was because we had to limit 

them to avoid disrupting the class, as we wanted to have the students answer the questions 

within a limited time. Therefore, we selected questions to fit this study based on 

questionnaires used in the literature on AR activities, based on the Study Skill Inventory 

proposed by Congos (2011), programming learning scale proposed by Sáez-López et al. 

(2016), and recommendations for dashboard development from Jivet et al. (2018). We also 

tried to triangulate based on the observations and understanding of the teacher to address 

this limitation. The teacher’s comments and class observations are considered sufficient 

supplements to support the reliability of the post-survey. 

Equivalency of study groups and participants 

The second limitation pertained to the participants’ programming experience. They were 

beginner course students in programming, yet almost all had completed an introduction 

course, and some were majors in CS and other programming-related fields. Thus, some of 

them perhaps already had some code comprehension knowledge, which might have 

affected their PC learning behaviors and perceptions. The AR strategies used in natural 

language text reading provide learners with a more systematic reading approach and are 

hence suitable for novice readers with less experience in reading, who can learn and acquire 

a reading strategy and apply it to understand the content. In other words, AR may not be 

necessary for advanced learners to have their own reading strategies. More precise results 

could emerge in future studies by applying DEAR for PC in K-12 or introductory courses. 

The grouping of the experiment also affects research results. As the experiment was 

conducted in a real learning context, the experimental and control groups were randomly 

selected without controlling for equivalency. As the semester progressed, the teacher 

recognized that students in the control group participated more actively in class and 

understood better than those in the experimental group. Additionally, students in the 

control group were more interactive, and their engagement was stronger, even though more 

than 60% of students in the experimental group said in the survey that they had actively 
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participated in PC class activities. The results indicate a possibility of the contextual factors 

of the two groups influencing them; hence, establishing the equivalency of study groups 

should be considered in future research. 

Devising dashboards for code reading 

Future studies should highlight the need for dashboards to review and reflect, specifically 

for code reading and visualizing the code-reading process on dashboards. This study 

showed that the dashboard supported the teacher and students by confirming students’ 

understanding and progress and as a scaffolding for decision-making in class. In this regard, 

DEAR, which uses AR strategy and LA technology, is effective for code reading. However, 

the dashboard was created to reflect on AR learning in natural language text and was not 

initially meant for code comprehension. In other words, there is a lack of ingenuity in 

visualizing the code comprehension process in an easy-to-understand manner, and the 

elements which are geared towards user needs for code comprehension. The literature 

suggests the benefits of designing dashboards for user-specific factors and needs (Ahn et 

al., 2019). Considering this and the distinct pedagogical concepts of improving and 

supporting learning (Jivet et al., 2018), designing dashboards that show the correct and 

necessary choices for programming learners is essential. 

Conclusion 

This is the first study to apply an AR strategy to PC, introduced as a possible option for PC 

activities from the LA perspective. The effectiveness of this approach was demonstrated 

by the positive impact of the utilization of the LA dashboard on the learning behavior of 

students in the experimental group outside class. The proposed DEAR strategy was proved 

to be applicable to PC tasks for novice programming learners. Despite the limitations of 

the reliability of the post-survey, the equivalence of the learning groups and participants, 

and the usability of the LA dashboard, it is hoped that future studies will expand DEAR 

for PC to test its suitability for individual learners based on their needs, motivation, 

programming experience, and other aspects, and consider visualization methods of PC logs 

to meet their needs. This study contributes across multiple LA, AR, and programming 

science research fields. DEAR, an integration of AR strategies and LA, demonstrates one 

of the potential pedagogical and curriculum design implications that can be applied to PC. 
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Appendix 

 

Table A1 PC tasks and their purpose 

Active reading phases Class activities Control group Experimental group Purpose of activities 

Pre Some 
explanations 
from the 
teacher 

✓ ✓ To introduce the learning 
target 

 Ask questions 
related to 
learning 

 ✓ Ask some 
questions related 
to codes to 
students (teacher 
shows the 
dashboard to the 
students) 

Pre-AR activities: activate 
prior knowledge related 
to the learning and relate 
it to the new information 
to understand the 
concept better 

While Read 
individually 

✓ Timer ✓ Timer To check students’ code 
reading speed 

 Record 
individually, 
Highlight 
unknown 
and/or 
important 
points, 
Leave 
annotations 
(answers to 
questions) 

 ✓ Marker & memo 1. To make students 
aware of important 
parts and parts that 
they did not 
understand 

2. To let students reflect 
on their learning later 

3. To activate different 
cognitive processes 

Post Reflection, 
Pair or group 
work 

✓ Exchange 
notes, talk to 
neighbors 
(mediated by 
whatever they 
have) 

✓ In a memo 
(mediated by 
dashboard, 
reflect on the 
dashboard in 
pairs or groups) 

To help them understand 
what was understood and 
what was not and decide 
on what needed to be 
done next 

 

Table A2 Summary of logs for each indicator from the students in the experimental group 

Student In-class 
reading 
engagement 
(m) 

Operation 
counts 

Marker 
counts 

Memo 
counts 

Dashboard 
access 

Reading 
speed 
(average) 

Out-of-class 
reading 
engagement 
(m) 

Out-of-
class 
dashboard 
access 

E1 216.68   99 0 14 2 178.766 321.86 3 
E2 276.73 103 0   8 6 173.266 10.83 0 
E3 230.53 100 0   1 3 58.9 136.03 1 
E4 306.88 196 112 11 2 137.95 0.88 0 
E5 293.66 180 102 10 3 95.025 219.11 0 
E6 267.21 247 65 19 2 130 94.03 1 
E7 325.78 279 47 18 2 152.45 203.26 2 
E8 155.25   44 0   3 2 99.55 0 3 
E9 163.08   87 0   1 3 362.2 0 1 
E10   15.58   22 0   0 0 10 1.18 0 
E11 143 110 22   5 0 91.7 68.65 0 
E12 228.43 154 16 11 2 164.8 431.05 4 
E13 256.38 118 0 11 2 143.45 59.11 1 
E14 287.58 113 5   4 3 110.5 27.06 0 
E15 319.5 244 78 27 3 108.15 184.5 0 
E16 332.11 124 9 15 1 142.65 233.91 0 
E17   82.81 118 14   7 1 186.05 58.71 1 
E18 234.1 234 14 13 3 130.75 213.13 0 
E19   85.5   67 3   5 0 85.15 0 0 
E20 316.8 109 0   3 2 118.1 202.65 1 
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