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Abstract— This Innovative Practice Work in Full Paper de-
scribes the use of a tool aimed to support the teacher’s decisions 
and interventions within the scope of programming classes. As 
computers play an increasingly important role in our lives, the de-
mand for programmers is growing. In addition to the intrinsic dif-
ficulties of programming, teachers must also deal with the vast di-
versity of students found in their classes. Close monitoring by 
teachers has been identified as a critical factor for student’s suc-
cess. However, it may be difficult for teachers to stay up-to-date at 
any moment about each of their students’ overall progress and ca-
pabilities.  For this purpose, we have developed a tool that collects 
snapshots of the students’ source code whenever they compile it. 
The snapshots are processed, and a series of visualizations and ag-
gregated data is made immediately available for teachers. Since 
teachers can’t be permanently looking at the system, we have also 
developed an automatic notification system, based on cognitive 
theories of selective attention, which will notify teachers about nu-
merous relevant aspects concerning their students’ performance. 
We present the results of a field experiment, which confirms that 
the tool indeed allows teachers to have a deeper insight into their 
students’ performance and progress, enabling them to make more 
grounded interventions. 
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I. INTRODUCTION 

The presence of technology in our daily life has increased so 
much in the last decades that, currently, several tasks simply 
can’t be done without the assistance of technology (e.g., filling 
the taxes). To support this proliferation of technology, we must 
have properly prepared professionals. However, as several re-
ports mention [1], there is a considerable lack of professionals 
capable of responding to the ever-increasing demand. To cope 
with this demand, in the last decade there has also been a con-
sistent increase in the number of students enrolling in computer 
science programs at different levels, from “boot camps” to doc-
toral programs. Unfortunately, the number of teachers hasn’t 
seen the same increase. 

 
Fig. 1. Cumulative percent growth of CS majors and instructional faculty since 
2006 (adapt. [2]).  

As shown in Fig. 1 extracted from a report by the Computer 
Research Association [2], although there is, in fact, an increase 
in the number of teachers, this increase does not match in any 
way the growth in the number of students. As mentioned previ-
ously, the number of students enrolling in doctoral programs has 
also increased considerably. However, contrarily to what hap-
pened in the past, most of the Ph.D. graduates are recruited to 
work in the industry, rather than in academia [3].  

To deal with the increase in the number of students, and a 
shortage of teaching personnel, several universities are forced to 
take actions like reduce low-enrollment courses, reduce non-ma-
jor offerings or increase blended and online offerings. Some 
other actions that have already been taken or considered involve 
increasing the size of classes or the number of teaching hours 
assigned to each teacher [3]. 
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While all these measures are needed, it is necessary to be sure 
that they don’t compromise the quality of teaching. In the vast 
array of scientific areas of computer science, we are particularly 
interested in programming. Since programming is such an im-
portant building block of the computer science student’s educa-
tion, it is very important that special attention is taken concern-
ing their experience with introductory programming courses [4]. 

Studies have shown that learning programming is not an easy 
task, and the students can experience difficulties during the 
learning process [5] [6] [7]. Among these difficulties, we may 
find different aspects like the demand for a high level of abstrac-
tion and a high capacity to solve problems, the complexity of the 
syntax or the difficulty to understand compile errors.  

From another perspective, it is also clear that teaching pro-
gramming also has its difficulties and challenges [8] [9]. Among 
these challenges and difficulties, we may consider mainly the 
following: having too many students per class; low number of 
contact hours with students; long list of topics to cover; topics 
permanently changing due to industry demand; and, dealing with 
plagiarism and the huge diversity among students (in terms of 
prior-knowledge and motivation). It is then obvious that increas-
ing the teaching load or the classes’ size per se might be an in-
teresting solution from a financial point of view, but eventually 
counterproductive from a pedagogical perspective.  

As stated by Bloom [10], the most efficient teaching-learning 
method is individualized tutoring, as the teacher is more aware 
of the students’ difficulties and capabilities, and can more easily 
adapt the teaching pace, and the materials and assignments pro-
posed to the students. Likewise, Raabe et al. [11] and Mendes et 
al. [12] claim that the students’ performance is highly coupled 
with the ability that the teachers have to detect their difficulties 
and react within useful time.  

Given the large number of students, this proximity relation-
ship between teachers and students may not be fully achieved. 
Nonetheless, it can be increased through the use of adequate 
tools [5]. There are already some systems that provide some in-
formation mainly to students. However, they provide very little 
information to the teacher about the performance of the students. 
In general, they provide only information about the number of 
students that attempted and managed to solve each assignment 
or the number of assignments that each student was able to solve.  

For this purpose, we propose the use of a tool able to auton-
omously capture information about the students’ performance 
and provide analytics to the teacher (data and visualizations). 
This way, we are able to considerably increase the teacher’s 
knowledge about their students’ capabilities and difficulties and 
thus allowing them to make more adequate decisions. 

In the next section, we present some relevant related work. 
We proceed by presenting details of the approach that we are 
proposing, followed by the main results of two field experiments 
with students and, finally, we make some conclusions and pro-
vide some suggestions for future improvements.     

                                                           
1 https://www.vocareum.com/ 
2 https://codio.com 
3 http://gradescope.com 

II. RELATED WORK 

One important field of research related to the programming 
teaching-learning process is the development of Intelligent Tu-
toring Systems (ITS) [13], which are systems capable of assist-
ing the students in the process of learning autonomously without 
or, at least, with minimal intervention of a human tutor.   

Although these efforts are important, van Lehn [14] has 
shown that students have a higher chance of succeeding when 
the teaching process is conducted by a human tutor versus an 
ITS. It was proven that ITSs are capable of performing better in 
assessing/modeling the students’ knowledge, but human tutors 
have a big advantage regarding providing feedback, clarifica-
tion, and motivation to students. 

Directly related to ITS, more recently, there has been a grow-
ing interest in the development of auto-graders, whose main pur-
pose is to automatically evaluate and grade the students’ tasks. 
Since programming involves much practice, these systems are 
particularly interesting, since they can save time for teachers, al-
lowing them to focus on other aspects of the teaching process. 
Unlike ITS, auto-graders are supposed to be included naturally 
in the context of traditional face-to-face classes. As examples of 
auto-grading systems coming from academia, we may find Web-
Cat [15], Retina [16] or TestMyCode [17]. In the last couple of 
years, several commercial systems have appeared as well. Ex-
amples are Voccareum 1 , Codio 2 , gradescope 3 , Mimir 4  or 
CodeLab5. 

In addition to the auto-grading component, most systems 
also provide plagiarism detection features, mainly via the use of 
well-established systems, like MOSS [18].  

All the systems presented previously can be valuable tools to 
assist students by providing information about the correctness 
(or not) of their solutions. Nonetheless, they have some limita-
tions, such as being limited to a pre-defined set of assignments 
(e.g., CodeLab) or the complexity to prepare a new assignment 
(e.g., gradescope). In some cases, like with Web-Cat, the process 
to submit the solutions to be graded might be somewhat compli-
cated. Another relevant aspect concerns the fact that several 
auto-graders imply that the students need to use a particular web-
based IDE, which they may not use in their professional activi-
ties.    

Particularly focused on presenting to the teacher some details 
about the students’ performance as well as some predictions 
about their future performance, we may find systems like the In-
structor Dashboard proposed by Diana et al. [19] or the dash-
board proposed by Matsuzawa et al. [20]. However, even in 
these cases, the information provided to teachers is very focused 
on a specific aspect of the students’ performance. 

III. OUR APPROACH 

We have developed CodeInsights, a modular web-based tool 
that allows teachers to obtain real-time information about their 

4 https://www.mimirhq.com/ 
5 https://www.turingscraft.com/ 



students’ performance, no matter when or where they are work-
ing, enabling them to identify problematic situations and act to 
solve them.  

Although not exclusive, CodeInsights was planned for a con-
text where teachers provide one or more worksheets for each 
topic with a certain number of “one-function” assignments to 
practice on that topic. Traditionally, students don’t submit their 
solutions for these assignments, which represents a relevant loss 
of information about the students’ performance. In most cases, 
the difficulties of the students are only identified at formal eval-
uation moments (e.g., exams or project delivery), when there is 
little to do to overcome them. Overall, the system should be used 
in a totally formative way. 

In CodeInsights, the teachers are free to decide which assign-
ments they propose to their students and, for this purpose, the 
system has a tool that allows them to insert and edit the assign-
ments in a very straightforward way. Unlike what happens with 
most existing systems, we have decided that students should be 
using the tools that they will probably use in a professional en-
vironment. So, instead of a custom web-based IDE, to use Co-
deInsights, the students only need to add one plug-in to the pro-
gramming IDE already in use in the course. Currently, the Co-
deInsights students’ plug-in is available for Atom, Eclipse and 
JetBrains IDEs (such as PHPStorm, IntelliJ or PyCharm). From 
the point of view of the monitoring tool used by the teacher, the 
IDE/editor used to develop the code is not relevant. Furthermore, 
as long as it is possible to use the existing API to submit the code, 
support for other IDE/editors can easily be added.   

Student
plug-in

Database
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Teachers

sand-box

Snapshot processing

Monitoring 
tool

Offline
Notification 

system

 
Fig. 2. CodeInsights’s global architecture. 

Fig. 2 shows a representation of the global architecture of 
CodeInsights. It takes as input snapshots of the source code that 
students are developing to solve a particular assignment. These 
snapshots are automatically sent to the “main server” each time 
students run their programs (in most IDEs, running a program 
implies that it is automatically compiled before running it).  

A. Processing the snapshots 

When the snapshots arrive at the server, the processing phase 
begins. First, the code is sent to be compiled/interpreted at the 
“sand-box server”. Although this component of the system could 

be placed on the same server, for security and performance rea-
sons it is better to place it on a different server.   

Depending on the programming language used, the code is 
compiled (e.g., C or Java) or interpreted (e.g., PHP or Python). 
In any case, if the code has compilation or interpretation errors, 
it will be considered as “having compile errors” and information 
about the errors will be collected. If there are no compilation or 
interpretation errors, the code will run as is and the output will 
be collected. Then, the code will be tested using a set of test cases 
to check if the code is working as expected (i.e., if the obtained 
output is equal to the expected one). Regardless of the code hav-
ing errors or not, the results from this phase are returned to the 
“snapshot processing” component. 

If the outputs obtained in the test cases are equal to the ex-
pected ones, the code will be considered “correct”. If the outputs 
are not exactly equal to the expected values, but they are very 
similar (eventually, with additional formatting characters, or ex-
tra blank spaces), the code will be considered “potentially cor-
rect” and teachers can later decide if it is, in fact, correct or not. 
Finally, if the outputs are entirely different from the expected 
values, the code will be marked as “incorrect”.  

For simplicity and flexibility reasons, we are using a “black-
box” unit testing approach. However, we are not disregarding 
the source code. For each assignment, the teacher may define a 
list of keywords that students cannot use to solve that particular 
assignment. For instance, if students are asked to write code to 
“manually” sort an array of unordered numbers and the program-
ming language already has a “sort” function, the teacher may de-
fine “sort” as a forbidden keyword. If students use any of the 
forbidden keywords, the snapshots will automatically be consid-
ered “invalid”.  

If the programming language allows it, each time the code is 
run, CodeInsights also measures its running time. If the code 
takes more than a certain number of seconds to run, that code 
probably contains an infinite loop, or simply a very badly de-
signed algorithm and thus it will be considered “incorrect” with 
an indication that the maximum running time was exceeded.  

Several other details about the code are collected for each 
snapshot, such as the total number of lines of code, blank lines 
or characters. All the data collected is stored in a relational data-
base (MySQL). From that moment on, the teacher has immediate 
access to all the collected information in the form of a series of 
visualizations and pre-processed data. Although the teachers can 
obtain a large set of information about their students’ perfor-
mance by looking at the data and visualizations, they would ob-
viously need to be using the tool at that moment.  

B. Information available for the teachers 

According to Stephen Few [21], one particularly interesting 
way to present information about a dynamic system is in the 
form of a dashboard containing the most relevant information 
that should easily be perceived with an “at-a-glance” look.  

For this purpose, CodeInsights provides a dashboard, in 
which the teachers have access to a series of indicators of the 
students’ performance (Fig.3). From this dashboard, teachers 
can explore deeper and have access to more detailed information 
about diverse aspects of the student’s work. For instance, for 



each class, the teacher can view a list of students with details 
about their overall progress (Fig. 4) and for each student, the list 
of assignments that she/he have attempted to solve (Fig. 5).  

 
Fig. 3. The main dashboard 

 
Fig. 4. List of students of a class with details about their overall progress 

 
Fig. 5. A portion of the list of assignments attempted by a specific student 

From the list in Fig.5, the teacher can have access to a page 
with details of the attempts made for each assignment, as shown 
in Fig. 6.   

 
Fig.  6. A partial view of the details of a snapshot 

Here, the teacher can browse through the source code of all 
the attempts made by that student for that assignment, consult a 
series of metrics (e.g., number of lines of code, execution time, 
number of errors), check the compilation or run-time errors, ver-
ify how the code behaved with the test cases and temporarily edit 
the source code and test it. Also, for each snapshot, the teacher 
can provide specific feedback that would be sent to the student 
by email along with a copy of the source code.  

In this page, the teacher also has access to information about 
the progress and performance of students compared with the 
goals defined by the teacher, as well as information compared 
with the performance of the rest of the class (Fig.7). 

 
Fig. 7. A portion of the page with statistics about the performance and con-
sistency of a particular student 

Another important information that the teacher can obtain 
concerns the consistency of the performance and overall pro-
gress of the students. For instance, Fig. 7 shows the details of a 
student that initially was performing in the high (green) and av-
erage (yellow) performance areas and from a certain moment on 
her/his performance dropped and it ended up in the lower-per-
formance area (red). This visualization could obviously be used 
to identify students whose work consistency suddenly changes 
dramatically, which may be an indication that the students are 
facing some problems that the teacher should eventually address. 

The existence of students working at considerably different 
paces is an aspect that teachers should be aware of while teach-
ing. Otherwise, they may simply keep moving forward without 
addressing the problems that some students may be facing, 
which in the end could result in dropout or failure. For this pur-
pose, CodeInsights provides a set of tools that allow teachers to 
be aware of these differences, allowing them to take adequate 
measures. These tools are explained in detail in [22]. One im-
portant visualization concerning this issue is shown in Fig. 8. 



 
Fig. 8. Distribution of the submissions in time 

In this visualization, each “dot” represents one submission, 
the XX axis represents the time and the YY axis represents each 
assignment grouped by its worksheet. The most important aspect 
of this visualization is the fact that there are several submissions 
of different worksheets at the same time. For instance, in the 
highlighted period, there are students working at worksheet 6, 
while some others are still working on assignments from work-
sheet 2. This information can be used by teachers to decide when 
it is pertinent to proceed to the next topic/worksheet as well as 
to determine if it is better to provide additional assistance to stu-
dents in order to try to synchronize their pace. 

The overall progress of the students is another important as-
pect that the teacher should take into account when monitoring 
the students’ activity. For this purpose, CodeInsights offers other 
visualizations, like the “progress matrix” shown in Fig. 9.  

 
Fig.  9. A portion of the progress matrix 

In this matrix, each square represents the “state” of the last 
submission received from a certain student (XX axis) and for a 
specific assignment (YY axis). The color of the squares has the 
following meaning: has compilation errors (red); no compilation 
errors, but the result was incorrect (blue); no compilation errors 
and the result was potentially correct (yellow); the results were 
correct (green); the code is invalid (purple). The grey squares 
indicate the student hasn’t made a single attempt to solve that 
assignment.  

Another interesting feature of CodeInsights is a live feed of 
students’ tasks, that lets the teacher follow in real time what the 
students are doing, as shown in Fig. 10. 

 
Fig. 10. A portion of the live feed 

In the live feed, each line corresponds to a student, and each 
small rectangle represents the state of the last snapshot produced 
by that student in the previous n seconds (15 seconds in this 
case). The colors of the rectangles have the same meaning men-
tioned previously for the progress matrix (Fig. 9). 

The system also provides information about the concepts that 
most students are having difficulties to understand (based on the 
assignments that the students were not able to solve correctly or 
haven’t even attempted to solve). This information could 
obviously be used to reinforce the assistance provided to 
students concerning a certain topic via the presentation of 
additional material or additional, eventually simpler, 
assignments. 

Some other visualizations allow the teacher to understand the 
amount of work that students need to perform outside classes, as 
well as in which period of the day they are working. This infor-
mation can be used to eventually identify scenarios where the 
assignments are demanding more work outside classes that ini-
tially might have been anticipated. 

C. Automatic notifications 

Teachers, understandably, have other classes to teach as well 
as a plethora of other tasks to fulfill, so they most likely won’t 
be able to be constantly looking at the data. For all these reasons, 
CodeInsights has another important feature that is the capability 
to notify the teachers about several aspects concerning the stu-
dents’ performance. These notifications can be generated online 
(in real-time when the snapshots are being processed) or offline 
(at a designated date and time). As examples of online notifica-
tions, we may find notifications about the excessive number of 
attempts to solve a certain assignment or the excessive number 
of consecutive attempts for an assignment with compilation er-
rors. The offline notifications are intended to broader aspects like 
an unusual number of students unable to solve correctly a certain 
assignment. In both cases, the notification will appear in the 
monitoring tool as a pop-up notification (although this implies 
that the teacher is using the system) and by email. 

We have identified many situations where the system may 
generate notifications to the teachers about different aspects of a 
student’s performance. This might lead the system to generate 
an overload of information that the teacher may be unable to pro-
cess in useful time. Because of this potential overload, we have 
decided to incorporate into our system one cognitive mechanism 
of selective attention.  

In short, the system will only generate a notification if it is 
cognitively relevant to the teacher (i.e., if it is surprising or new) 



[23]. The teacher defines expectations about the occurrence of 
an event in the form of probabilities. For instance, let’s assume 
that the teacher wants to be notified when students make an un-
usual number of attempts while attempting to solve an assign-
ment (more than 50). In this case, two events are possible: A, the 
number is lower than 50 and B, the number is equal to or higher 
than 50. Now let’s consider P(A) = 0.95 and P(B) = 0.05. Then, 
depending on the event that in fact occurred, the system will 
check if the expectations were met (occurrence of the event with 
the highest probability) or not. In this particular case, in the oc-
currence of A, a notification certainly will not be generated since 
the “expected” event has occurred. In the occurrence of event B, 
the system will need to check how surprising the occurrence of 
this event was. Only if the value of surprise is higher than a pre-
defined threshold, the notification would be generated. The se-
lective attention mechanism is described in detail in [24]. 

D. Information for the students 

Although the main focus of the system is on providing infor-
mation to teachers, CodeInsights also has some features particu-
lar designed for students. One of these features is available di-
rectly at the IDE/code editor and basically consists on providing 
basic information about the results in the unit tests that were per-
formed as well as the inputs and outputs used in those tests.  

The students also have access to a web-based application 
with details concerning all the assignments that they attempted 
to solve. For each assignment, the student has access to details 
about the last attempt (source code and the results of the unitary 
tests performed).  

E. Privacy  

Now, more than ever, an important aspect that also must be 
considered concerns the ethical and privacy issues of collecting 
and using this type of data [25]. In the European Union, all insti-
tutions that somehow deal with personal data must be compliant 
with the General Data Protection Regulation (GDPR) [26]. In 
general terms, this document defines all the rules to collect, store 
and share personal data. Although these experiments took place 
before the GDPR came into force, in general, the rules were al-
ready being fulfilled. It is important to mention that only strictly 
necessary data is collected. The data that enables the teacher to 
identify the students consists of the name of the student, the stu-
dent’s id, and the student’s email. Optionally, a photo of the stu-
dents could also be used to help the teacher to identify them. In 
any case, it is very important to stress that the data collected was 
not used beyond what was planned in the beginning and that was 
clearly explained to the students. At any time, the students can 
decide to quit the experiment and have the data already collected 
completely deleted. Obviously, the data is not shared with any 
third-party elements.  

In a previous experiment, we received the snapshots anony-
mized, and although it still allowed the teachers to provide over-
all feedback to students, it was certainly not so effective to ad-
dress the particular needs of a specific student.  

IV. EVALUATION 

CodeInsights was conceived and implemented using the De-
sign-Based Research methodology [27]. According to this meth-
odology, an artifact (e.g., an instructional program, a textbook, a 

policy, or a system in our particular case) is developed itera-
tively, and in each iteration, a set of features is conceptualized, 
implemented and evaluated. Results from the evaluation pro-
cesses from one iteration are assessed, and modifications to the 
existing features as well as new features are introduced in the 
next iteration.  

In this paper, we have presented CodeInsights in its fourth 
iteration which is the result of the integration of a series of sug-
gestions from the teachers that used the system in previous iter-
ations, as well as some new features that we decided to include 
in the system. The feedback provided by the teachers regarding 
the current iteration of the system will certainly be used as the 
starting point of the next iteration. 

 In this iteration, CodeInsights was evaluated in two field 
tests in real class experiments: one introductory course on the C 
programming language as part of a three-year undergraduate 
program (experiment A); one introductory course on the Java 
programming as part of a one-year intensive Java programmer 
program (experiment B).   

A. The experiments 

In experiment A, a total of 42 students enrolled in this course, 
although during the period of the experiment only 29 were actu-
ally attending classes or solving the assignments. The students’ 
involvement in the experiment was voluntary and did not have 
any direct influence on the final grade. During the experiment, 
the students should solve approximately 90 assignments divided 
into 9 worksheets. In the end, the system received a total of ap-
proximately 33.500 valid snapshots (of approximately 38.000 in 
total). The invalid snapshots were also received and processed 
by the system. However, most of them had problems concerning 
the misidentification of the student or of the assignment. Some 
other snapshots were actually just small code snippets used by 
the students to test a portion of their code alone, and not a full 
attempt to solve the assignment.    

In this experiment, the teacher decided that he did not want 
to receive notifications. Nonetheless, the teacher used the other 
features which allowed him to follow in real-time what the stu-
dents were doing and intervene whenever he felt necessary. The 
students used the Atom editor for writing the code and the web-
based tool to follow their performance. 

At the end of the experiment, the teacher was highly satisfied 
with the information that he could obtain from the system, and 
that he was not able to obtain in the past. Additionally, he mani-
fested the intention to use the system to support his classes in the 
future. The students revealed that having a tool where they can 
have access to information about the work they had done was 
very interesting and after some initial reluctance on using the 
system, they felt that they could definitively benefit from its use.   

Experiment B occurred in a less conventional context, with 
characteristics where the usage of CodeInsights has shown par-
ticular importance. As mentioned before, the system was used in 
an intensive introduction to Java course, in which the students 
spent 24 hours per week in class with the teachers for approxi-
mately three months. 

Due to this high load, a total of 6 teachers were responsible 
for a certain number of hours each day. For instance, on Monday, 



the students would be with teacher A for 6 hours, on Tuesday, 3 
hours with teacher B and other 3 hours with teacher C, and so 
on. In the past, the information about where teacher A stopped 
in order for teacher B to be able to start was passed using a com-
mon Excel spreadsheet. The teachers would also ask at the end 
of each class in which assignment each student was working on. 
The main problem is that most students of this course are highly 
motivated and, although they have spent several hours in classes 
programming, several of them would go home and keep working 
for some additional hours. This means that, most times, the plan 
that the teachers thought they would follow was simply outdated. 
While using CodeInsights, the teachers could access the system, 
and use the several tools available to understand what was al-
ready done, the main difficulties that the students have faced, etc. 

During the duration of the experiment (approximately two 
months), the system received more than 50.000 valid snapshots 
(of approximately 54.500 in total) from a total of 23 different 
students. The reasons for the invalid snapshots were the same as 
mentioned previously for experiment A. A total of approxi-
mately 130 assignments organized into 10 worksheets were of-
fered to students. Throughout this experiment, the system has 
generated approximately 100 notifications concerning different 
aspects of the students’ performance, such as the existence of 
students with an unusual number of attempts for a certain assign-
ment (62 notifications), the existence of assignments without a 
single attempt (2 notifications), as well as the existence of stu-
dents without any attempts for more than 5 days (3 notifications). 
Other notifications that were generated several times concerned 
the existence of students working at considerably different paces 
(35 notifications). 

B. Interviews with the teachers 

For both experiments, at the end of the experiment, we have 
conducted a semi-structured interview with the teachers. It cov-
ered several different topics, and its main purpose was to under-
stand how the teachers have used the system and how it has al-
lowed them to get a different insight into their student’s work. 
Obviously, we were also interested in all the suggestions for fu-
ture improvements that the teachers could provide. Next, we will 
present some of the most relevant questions, as well as an over-
view of the obtained answers. 

1) How often have the teachers used CodeInsights?  
All the teachers used the system while in class with the stu-

dents and outside of that period as well, mainly to support the 
preparation of the following classes. 

2) How useful was the information provided?  
The information provided by the system was considered 

highly useful by all the teachers. Particularly, the information 
that the teachers were unable to obtain in another way, such as 
the amount of work done outside the classes. 

3) Which feature of the system did you use more frequently? 
The teacher from experiment A used mainly the “live feed” 

and the snapshot details features while in class with students and 
the matrix outside that period. Interestingly, the teachers from 
experiment B didn’t use the live feed so much and said that they 
had used mostly the matrix both while in class with the students 
and outside the classes. To obtain more information about a cer-
tain assignment they also used the snapshot details feature.  

4) Did you have difficulties to interpret the information pro-
vided?  

The teachers mentioned that in general the information was 
provided in a very straightforward way. However, the system 
would benefit if some contextual help was introduced in certain 
visualizations.   

5) Did you take any measures directly influenced by the in-
formation provided by the system?  

The teachers mentioned that indeed they had made several 
interventions influenced by the system, such as addressing the 
difficulties that particular students were facing, provide addi-
tional time for the conclusion of certain worksheets or give extra 
assignments to maintain the most fast-paced students motivated.  

6) In future editions of this course, or in other courses, 
would you consider using CodeInsights?  

All the teachers that have used the system were very pleased 
and mentioned that they would like to use the system in the fu-
ture, as they were able to benefit very much from its use. Some 
teachers mentioned, that they would analyze with further detail 
the information provided by the system to identify those assign-
ments that put more difficulties to students, in order to under-
stand if the assignment itself is unclear and need to be rephrased 
or replaced for future editions. In both cases, we were asked to 
allow the use of the system in the next academic year.   

7) What was the reaction of the students concerning the us-
age of the system?  

The teachers said that initially there was some reluctance in 
using the system, because the students didn’t really understand 
what it was used for. However, when the teachers explained the 
real purpose of the system and mainly when the students started 
to notice that they could benefit from its use, it became natural.  

8) Do you have any suggestion for future improvements to 
the system?  

One teacher suggested that the system should allow the 
teacher to select which visualization should be displayed after 
login. Another teacher suggested that the system should allow 
the attribution of a certain weight to each assignment, in order to 
generate a “formal” grade in the end. Yet another teacher men-
tioned that it would be interesting to have access to information 
about the quality of the solution (i.e., the code may be working 
but not in the most efficient way). Other interesting suggestion, 
which has already been implemented, concerns the possibility to 
create a leaderboard based on certain aspects of the student’s per-
formance. 

C. Discussion 

The information collected in these interviews is very encour-
aging, as it shows that the teachers are indeed able to access a 
vast amount of information that they were unaware, or that was 
very difficult to obtain previously. However, most importantly, 
the teachers were able to use the information to provide better 
assistance to the students. 

Since the teacher interventions were made directly with the 
students, we are not able to quantify exactly the type and number 
of interventions made, as well as the students that benefit from 
them. From the notifications generated by the system, we can 
understand which students were the subject of the notifications 



and deduce that they were submitted to some intervention, how-
ever, we cannot be sure of that. The system itself allows the 
teacher to make a record of some type of interventions related to 
a specific code snapshot, but understandably the teachers didn’t 
use that feature. This aspect should for certain deserve our atten-
tion in the future.  

V. CONCLUSIONS  

We have presented CodeInsights, a system with a set of tools 
that can be used to augment the perception that teachers have 
about their students’ performance while programming.  

It is particularly important to mention that the system was 
developed to adapt to the teacher’s needs and not the other way 
around. This way, the use of the system should not imply any 
deviations from the methodology that teachers use including the 
IDE or code editor as well as the set of assignments provided to 
students. Another important aspect is the fact that the students 
don’t need to perform any special action that they wouldn’t per-
form if the system was not being used. Their only focus should 
be on solving the assignments and not on using the system. 

In both experiments that took place, CodeInsights has proven 
very useful for the teachers to discover data that otherwise would 
have been missed, which has enabled them to better ground their 
decisions through the duration of the experiments, contributing 
to improve the performance of their students.  

One important aspect of CodeInsights is the fact that, alt-
hough it provides a vast array of tools, it allows the teachers to 
use only those they want. For instance, although the auto-grading 
feature is very useful, we were contacted by a teacher that would 
like to use the system without this feature in an algorithms course 
where he would like to correct and grade the submissions him-
self. The system indeed allows this.   

A new version of the system is being tested which includes 
new features, like new notifications and visualizations, including 
some related to the identification of plagiarism in real-time. 

One aspect that should deserve our attention involves the in-
tegration of machine learning mechanisms to support some pre-
dictions about the future performance of students in order to sug-
gest certain interventions to teachers.   

Finally, we should highlight, that due to its modular architec-
ture, new data-sources like other programming languages and 
IDEs could easily be used. Also, due to the fact that all the data 
is stored in a relational database, we could think of a series of 
other data manipulations and visualizations that will be devel-
oped in the near future. Overall, we consider that the system pro-
vides a good framework for further developments. 
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