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Abstract

We have been developing a learning support system of C programming language for novices
named Hello C. This paper aims to describe Hello C’s details, such as its concept and func-
tions. Besides, this paper aims to verify the possibility of Hello C as a learning analytics
tool for improving programming education. Hello C has an analyzer and management sys-
tem for instructors, and they can use these functions to monitor and analyze the learners’
activities. We examined the usefulness of Hello C as a learning analytics tool using the
coding logs from an actual lecture. We could detect the signs of the “impass”, which is de-
fined as the time interval data that the learner did not compile. From this analysis result, we
concluded that Hello C is useful for supporting learners who cannot perform the instructor’s
activities.
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1 Introduction

In recent years, the importance of programming education in higher education has been in-
creasing [1]. On the other hand, the current educational environment seems insufficient for
all learners because there are a certain number of learners who cannot learn programming
[2]. Building a learning environment easy for learners to learn would be one of the most
effective ways to improve programming education better. It is also important that the sys-
tem should provide functions easy for learners to learn and for its instructors to teach. One
of the essential factors as an easy environment for instructors to teach is the progress man-
agement function where the learning history/learning activity data are easily obtainable. It
helps instructors to grasp the level of understanding of learners as necessary. In addition, a
user-friendly system for learners is also essential. If learners are given a difficult system to
use, they will not be able to perform the desired learning activities. Naturally, the learning
log will not be desirable either. Therefore, to collect appropriate data from the learners, it
needs to provide a user-side system facilitating proper learning activities intended by in-
structors. Considering this point of view, we think it is inevitable to build an environment
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that makes it easy for learners to learn and develop a system that can simultaneously collect
and analyze the learning log.

Based on the background mentioned above, we have developed a learning support sys-
tem of C programming language for novices named Hello C [3][4][5]. Hello C is an editor
application for C programming on Microsoft Windows OS. Hello C provides a coding,
compiling, and executing environment of C programming that allows learners who are not
familiar with elementary computer operation to make it easier to engage in its learning. In
addition to that, Hello C has a management system for instructors named Hello C Server[6].
Hello C Server is to support the delivery of assignments and the progress management of
learners. These two systems, called Hello C client and server, are server-client systems
that work together (hereinafter collectively called Hello C). Hello C is designed as a pro-
gramming environment specialized for basic C language learning. Hello C is a learning
application for only beginners, and is not suitable for full-scale software development. On
the other hand, Hello C is now able to provide a unique UX because it is specialized for
a specific user segment. In the case of a typical class of C language in university, a spe-
cialized environment such as Linux or a rich integrated development environment such as
Visual Studio is usually used. However, these professional and advanced learning environ-
ments are challenging for some learners [7]. Some learners who are new to programming
are not familiar with computers because they do not have much opportunity to use them
daily. Moreover, some beginners do not fully understand OS and the basic concept of file
management. Besides, some do not know how to use the editor and are not used to typ-
ing. Therefore, such environments would be inappropriate for them. Another problem is
that programming requires various tasks such as setting up a development environment,
file operations, and tasks required to write and execute a program. These might hinder the
learner’s intrinsic programming learning, and they cause a decline in learners’ motivation
for learning. Then, the main purpose of developing Hello C is to solve these problems.
Hello C mainly focuses on learners who are not used to programming. They can focus on
essential learning by experiencing an easy-to-use Ul of Hello C. Besides, Providing a user-
friendly UI is a great advantage for the instructors. Because a user-friendly UI allows the
learners to focus on the instructor’s task, and it leads to reduce the number of unintentional
logs. Less noisy logs enable instructors to reflect appropriately.

This study describes the details of Hello C and verifies the possibility of Hello C as a
learning analytics tool. Hello C has an analyzer and management system for instructors, and
they can use these functions to monitor and analyze the learners’ activities. We examined
the usefulness of Hello C as a learning analytics tool using the coding logs from an actual
lecture. We succeeded in detecting the signs of the “impass”, which is defined as the time
interval data that the learner did not compile. From this analysis result, we concluded that
Hello C is useful for supporting learners who cannot perform the instructor’s activities.

2 Hello C

The appearance of the Hello C client is shown in Figure 1. Hello C Client includes simple
project (source codes) management, advanced editor with auto-completion, static analysis,
easy debugging, auto-completion, static syntax check, and assignment management. These
features are designed to reduce the burden of non-programming computer operations as
much as possible, most of which are assumed as unessential learning tasks while allowing
instructors to focus on their intended learning activities. In particular, the assignments man-
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Figure 1: Appearance of Hello C Client

agement function for obtaining, marking, and submitting assignments are unique to Hello
C and not found in other C language learning support systems. This function is realized
by interfacing with the Hello C server. The Hello C client can send log data of the Hello
C server’s learning activities when submitting an assignment. The log data includes the
learning process information for each learner’s task so that pre-and post-learning monitor-
ing and post-analysis are easily possible. Therefore, Hello C server can support instructors’
reflection activities and their learning analytics. Hello C client itself is available without the
Internet connection if the user writes a program and does not need the assignment manage-
ment function. The Hello C client is developed using the Visual Basic .NET Framework
4.5. Compilation and execution are performed by gcc for Windows.

Hello C server is a web application and a learning support system for instructors. It
provides various APIs for the Hello C client, learners, classes, learning tasks management,
and learning analytics. Hello C server runs on Ubuntu 16.04 as OS, Apache 2.4.29 as web
server software, and MySQL 10.1.28-MariaDB as a database management system in the
LAMP environment, and was developed using PHP 7.1.11 and CakePHP 3.6, a software
framework package.

As there are many other C language learning environments for beginners, Hello C would
be the original because it has an assignment sending and receiving function and log data
collection function. The server-client system implements this service. With the learning
data, instructors can also grasp the source code’s state per compiling, these judgment results,
and compiling timing. The system configuration with Hello C client and server is shown in
Figure 2.

Figure 3 shows the details of the log data recording function. After downloading as-
signment data, the learner can work on these with the editor pane of Hello C Client. Each
time a learner compiles, source codes and the message of compiling results are automati-
cally saved. The log data consists of learner ID, assignment ID, source code, timestamp,
and the message of compiling result, mainly the error message. When a learner submits an
assignment, Hello C Client sends log data and the response data to the assignment to the
Hello C server. With this information, instructors can centrally grasp all learners’ activities,
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so this information would be available for learning support, such as lesson planning and
individual guidance. Hello C client and server communicate with JSON. In Hello C, the
execution of programs, sometimes it becomes a heavily-loaded process, is the work of the
client-side. Since Hello C adopts such a system configuration, the load is not concentrated
on Hello C Server. Therefore, Hello C server can run on a general-purpose computer and
simple server package like XAMPP.

3 Evaluating the Usefulness for Learning Analytics

3.1 Basic guideline for learning analytics

It has been shown the existence of various types of stumblings, stagnation of learning ac-
tivities, when beginning learners are learning C programming, and various studies on stum-
blings have been conducted[10]~[12]. Adachi et al. suggested that prediction of stumblings
may be possible based on learners’ affinity for computers and aptitude tests and pointed
out that stumblings in the problem abstraction process tend to reduce learning motivation.
Therefore, it is ideal for avoiding learning tasks triggering stumblings because it leads to
decreased learning efficiency and motivation. However, presenting only learning tasks that
can completely suppress the occurrence of stumbling is not easy. Therefore, research on
detecting stumbling blocks has been actively pursued. Suppose we can develop a learn-
ing support system that can detect stumblings. In that case, it will be possible to support
learners who face stumblings at the appropriate time, which is expected to sustain their
motivation to learn and thereby sustain and improve their learning efficiency. This paper
focuses on defining the signs of stumbling and detecting the signs of stumbling using the
acquired log data as a preliminary step for stumbling detection. Yamashita et al. defined
stumblings of programming as “impasse”, and stated that programming learners have var-
ious impasse during learning [8]. They showed the conditions of impasse to detect, and
some of these conditions were about the time intervals between compilations. It suggests
the relationship between “impasse” and the time interval between compilations. In this pa-
per, to show the usefulness of Hello C for learning analysis, we focus on impasse on the
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Figure 3: Automatic log data storage function

time interval between compilations. From the log data collected in Hello C, we reveal the
variance of the time intervals between compilations for each user and each question and
investigate whether the variances are helpful to detect impasses or not. This study used log
data of 71 first-year students from an actual class in a college. The total number of assign-
ments was 31. The learners got several questions at the same time once every two weeks as
the assignment. The instructor intervened only when the students were in trouble.

3.2 Problem-by-problem analysis

The time intervals between compilations were analyzed for each problem. The behavior of
two or more compilations to the same source code is likely to I/O check, miss-operation, or
Operations performed suspecting a system-side problem. Therefore, we assumed that two
or more compilations to the same source code were not the learning activities performed
for program development and would not be directly related to impasse. Then, we removed
such compilation activities from the analysis.

Figure 4 and Figure 5 shows the analysis results. Figure 4 focuses only on the percent-
ages of two kinds of time intervals for each question: 2 to 10 minutes and more than 10
minutes. Figure 5 shows the distributions of time intervals for each question as a box plot.
Here, the lower bar is the 1st quartile -1.5 IQR, the bottom of the box is the 1st quartile, the
line in the box is the median, the top of the box is the 3rd quartile, the upper bar is the 3rd
quartile + 1.5 IQR, and the others are the outlier. These results show that the time intervals
depend on the questions. The result shown in Figure 5 is a natural tendency since the re-
quirements and level of difficulty vary from question to question. Let us explain the detail
of Question ID 8 and ID 23 as examples that have two completely different distributions
in Figure 5. The requirement of Question ID 8 is to display text messages multiple times
on the screen. Question ID 8 doesn’t require any variables, and the distribution of the time
interval was small so that it can be regarded as an easy question. Furthermore, the learners
had received guidance about the concept of the loop statement just before this assignment.
So, the learners might be able to imagine the control structure to fulfill the requirement eas-
ily. On the other hand, the distribution of Question ID 23 was fully different from Question
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Figure 4: Percentages of two groups of time intervals between compilations for questions

ID 8. The requirement of Question ID 23 is to draw a figure using a double loop. Also, the
learners had to apply the structure of the double loop. Seeing its distribution, the control
structure required by Question ID 23 would be difficult for many learners. In this way, the
time intervals would depend on the difficulty level of the requirement and the timing in
which the learners got assignments. Therefore, to detect impasse more properly, it is ef-
fective to set the threshold of the time intervals that determines whether the measured time
interval is an impasse or not. As shown in Figure 5, the value of an outlier in a question
sometimes is normal in another question. Based on this fact, if we assume the value of
the outlier as a sign of impasse, we need to set the threshold to define the outlier for each
question in advance based on past trends. Fortunately, Hello C can satisfy this requirement.
Since Hello C can store all past time intervals in its database, the lecturer has all the in-
formation to determine the threshold. Also, Hello C can keep the value of the threshold
for each question. Besides, Hello C can realize real-time notification of impasse by using
asynchronous communication technologies such as Ajax. In the previous research [8], the
threshold to detect impasse was constant for all questions. On the other hand, the analysis
result showed the need to give different thresholds for each question to detect impasse more
appropriately. Hello C has the capability to provide the different time intervals between
compilations for questions, and it would be more desirable to detect impasse. This point
is considered the contribution of this study, so we can conclude that Hello C is useful for
learning analytics.

3.3 Learner-by-learner analysis

We analyzed the time intervals between compilations for each learner. The analysis results
are shown in Figure 6 and Figure 7. The notation of Figure 7is the same as that of Figure 4
and Figure 5. As shown in Figure 6 and Figure 7, the time intervals differed greatly among

Copyright © by IIAL. Unauthorized reproduction of this article is prohibited.



Evaluating the Usefulness of C Language Learning Support System as a Learning Analytics Tool

00:10:05 :

00:08:38 =
2
00:07:12 :
B ° . °
00:05:46 i -
00:04:19 = =~ ° e . s —
° . s o
. L4 T
3 | . ]
00:02:53 = a1 r . It
° X ° 1
| ] ; X
00:01:26 ﬁ { I ! I I I i l
00:00:00 L+ 1 ! ﬁ A il 1

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

e e o0 ot
ecese o oo
eo o 0o o
ess o8 o .
.
°

ee o o
°

eo e
e e 2990 o oo ssecee °0 @

0w o0 o8 oo o8
e o

°
X

*

o 00

—-—X

-~ A .
o=

o il o o
N s S

w
=)
~

Figure 5: Variances of time intervals between compilations for questions

learners. This may be due to the coding style of the learners.

To investigate the results of Figure 6 and Figure 7 in more detail, we examined the time
intervals for each learner; Figure8 and Figure9 show typical behaviors. From Figure8 and
Figure 9, first, we can see the trend that the distributions differed depending on questions,
even the same learner. Therefore, the time intervals would depend more on the assignments’
requirements and the assignments’ timing rather than the learner’s coding style. Second, we
can see the case where an outlier of a learner is normal for others in a question. From this
result, to realize the automatic detection of outliers as impasse, we should calculate the
threshold for each learner’s each question. For example, in learner ID 1101 as shown in
Figure 8, this learner usually compiled within 2 minutes or less time interval. Still, the
learner had about 8 minutes time interval in question ID 19. Similarly, we can see some
outliers in question ID 20 in this learner. However, in learner ID 1083 shown in Figure9,
there are no outliers in question ID 20. In question ID 19, the variance of learner ID 1101
is large, but the values of learner ID 1083 are gathered in a narrow range. These results
suggest that we should set the thresholds for each learner in each question to detect impasse
more appropriately.

Given that the time intervals vary from learner to learner, we need to consider the dif-
ficulty level of each question and the characteristics of each learner if we aim to detect the
impasse based on the time intervals between compilations. Here shows an example of the
procedure for detecting and notifying of impasse. First, when a learner has a time interval
t that exceeds a threshold 6; set for each question i, we calculate a value that indicates the
degree. Next, the value of x, the degree to which the learner’s average time interval (learn-
ing style) deviates from the average of all learners (typical learning style), is calculated by
referring to past data and assuming a normal distribution. After that, the threshold is up-
dated by 6; +w;x (w; is a parameter for adjustment) to Gi’ , and if 9,-’ < t, it is finally alerted
to the instructor as impasse. In this paper, thanks to Hello C, we were able to confirm such
a possibility. We can consider that this is firm evidence that Hello C would be an available
tool for learning analytics in the future.
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Figure 6: Percentage of five groups of time intervals between compilations for learners

3.4 Defining learning progress and detecting impasse

By analyzing the sufficiency of requirements in each compilation, we evaluated whether
the learner was getting closer to the correct answer. Figure 10 and Figure 11 show the
chronological changes of the fulfillment of 6 requirements. For example, in Figure 10, the
time interval between the compilations at 1 minute 26 seconds and 4 minutes 19 seconds
is longer than the others. However, during this time, the learner satisfies two requirements.
In such a case, even if the time interval is significantly longer, it can be considered that
the learning is progressing and well. Therefore, the time interval with such characteristics
should be excluded as a sign of impasse. On the other hand, in Figure 11, the number of
fulfilled requirements has not changed during the time interval between the complications
at 4 minutes 10 seconds and 7 minutes 08 seconds. So, the learner is not progressing and is
likely to be stumbling. Therefore, it would be more effective to alert them as the impasse
only in such a situation.

In summary, adding “learning progress” to the time intervals and detecting a learner
who “does not satisfy a requirement in the learning task when the time interval is an outlier”
as a sign of the impasse is significant as an example to improve the accuracy of detecting
the impasse. By the way, Hello C has enough capability for implementing this procedure.
Therefore, we can say that Hello C is useful for further supporting learners because it can
provide such a service to the instructor.

4 Discussion

First, we examined the distribution of the time intervals between compilations in each ques-
tion to detect impasse more accurately. From the result, we found that the time intervals are
different for each question. Therefore, we examined the time intervals according to the dif-
ficulty level of questions. The analysis results suggested that the time intervals might differ
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Figure 8: Time intervals between compilations by question for the learner with UserID
1101

in the difficulty level and the timing of assignments given to learners. From the above result,
giving different thresholds from the time intervals would help find impasse and supporting
learners and their instructor.

Next, we examined the distribution of the time intervals between compilations for each
user. From the analysis result, we firstly could find that coding activities greatly vary from
learner to learner. For example, there were learners whose time intervals between compi-
lation are always short, and also, there were learners whose time intervals were not stable.
This result suggests that many coding patterns exist, and they are absolutely different de-
pending on learners. Therefore, it suggests that we need to give different thresholds of
the time intervals for detecting impasse for each problem for each learner. For example,
it would be effective to calculate the distribution of time intervals between each learner’s
compilations from the past coding history and alert it when a newly obtained value of the
time interval deviates from the normal value range.

In addition to the above results, although not verified in this paper, we proposed a
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method to classify two kinds of time intervals in which learning is progressing and not. We
will address the classification of such two kinds of time intervals and implement it to Hello
C as the future work.

5 Conclusion

In this paper, we showed the details of Hello C and examined its possibility as a learn-
ing analytics tool. First, we explained the system configuration of Hello C and especially
emphasized the original capability of Hello C different from the current many other C lan-
guage learning environments for beginners. Especially, we mainly showed the detail of the
assignment sending and receiving function and log data collection function. Based on the
explanation, we clarified the contribution of Hello C. Second, to show the usefulness of
Hello C for learning analysis, we focused on the time intervals between compilations to
detect impasse. From the log data collected in Hello C from an actual class in a college,
we revealed the variance of the time intervals between compilations for each user and each
question. Then, we investigated whether these data are helpful to detect impasses or not.
From the analysis, we found that the variances of the time intervals were different for each
question. Therefore, we compared the time intervals for all questions. The analysis results
suggested that the time intervals might differ depending on their difficulty levels and the
timing provided to learners. From the above, giving different thresholds would be more
helpful to detect impasse and also to support learners and their instructor. In the previous
research, the threshold to detect impasse was constant. On the other hand, thanks to Hello
C, this paper showed that giving the different thresholds for questions is more desirable
to detect impasse. Since this result can enhance conventional programming education, we
concluded that Hello C is useful for learning analytics.
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