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Abstract — This Research Work in Progress Paper presents our 
ongoing work to encourage student to reflect while participating 
in a distributed self-assessment process. We shed light on the case 
of low reflect participation and the change in process we made 
that led to a significant increase in both the quantity and quality 
of students reflects. To evaluate the effect of the intervention, we 
conducted two classroom study for an introductory Java course 
with over 500 students. From the latest enhancements in the 
current study, we observed that the overall reflecting 
engagement from the students has significantly increased 
compared to our initial work. To evaluate the reflects quality, we 
deployed an automated measure that classifies the 
constructiveness of the comment based on its relevant and 
subjectivity to the domain. This work describes the details of the 
interventions along with the resulted observations. The main 
objective was to encourage learners to provide thoughtful reflects 
which we were able to increase along with the positive effect on 
their performance.  
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I. INTRODUCTION 

The concept of reflection has been agreed upon as a valuable 
method in the educational settings. It enables the students to 
make best of their learning process [1][2]. It also provides the 
ability to the learners to analyze their thoughts, self-motivate, 
increase their metacognition and strengthen their content 
knowledge [3]. Reflection may as well enhance the evaluation 
outcome for the learners when combined with self-assessment 
[4][5]. While the impact of reflection has been addressed in 
different domains, it requires more attention from the 
engineering education research community [6]. For that 
initiative, we integrated reflection procedure in a home-grown 
adaptive educational system that provides distributed practices 
designed for programming novices [7]. The system facilitate 
distributed reflects as comments provided by the learners 
during an answer attempt on self-assessment questions. Our 
objective is to measure the impact of using recommended 
questions in a personalized programming self-assessment 
environment as an incentive to leverages students' reflection. 
Initially we aimed to find the answer for two questions, what 
triggers the learner engagement in providing reflects during 
self-assessments? And what effect does distributed reflection 
has on the overall learner performance in programming 

courses? Our early work indicated that, reflects during 
distributed self-assessments had a positive correlation with 
course performance [7]. This triggered our interest to further 
explore the impact of reflect quality on the learner’s 
performance as well. However, we were faced with the 
challenge of low participation from the learners in the 
reflection procedure along with majorly low-quality 
comments. We worked on enhancements to find a solution 
that ultimately would trigger more guided participation from 
the students. In this paper, we discuss some of the published 
work related to this research objective, describe the system and 
the interventions we applied, and present the studies and their 
preliminary results. 

II. RELATED WORK 

 
Because of its known impact on learning process, many 
researchers attempted to encourage the students to reflect 
while learning programming courses. Such attempts took 
different forms and settings, from group activities to self-
assessments. In [8], they encouraged reflecting by providing 
support to the students to submit a weekly plan. The plan shall 
include their thoughts and evaluation of the knowledge they 
gained so far. Those efforts also includes encouraging first 
year computer science students to adopt a better learning 
strategy by provide their reflection on personal blogs [9][10]. 
Moreover, the benefits of the reflects can extend the impact on 
the learner and provide a valuable insight to the instructor. 
These textual contents can be utilized to become an early 
indicator that identifies at risk students as well as a predictor 
of the students’ performance. In [11], they performed 
sequence analysis to predict the course outcome using the 
reflects from self-assessments and group activities. They 
reported that their prediction model can achieve 95% accuracy 
to predict student success in the programming course using the 
reflects’ content. They also observed that, the more the student 
reflect, the better performance they will get. It's not surprising 
though, if students put the effort to keep on reflecting for a 
month, they probably more hard-working students who will 
end up passing the course. Unlike their work, we are trying to 
motivate the student to reflect and evaluate the reflects based 
on its content.  
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III. METHODOLOGY 

QuizIT is an educational system in an ongoing research project 
which we continually developing. The system was designed for 
programming learners to self-assess and monitor their learning 
progress through daily quizzes. It solicits students’ self-
explanation as learning reflects while answering a question. 
Additionally, it supports peer learning opportunities, including 
reviewing peers’ comments, evaluation and annotations on the 
quizzes. Prior to this work, the system enabled the learners to 
freely reflect throughout the answer attempts using the 
designated comment space. When the students decide not to 
participate in the reflect procedure during the attempt, a 
notification message will appear stating that “you have not 
posted any explanation for this question”. Viewing other peer’s 
comments in the question discussion board was used as an 
incentive to trigger more reflects.  In the discussion board 
section on the right in Fig. 1, the student is notified that they 
can only view this section if they provided at least one 
explanation or comment. 

That feature alone was not enough of a trigger to the students 
to reflect. Therefore, we considered formalizing the reflect 
statement [12], adding recommended questions as an incentive 
[14] and change the flow of the answer attempt to help increase 
the student engagement in the reflect procedure. We also 
provided a filtering approach to the discussion board content to 
only include constructive comments. Next, we describe each of 
these interventions.  

A. Justification prompt 
Inspired by the early work in [12], we adopted a similar 
scaffold approach using justification question to promote 
reflections. Our assumption was, instead of leaving the student 
to reflect aimlessly, we would guide them by using a scaffold 
question. This would help them explain their choices, share 

their experience which may lead to enhancing the gain from 
the reflect procedure. The reflect question now will state: “can 
you tell us why you chose this answer”. This question plays 
the role of directing the reflection towards self-explanation 
which could improves the student understanding of the 
question as well [13]. Giving the nature of the multiple-choice 
questions, the students may prefer to guess the answer when 
they are uncertain of the correct option. Therefore, we 
provided the learners with the ability to identify if they had no 
justification and end up guessing the answer as well. The left 
side in Fig. 1, shows the reflect procedure after an answer 
attempt. The student receives the feedback, asked to rate the 
usefulness of the question and provided the opportunity to 
reflect using the justification question.  
 

B. Recommended questions 
Another incentive we considered to encourage students to 
reflect was the recommended question feature. The 
introduction of the recommender was motivated by the 
students’ behavior we saw in a prior study [7]. We observed 
many learners’ decision not to follow up with the daily 
learning opportunities, with a high turnout occurs around the 
exam time. To enable the learner, make best of the system, the 
recommender was introduced to provide them with a 
personalized experience based on their performance and 
preferences [14]. The design is based on an open learner 
model, which can be managed and modified by the learner 
throughout the semester. The recommender takes into count 
the student’s performance, attempt outcome, question concept, 
preferences and the peers rating of the questions. The details 
of the design of the recommender are explained further in 
[14]. We provided access to the recommended question 
immediately after the answer attempt once the student submits 
their comment as an incentive to reflect. If the students skip 
the reflect procedure, they consequently won’t have access to 
the recommended question on this answer attempt. 

Fig. 1. Answer attempt showing the reflect procedure. On the left, the quiz was successfully answered by the student on the first attempt. The right-side show 
students’ discussion board with no participation from the student. 



C. Change of flow 
The initial design considered enabling consecutive answer 
attempts, until the correct answer is chosen by the student. 
This design negatively impacted the reflect procedure and 
decreased the visibility of the of peers’ comments, as students 
tend to focus more on finding the correct answer before 
moving to another question. To increase the visibility of the 
reflect procedure, we modified the answer attempt flow as 
shown in Fig. 2. Now, the students begin the process with the 
initial attempt, once they submit their answers, an immediate 
feedback on the attempt will be provided with the ability to 
reflect and evaluate the usefulness of the question. Here the 
students can take a moment to provide their comments and 
review other peers’ comments as well, as seen in Fig. 1. Once 
the student submits a comment, it will be followed by a 
personalized recommended question, where only one attempt 
is allowed. From there, the student may go back to review the 
question again and decide if they prefer to take another 
attempt in case the first attempt was incorrect. It’s important 
to mention that, the student may choose not to follow this 
designated path and move to the dashboard or return 
immediately to the question list which will prevent them from 
gaining access to the recommended question feature.  

D. Constructive reflects 
We aim to provide the students with a constructive discussion 
board content. In earlier versions of QuizIT, this was done by 
filtering out short reflects based on the number of words in the 
comment. In deploying a better filtering approach, that 
identifies the useful comments, we achieve two objectives, 
maintain the valuable content in the discussion board to make 
reviewing peer comments more productive. And be able to 
evaluate the short constructive and distributed reflects effects 
in programming learning settings. Previously, we attempted to 
analyze the user generated comments from the answer 
attempts in QuizIT system.  However, we found that the 
reflects provided in the system did not reach a level of 
maturity. Since questions tends to be short and precise, the 
reflects tend to share that feature as well. Reflects are 
descriptive when they provide evidence of gaining knowledge, 
by making sense of new experiences and connecting to 
knowledge source [4]. However, there were no uniform 
evaluation procedure to assess the quality of the for students’ 
reflection for such short format [15]. Unlike evaluating the 
comments sentiment in the social media platforms [17], 
identifying the traces of domain knowledge here makes it 
more challenging. Therefore, we chose to proceed with the 
attempt to identify reflections that shows descriptive content 
as the lowest level of reflection [4]. From analyzing the user 
generated reflects in QuizIT, we identified the set of 

comments as descriptive to include subjective and relevant 
content to the questions. Therefore, we established the rule for 
the reflect to be descriptive when it shows opinion and present 
relevant content to the domain of the question. To automate 
the process of identifying the constructive comments, we 
began to construct a textual analysis procedure. This step was 
motivated by the work in [16].  We built the relevant lexicon 
library based on the subjectivity and relevance to the topics in 
the questions dataset [17] [18]. As we mentioned earlier, our 
assumption is that constructive reflects shall provide both 
opinion and relevant content. We then modified the lexicon to 
include words from Oracle’s Java glossary as per the domain. 
The comment is labeled relevant, constructive or non-
constructive, based on the occurrence of the reflects’ words in 
the lexicon. with a single match, we label the comment as 
relevant, non-constructive with no matches. When the 
comment has more than one match with the lexicon we 
consider it to be a constructive reflect. 
 

IV. EXPERIMENTS 

 To evaluate the reflect procedure and the following 
interventions, we performed two classroom studies. The first 
study was the initial evaluation for the system [7], while the 
second study evaluated the system enhancements mentioned 
earlier. To measure the effect of our intervention, we used the 
same setup in both studies. We introduced the system to an 
introduction to Java programming course at the beginning of 
the semesters. Students were encouraged to use the system as 
non-mandatory tool. In the two-studies the same set of quizzes 
were scheduled throughout the semester. These questions 
covered 18 topics (Java, Primitive Data Type, Method, 
Datatype, Expression, Variables, Strings, Arithmetic’s, 
Operator, Objects, Control, Decisions, Loops, Classes, 
Constructor, Arrays, 2D Arrays, InputOutput). Three level of 
question complexity varying from easy, moderate to difficult 
were provided, and covers conceptual knowledge and 
programming proficiency by including code and non-code 
questions. 

TABLE 1. DETAILS OF USER ENGAGEMENT FROM THE TWO STUDIES. 

Attribute 1st study 2nd study 

Registered students 375 152 

Number of attempts 11484 5164 

Number of comment 247 988 

Constructive reflects 62 373 

Constructive users 26 59 

Fig. 2. The answer attempt flow of events, the sequence shows how the answer attempt progress from the initial attempt to reattempts. 



TABLE 2. SAMPLE OF EVALUATION RESULTS FOR THE CONSTRUCTIVENESS OF 
USER REFLECTS 

 
Students were informed by the objective of the study at the 
beginning of the semester and were given the option to stop at 
any time. 

V. RESULTS 

From examining the preliminary data, we observed higher 
engagement ratio in both the number of attempts and the reflect 
procedure in the second study, compared to the first study, 
even though the number of students were much less than the 
first study participants. In table 1, we can see that after the 
initial filtering of the reflects, not only the quantity of the 
reflects has increased but also the quality. In the second study, 
there were 373 constructive comments out of 988 generated by 
59 students, compared to 62 constructive comments generated 
by 26 students from the first study.  

We further analyzed the effect of providing constructive 
reflects on the student performance. Here, we only consider the 
first attempt result in study two as the measure of performance. 
We found that, student who provided constructive reflects 
performed in their self-assessments, on average (73.1%) 
success rate, slightly higher than the remaining students who 
never provided constructive comments (69.2%). Based on the 
numbers from table 1, we can say that our interventions have 
made a positive impact and caused more effort from the 
students. We then examined the impact of the recommender 
feature; the recommended questions were accessed 73% of the 
time immediately after the student reflect. This is an indication 
of the successfulness of the usage of the feature as a reflect 
trigger. Because without commenting, the students would not 
be able to immediately access the recommended question. 
Another observation was the rise in the quality of the reflects. 
This increase can be linked to the justification question 
intervention. We noticed that it has a clear impact on the 
student while formalizing the reflects as can be seen in tables 2. 
Here, all the reflects are addressing the question as they try to 
justify their answers.  To get a sense of the results of the 

constructiveness classification approach, table 2 shows the 
student comments and their labeling results for the following 
multiple-choice question: 

Question: The main method for a Java program is defined by 

a) public void main( ) 
b) public static void main( ); 
c) private static void main(String[ ] args); 
d) public static void main(String[ ] args) 

 

We were also curious to find what is the most discussed 
concepts in the dataset. We performed textual analysis on the 
comments and built a visual representation of the result, which 
we plan to use as another trigger for reflects in the upcoming 
version of the system.     

TABLE 3. THE WORD COUNT FROM THE AGGREGATED STUDENTS REFLECTS. 

Word Count Word Count Word Count 
Class 140 Answer 72 Learned 71 
Java 43 Knew 37 Remember 37 
Int 36 Lecture 35 Thought 33 

 
In table 3, we can see the top 9 words from the filtered 
comments. The word that was mentioned the most was Class. 
This word can refer to the java class or the actual class the 
students are attending. After examining the data, we found that 
it mostly referred to the class they are attending, which does 
align with the observation of student’s tendency to reference 
the source of knowledge after the quiz attempt as can be seen 
in the table.  
 

VI. CONCLUSION & DISCUSSION  

In this work, we presented our effort to encourage the students 
to reflect during self-assessments. Our approach can be 
summarized in scaffolding the reflects and providing an 
incentive to the learners to reflect. To evaluate the 
effectiveness of the interventions, we conducted classroom 
studies and presented the preliminary results. We found that 
after the system enhancements, the usage of the system 
increased and resulted in higher quality reflects from the 
students. We also observed that, the performance of the 
students who provided constructive comments were slightly 
higher than those who were not able to provide constructive 
reflects. What we learned from this work was, we can get the 
students to increase their engagement in self-assessment using 
simple measures.  In the future work, we plan to extend the 
analysis of the reflects on the student performance and provide 
other interventions to assist the learners to reflect. We argue 
that by showing the aggregated comments word cloud to the 
learners after the answer attempt, it will increase the visibility 
of the comments and triggers the interest to reflect from the 
students. 

 
 

Student comments Constructiveness 

I chose "public static void main(String[] args)" 
because the other answers would cause errors. 

Constructive

I chose it because of the semicolon at the end. Relevant 

I chose this answer because I thought it was 
correct - it has all the right parts but now I 

realize the syntax is wrong. There is no space 
between main (String [] args) 

Constructive 

I chose this because it is what we use on all of 
our codes. 

Non-constructive 

I do not remember what the exact definition for 
a main method for a Java Program is. I have 

not had my first lab yet so I have had very little 
practice in Java. I thought it would need the 
semicolon but I think that might be wrong. 

Constructive 

I forgot there was no semicolon at the end, it is 
suppose to be an open squiggly bracket 

Constructive 
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