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Abstract

Recent research has shown a great interest in supporting self-regulated learning (SRL)
strategies in online learning. However, there is hardly any study that has investigated how
students’ self-regulation of behavior could be promoted in online environments for pro-
gramming learning and assessment, despite the proliferation of automated programming
evaluation systems. This study examined the ways our online Distributed Systems Labo-
ratory (DSLab) tried to enhance students’ self-regulation of behavior in a real long-term
online educational experience. Participants were a sample of 111 university students who
performed a programming assignment using DSLab. A customized questionnaire was used
to collect data from all students. Our results revealed that DSLab tool managed to enhance
students’ self-regulation of behavior to a large extent. Moreover, our study explored the
correlation between students’ cognitive, metacognitive and critical thinking strategy use
and their self-regulation of behavior. Since more and more programming course teachers
seek to increase students’ SRL in general or distributed programming settings, our study
provides significant insights into the evolution of automated assessment tools for support-
ing the development of students’ SRL and behavior.
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Introduction

Supporting self-regulated learning (SRL) in online learning environments has become an impor-
tant topic of research in the last years (Tsai et al. 2013; Wong, Baars, et al., 2019; Wong, Khalil,
et al., 2019). Since several learner SRL strategies (such as time management, metacognition,
effort regulation, and critical thinking strategies) correlate positively with academic outcomes
(Azevedo & Aleven, 2013; Broadbent & Poon, 2015; Carson, 2011; ChanLin, 2012; Klingsieck
et al. 2012), several approaches were proposed for supporting SRL strategies in online learning
settings. Indeed, Zheng (2016) reports several types of support during learning, namely use of
self-monitoring tools (Chang & Lin, 2014; Kim & Pedersen, 2011), tutor feedback (Biesinger &
Crippen, 2010; Wischle et al. 2014), or guidance through an intelligent tutoring system (Dufty &
Azevedo, 2015). Other approaches use prompts to induce SRL strategies and enhance learning
outcomes (Bannert & Reimann, 2012; Kauffman et al. 2011; Kizilcec et al. 2017).

Among behavioral regulatory strategies, effort management, time management, and help-
seeking proved to be positively correlated with academic outcomes (Richardson et al. 2012).
Effort management strategies help students focus their attention on the task they are perform-
ing and use their effort for achieving it effectively. During this process, students acquire com-
petences that enable them to deal with failure, persist and overcome difficulties. To this end,
these strategies foster motivation and commitment to completing one’s goals even when there
are problems or distractions. Time management strategies allow students to acquire skills
related to setting goals and priorities, planning, self-monitoring, conflict resolution, negotiat-
ing, classifying and assigning tasks, negotiating as well as problem solving. Students achieve
successful time management if they can maximize their use of time to facilitate academic
performance, balance, and satisfaction. Help-seeking strategies involve processes of seek-
ing assistance from others (e.g. teacher, peers) or other sources that facilitate accomplishing
desired goals in a learning environment. These strategies are associated with student moti-
vation and can assist students not only to address their immediate learning needs but also
to improve their performance, by gaining knowledge and skills and alleviating difficulties,
which ultimately enhances understanding, achievement and subsequent independence.

Automated assessment tools are systems that show students’ performance while carry-
ing out a task. They can be useful for both students and instructors, providing ranking and
immediate feedback which can have a strongly positive effect on student learning. Within
the recent few years a significant number of automated assessment tools have been imple-
mented to assess programming assignments (Pettit et al., 2015). They utilize mechanisms
for assessing programming assignments, examining the type and nature of student errors
and providing meaningful feedback. They may be also capable of: employing grading meth-
ods, allowing students to correct their errors in real time, and making them aware of their
misconceptions, knowledge gaps and their own learning more accurately and in a timely
manner. Distributed systems, also known as distributed computing, are systems with mul-
tiple components located on different machines that communicate and coordinate actions
in order to appear as a single coherent system to the end-user and achieve a common goal.
Distributed systems focus on advanced programming techniques and skills in order to build
software systems that can better meet the demands of distributed platforms. To that end,
they need to be supported by adequate methods and tools (Daradoumis et al. 2019). In this
context, supporting students’ self-regulation of behavior can be crucial. However, there is
hardly any study that has investigated how an automated assessment tool for distributed pro-
gramming could strengthen students’ self-regulation of behavior. Some efforts performed
in computer science showed that when students employed SRL strategies achieved good
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performance in introductory programming (Alhazbi & Hassan, 2013; Bergin et al., 2005).
Another study showed that students face difficulties in computer science education when
they are not aware of SRL strategy use, so fostering them is important (Alharbi et al. 2012).

Therefore, the objective of this study is to examine how the use of an online Distributed
Systems Laboratory (DSLab) can improve students’ self-regulation of behavior when they
deploy, execute and assess their distributed programming assignments.

We organize the rest of the paper as follows: In Section Literature review on students’
self-regulation of behavior, we review the literature regarding SRL supports in online
learning settings in general and in computer programming environments in particular;
then we set the purpose and research questions of our study. In Section Research aims, we
describe the methodology used in this study. Section Method presents the results whereas
Section Results discusses and analyzes these results with respect to the research questions.
Finally, we present the conclusions and future work.

Literature review on students’ self-regulation of behavior

Supporting students’ self-regulation of behavior in the context of online learning
environments

Self-regulation of behavior constitutes an important aspect of SRL and includes time and
effort management as well as help-seeking items (Pintrich, 2004). Our study focuses on spe-
cific strategies that learners can use to manage their effort and time, and seek help in order
to learn effectively. In their survey, Wong, Baars, et al. (2019), Wong, Khalil, et al. (2019))
found that several SRL-supports were implemented in traditional online learning environ-
ments, such as prompts, feedback, and integrated support system. Stahl and Bromme (2009)
used prompting together with graphic organizers on help-seeking processes. Sitzmann and
Ely (2010) reported that continuous prompting could affect effort management, whereas Yeh
et al. (2010) found that self-explanation prompts urged students to spend more time learning.

Different types of prompting were examined. Cognitive prompts were employed at dif-
ferent phases of the learning process to support searching for information, planning, ori-
entation, goal specification, monitoring, and evaluation of learning (Bannert & Reimann,
2012). Metacognitive prompts were provided to guide or make learners reflect during a
problem solving process (Kauffman et al. 2008), or to support conceptual understanding
during learning (Moos & Azevedo, 2008); besides, Bannert et al. (2015) suggest that these
prompts support SRL strategies in the short-term, though they achieve to improve learning
performance in the long-term.

Unlike prompting, feedback was much less used as an SRL support. In fact, it was not
used as a method to support self-regulation of behavior but rather to promote reflective
activities (Biesinger & Crippen, 2010; Wischle et al. 2014). Other approaches showed that
the combination of reflection prompts with tutor or peer feedback supported more some
motivational factors (Duffy & Azevedo, 2015; Van den Boom et al. 2007), making students
dedicate more time and effort to learn and achieve their goals.

Moreover, Kramarski and Gutman (2006) implemented a tool that used metacogni-
tive feedback as a method to support students’ self-monitoring. Besides, El Saadawi et al.
(2010) found that when an intelligent tutoring system (ITS) provided students with imme-
diate feedback, combined with other metacognitive scaffolds, had an impact on learning.
Moreover, integrated support systems that used SRL-enabling tools or prompts focused
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more on cognitive or metacognitive scaffolds to provide instructions on regulation or elicit
metacognitive activities in a collaborative learning environment (Molenaar et al. 2011,
2012) or help goal setting (Manlove et al. 2007). Yet, training proved to be an effective way
to improve students’ SRL knowledge, metacognitive strategies, cognitive strategies (elabo-
ration, organization and critical thinking), and resources management strategies, such as
time-management and effort regulation (Broadbent et al. 2020).

Students’ self-regulation of behavior in online computer science education

In online computer science education, Pettit et al. (2015) found out that automated assess-
ment tools (AAT) can be useful in reinforcing the accuracy of assessment, assisting teach-
ers and enhancing student learning. Despite the proliferation of ATTs in the last decade,
only few studies attempted to examine ways for supporting students’ self-regulation of
behavior. Such studies used the Motivated Strategies for Learning Questionnaire (MSLQ)
(Pintrich, 2004) to assess college students’ self-regulated learning in introductory com-
puter programming courses (Alhazbi & Hassan, 2013; Bergin et al., 2005; Chen, 2002).
The MSLQ instrument was used to measure students’ awareness of SRL skills and the
positive effect of effort regulation on learning computer concepts (Chen, 2002). In their
survey, Pettit et al. emphasized the need to explore students’ opinions more extensively in
order to improve AATS’ design and use with new features.

Standard compiler/interpreter feedback and tracking of students’ actions have been con-
sidered as important features of assessment tools which have been used to analyze and
assess students’ programming assignments (Grivokostopoulou et al. 2017; Rivers & Koed-
inger, 2017; Robinson & Carroll, 2017; Sukhoroslov, 2018). However, the effect of AAT
feedback on students’ self-regulation of behavior has not been investigated.

Alharbi et al. (2014) designed an online learning object system to support the self-
regulated learning of programming languages concepts. They emphasized the importance
of improving students’ metacognitive skills by incorporating more features into the learn-
ing material, such as self-assessments with instant feedback, and self-reflection support.
Pedrosa et al., (2019) used the SimProgramming pedagogical approach to help students
improve their SRL strategies, namely: information search, work reviewing, time manage-
ment, social seeking assistance, resolution of difficulties, and environmental structuring.

The relationship between CMC strategy use and self-regulation behavior

When learners are able to adopt various self-regulated learning strategies, such as behav-
ioral and motivational, among others, they become active participants in their learning and
they can manage their learning process better as well as improve their academic achieve-
ment (Panadero & Jarveld, 2015; Zimmerman, 2013). There are several SRL strategies
which students may employ to help them study, apply knowledge and skills and ultimately
learn. These strategies fall into at least four categories: (a) cognition (strategies to remem-
ber or elaborate information); (b) metacognition (planning, setting goals, monitoring, and
evaluating); (c) motivation (enhance self-efficacy, intrinsic task interest); and, (d) behavior
(help-seeking, time management, and creating a positive learning environment for learning
task) (Andrade & Evans, 2013; Manso et al. 2016). Due to the broadness of these catego-
ries and the novelty of our research, we focused our study on the behavior regulation area.
Yet, there is strong evidence that the relationship between students’ Cognitive, Meta-
cognitive and Critical thinking strategy use (CMC) and their self-regulation of behavior is
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also very important. On the one hand, self-regulation of behavior is not an innate personal
characteristic; rather, students will be able to improve their self-regulation abilities espe-
cially when they are trained with CMC strategies (Wang et al., 2009). Students tend to self-
regulate their behavior when they experience self-efficacy and a sense of achievement and
mastery through successful application of CMC strategies (Cleary & Chen, 2009; Greene
et al. 2010). On the other hand, in online learning environments, when students achieve
adequate self-regulation of behavior, they can use CMC strategies more often, spend more
time, and also produce better-structured assignments (Delen et al., 2014). CMC strategies
can be considered specific skills that can be exercised and reinforced when students are
able to self-regulate their behavior; doing so, they can apply them in real contexts more
effectively (Zimmerman, 2013). As a consequence, the need to explore the relationship
between students’ CMC strategy use and self-regulation behavior in the context of an
online environment for programming learning is a challenging task.

Finally, the limited number of studies that used feedback as a means to support stu-
dents’ self-regulation of behavior does not allow drawing any reliable conclusion on this
matter. As a consequence, more systematic research is needed to thoroughly explore the
effect of feedback on self-regulation of behavior in online learning environments. In the
context of online distributed programming, this need is even more evident since there is no
such an integrated support system developed so far. Our DSLab tool pretends to be such an
integrated support system endowed with feedback and other features, aiming at improving
students’ self-regulation of behavior when they deploy, execute and assess their distributed
programming assignments.

Research aims
Context

Regarding the area of regulation of behavior, we consider the items of effort planning or
management, time management, as well as help-seeking, which are the kinds of activities
that are part of behavioral control (Pintrich, 2004).

Effort management involves attempts to control effort in order to perform well in a task.
In the MSLQ instrument, effort management strategies were adapted from Zimmerman
and Martinez-Pons (1986) and include scales that reflect students’ attitude in working dili-
gently as well as students’ persistence when working on tedious tasks (e.g. how students
try to regulate their behavior in terms of their effort in the face of difficult, boring, or unin-
teresting tasks). These strategies are essential when students aim at achieving academic
performance on different types of learning tasks (Corno, 1986; Zimmerman & Martinez-
Pons, 1986, 1988).

Time management refers to “scheduling, planning, and managing one’s study time”
(Pintrich et al. 1991, p. 25). Time management is a vital factor influencing online learning
(Broadbent & Poon, 2015; Kizilcec et al. 2017). Time management is also related to work
load, since students can take the initiative and decide how they will allocate their effort and
the intensity of their work (Zimmerman & Martinez-Pons, 1986). The MSLQ has a scale
focused on time management, called time/study environment. In this work we examine the
items of time saving and workload reduction.

Finally, help-seeking is another behavioral regulatory strategy that can be very helpful
for learning. It is important that not only self-regulated learners know when, why, and from
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whom to seek help (Babin et al. 2009; Karabenick & Sharma, 1994) but also the environ-
ment should provide adequate and timely help whenever needed (Stahl & Bromme, 2009).

The current study presents findings based on the analysis of students’ perceptions as to
what extent our automated assessment environment (DSLab) facilitates a range of self-reg-
ulated learning strategies that students may employ during the realization of their program-
ming assignments with the tool. In particular, it examines the following research hypoth-
esis: “The DSLab environment helps students accomplish their assignment successfully by
supporting them to self-regulate their behavior (SRB)”.

To that end we defined the following variables: effort management (EM), time man-
agement (TM) and help-seeking (HS) strategies. At the same time, we explored the rela-
tionships between students’ Cognitive, Meta-cognitive and Critical thinking strategy use
(CMC) and their self-regulation of behavior. As such, we defined the following variables
as well as: rehearsal (REH), elaboration (ELA), organizational (ORG) cognitive strategies,
metacognitive (MET) and critical thinking (CT) strategies.

Research questions
We break down our research hypothesis into more specific research questions:

RQ1 To what extent has the DSLab tool managed to enhance students’ self-regulationof
behavior?

RQ2 In the context of DSLab, has CMC strategy use helped students engage in moreself-
regulatory behavior in terms of effort and time management as well as helpseeking?

Method
Materials

The realization of our case study involved undergraduate students in a Distributed Systems
online course who had to carry out a programming assignment that comprised four con-
secutive implementation phases. To that end, students could freely use the DSlab platform
to upload each phase of their assignment and execute it, as many times as they wish, in
order to assess the correctness of its code. As soon as students achieved a correct code,
they could pass to implement the next phase until they complete the assignment. Students
are able to use DSLab feedback from a previous execution to explore its logs, review their
code for possible errors and thus improve their program. Immediate feedback constitutes
an important feature of DSLab. Figure 1 (result of all submissions) and Fig. 2 (execution
logs) illustrate how feedback functions in DSLab and is presented to a student. More infor-
mation about DSLab features and functioning can be found in Marques et al. (2020).

In general, students can look up the logs in the web interface (as shown in the snapshot)
or download all execution logs in a zip file that contains a file for each instance. The file of
each instance contains the logs generated by that instance.
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c @ r m o @ =
DSLab

Result List

Result
1d  Experiment Date Group Success  Phase Result  Logs
2019-04-13 840236112 True 3
11:05:27.0

View  View

2019-04-10 840236112 True 2
10:52:33.0

2019-04-08 840236112 Faise 2
09:35:52.0

2019-03-16 840236112 True 1 Correct: Phase1 Summaries and Logs are equal
19:12:41.0

2019-03-02 840236112 Faise 1 Phase1 Sumn
18:43:31.0

es are NOT equal

E 2019-02-27 840236112 False 1 Phase1 S

xp es are NOT equal and Logs are
[840236112) 11:46:12.0 NOT equal

Fig.1 A completed assessment of an assignment in DSLab

Participants and procedure

Participants were a sample of 132 online university students who performed the same
assignment during seven weeks either individually or in pairs. Students’ perceptions were
collected and analyzed though an online questionnaire at the end of the learning experience
and then went through an in-depth quantitative analysis. The data collection was on a vol-
untary basis. We designed a customized questionnaire with the aim to specifically respond
to our RQs, which allowed us to collect quantitative data for our analysis (Table 1). The
questionnaire was based on and adapted from the Motivated Strategies for Learning Ques-
tionnaire (MSLQ) of Pintrich (2004), focusing primarily on the behavior regulation area
and secondarily on the cognition regulation area. MSLQ is a widely used instrument to
assess college students’ self-regulated learning (Chen, 2002) and its validity has been sup-
ported through extensive literature on college student learning and teaching (Gable, 1998;
Taylor, 2012). The adaptation of the original MSLQ questions was guided by the particu-
lar context of our study, its application to the programming field and the features of our
DSLab environment (e.g. the tool feedback).

Data collection

The questionnaire aimed to examine students’ perceptions of self-regulation of behavior
(RQ1) as well as the correlation between students’ cognitive, metacognitive and critical
thinking strategy use and their self-regulation of behavior (RQ2). As such, it included 21
items divided into two sections (one for each RQ), as shown in Table 1.

As regards RQ1, we associated a set of questions to the three variables (EM, TM and
HS) we defined for measuring students’ perceptions of self-regulation of behavior.

Effort management (EM) strategies reflect students’ attitude in working diligently (ques-
tion 13) or students’ persistence when working on difficult, uninteresting, or boring tasks
(questions 14, 15 and 17 respectively). Time management (TM) is related with workload
reduction (question 19) and time saving (question 20). Help-seeking (HS) strategies are
related to students’ motivation for making full use of and deriving the best benefit from the
tool feedback (questions 16 and 17) as well as to students’ perceptions of receiving timely
feedback whenever needed (question 21).
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S > |

&« c @ ¥y @@ =
08042019 INFO (84023611210.20.30.18:35000) > Server DIsconnecTion | THE_assignment that generated these Tog entries
10:05:51:087 ——————__|implements a replication protocol to guarantee

consistency between replicas of a distributed

08042019  INFO  Student 7 [840236112@10.20.30.12:35001) ADD recipe: xsvenuhj service: 8 instances run student's implementation;
JO0CINTI, 7 run instructor's implementation. This log entry
08042019 INFO  Student @—\l%‘ 12@10.20.30.15:35000] ADD recipe: kjanhmyc was g by ani ’s inst:
10:06:00:092 e

08042019 INFO Instructor O [840236112@10.20.30.21:35000] >> Sarver DISCONNECTION nstance number. Tn that case, instance number 0
10:06:02:568
08042019 INFO @ ; s0-00-2 oo TTTT Studen'ts instance 4

10:06:03:906

08-04-2019 INFO Student 6 [840236112@10.20.30.20:35001) >> Server DISCONNECTION

10:06:03:998

08042019 INFO Instructor 2 — Message to log: the server running at port 35000 of

’ nstructor 5 k o ;

t00A04aE1 the computer with IP address 10.20.30.15 has
generated the log message ADD recipe: jekfchnw

08042019  TRACE Instnctor 2 Inserting Into Log the operation: AGGOperation (1ecipo-[jokichnw, Contont—JoKichiw, 840236112

10.06:04:006 timestamp-840236112@10.20.30.20:35000: 0]

Mmm.m.mm 2 Updating tho TimestampVactor wit the timestamp: B40296112@10.20.30.20:35000: 0

10:06:04:926 -_— = —

~——lLog level: Log utilities are used to record events

?gz Q':as"“‘?" 8 - € DD tecipe: cbswalyv that occur while running a program. DSLab's
logging utility has six predefined levels of log to

08042019  TRACE Instructor 7 [TSAESessionOriginatorSide] [session: 1] TSAE session help users to organize the logging messages (in

10:06:06:708 decreasing order of severity): FATAL, ERROR,
WARN, INFO, DEBUG and TRACE.

08042019 TRACE Instnxior 5 [TSAESessionOriginatorsido) [sesslon: 1] TSAE session

10:06:06:715

08042019  TRACE Student 3 [TSAESessionOriginatorSide] [session: 1) TSAE session

10:06:06:752

08-04-2019  TRACE Instctor 7 [TSAESessionOriginatorSide] [session: 1] sent message: M [session: 1 y 36112@10.20.30.12:35001
10:06:06:753 ~1000 840236112@10.20.30.17:35000: -1000 840236112@10.20.30.17:35001: -1000 820236112@10.20.30.12:35000: 1000

840236112@10.20.30.21:35000: -1000 840236112@10.20.30.10:35000: 1000 840236112@10.20.30.21:35001: -1000
840236112@10.20.30.20:35001: -1000 840236112@10.20.30.11:35000: 1000 840236112@10.20.30.16:35000: -1000
840236112@10.20.30.18:35001: -1000 840236112@10.20.30.20:35000: -1000 840236112@10.20.30. 18:35000: -1000
840236112@10.20.30.19:35000: -1000 840236112@10.20.30.14:35000: -1000 840236112@10.20.30.15:35000: -1000
840236112@10.20.30.13:35000: -1000 |

08042019  TRACE Instructor
10:06:06:758

@

[TSAESessionPartnerSide] [session: 1) TSAE session

Fig.2 An extract of the execution logs of level INFO and TRACE generated during the execution of an
assignment

As regards RQ2, we associated a set of questions to the five variables (REH, ELA,
ORG, MET and CT) we defined for measuring students’ cognitive, metacognitive and criti-
cal thinking strategy use.

The use of specific metacognitive strategies (MET) has been captured by MSLQ ques-
tion items which were adapted to examine whether students used ways for achieving com-
prehension monitoring (e.g., self-questioning-question 5), regulation or modification of
learning (e.g. re-reading-question 7) and planning of learning (question 10-think of alter-
native solutions, i.e., programming code variations, and test whether the tool provides flex-
ibility by accepting them as correct). Similarly, the use of specific critical thinking strat-
egies (CT) has been captured by MSLQ question items which were adapted to examine
whether students used ways for applying prior knowledge to new situations (apply prior
knowledge, obtained when students used the tool to execute previous assignment phases,
to do a new phase-question 6), and analyzing and evaluating information in a thoughtful
manner (e.g. use prior experience to analyze information provided by tool feedback more
thoughtfully — question 9).

The questionnaire was finally answered by 111 students, that is, more than 84% of the
participants.

A five-point Likert-type scale was used on a continuum from 1 (Strongly disagree) to 5
(Strongly agree); therefore, quantitative data is obtained.
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Table 2 Kolmogorov—Smirnov test for a sample

EM1 EM2 EM3 EM4 TM1 TM2 HS1 HS2 HS3

N 111 111 111 111 111 111 111 111 111

Normal parameters® Mean 398 321 390 397 284 292 320 402 4.09

SD 894 1484 1.104 1.044 1.165 1.139 .959 1206 1.257
Test statistic 233 324 214 261 255 180 186 234 .174
Asymptotic Sig. (bilateral) .000° .000° .000° .000° .000° .000° .000° .000° .000°

Test distribution is Normal
®Lilliefors Significance Correction.

In all Tables, italics values indicate the most significant values obtained in the analysis

In addition to the quantitative data collection, we also saw the need to provide some
qualitative data so that to supplement the overall description of the results and to help clar-
ify key points being made, as we show in next Section The results with regard to the RQ1.
To collect the necessary qualitative data, we performed short interviews with focused ques-
tions on those questionnaire items that required clarifications. Interviews were conducted
with student volunteers. Ten participants were randomly selected out of 35 students who
voluntarily expressed their willingness to participate.

Data analysis

Data were analyzed using descriptive statistics techniques, based on the Kolmogo-
rov—Smirnov test for a sample and a frequency table. In addition, we calculated Pearson
correlations between certain variables of our study with the aim to provide a more compre-
hensive answer of our research questions.

The Cronbach’s alpha coefficient was applied to the student data to ensure the reliability
of data collection. In the analysis of questionnaire data, we obtained a Cronbach’s alpha
(0.78), which being higher than 0.70, strengthens the reliability of our items.

In addition, we examined the coefficients of multivariate skewness and kurtosis for
assessing multivariate normality. Critical values of all test statistics were calculated. The
results showed that data were normally distributed as absolute values of skewness and kur-
tosis did not exceed the allowed maximum (2.0 for univariate skewness and 7.0 for univari-
ate kurtosis). The statistical results are presented in detail in the following section.

Results
The results with regard to the RQ1

Here, we analyzed students’ perceptions of self-regulation of their behavior in relation to
three parameters: (1) EM: Students’ use of effort management strategies; (2) TM: Students’
use of time management strategies, and (3) HS: Students’ use of help-seeking strategies.

The corresponding descriptive statistic measures of the above items are presented in
Tables 2 and 3. The calculation of the significant values in Table 2 is based on the Kol-
mogorov—Smirnov test for a sample.
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Table 3 Frequency data concerning students’ perceptions of self-regulation of their behavior with regard to
the three parameters: AM, TM and HS

EM1 EM2 EM3 EM4 ™1 ™2 HS1 HS2 HS3

Fr % Fr % F % ¥ % Fr % Fr % Fr % Fr % Fr %

1 1 28 25 4 4 2 2 20 18 13 11 5 5 7 6 5 5
12 11 21 17 12 11 10 9 22 22 26 23 30 28 7 6 6 5
18 16 14 14 23 20 25 22 38 32 31 29 52 45 17 15 12 10
61 55 32 29 46 42 46 42 25 23 32 29 20 18 44 40 30 27
19 17 16 15 26 23 28 25 6 5 9 8 4 4 36 33 58 53

W AW =

Tables 2 and 3 indicate that all EM variables (except EM2) obtained significant values.
The same holds for HS variables (except HS1 that obtained rather neutral values). Instead,
TM variables obtained non significant values.

Effort management (EM) involves attempts to control effort in order to do well in the
course. As such, it includes students’ persistence (showing determination, perseverance,
dedication, commitment, or assiduousness) at difficult or boring tasks as well as work-
ing diligently (being hard-working, assiduous, rigorous, thorough, attentive, dedicated, or
committed). In our study, we tried to reflect whether students showed diligent work habits
(EM1), or they tried to regulate their effort in the face of difficult (EM2), uninteresting
(EM3), or boring (EM4) tasks.

Our analysis shows that, in the context of DSLab, students generally employ effort man-
agement strategies in order to carry out the assignment effectively. In particular, a large
number of students (72%) reported showing commitment to understanding what the tool
feedback was saying even if it didn’t make sense to them (EM1). In addition, 65% of stu-
dents reported perseverance and kept on working willingly until they finished the assign-
ment, though they did not find it so interesting (EM3). Moreover, 67% of students opined
that they worked hard to get a good grade even if they did not like the assignment (EM4).
Yet, when students realized that the assignment was difficult for them, their opinions were
divided regarding the effort they should dedicate for it; in fact, 44% of students thought
of giving up or doing only the easy parts against 42% of them who were determined to do
their best in completing this assignment. In general, students have been trying to regulate
their behavior in terms of their effort in a positive way.

Time management (TM) in the DSLab environment involves finding and allocating time
slots to cope with the different phases of the programming assignment as much effectively
as possible. The use of the tool creates expectations for time saving in many students. In
addition, students’ interest focuses on how the tool can help them alleviate their effort and
the intensity of their work (work load reduction). Our analysis showed that time manage-
ment was not sufficiently supported by DSLab tool. Just 28% of students perceived that the
use of the tool had reduced their workload (TM1). A few more (37%) agreed that the tool
saved them time (TM2). More than a third of the students expressed their disagreement
that using the tool could facilitate workload reduction or time saving. This might be con-
nected with the fact that some students had to perform multiple submissions of the same
assignment so that they achieve a correct solution or with their effort to read and analyze
the tool feedback. To gain a better insight into the factor that most negatively affected time
management, students’ qualitative answers were obtained. Their answers revealed their
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preference for more expressive and explanatory feedback, related to the detected errors and
providing a clearer guidance to error correction.

As regards help-seeking (HS), students could seek help either from their tutor or from
DSLab tool so that to tackle problems when executing their assignments in this environ-
ment. Here, help-seeking is closely related to the assistance that DSLab tool provides the
students. Students expect adequate and timely help whenever needed. Our analysis of indi-
cators HS2 and HS3 reveals students’ clear tendency for seeking help from DSLab tool. In
particular, a large number of students (73%) reported showing a clear preference for using
the help of DSLab tool in order to obtain a more robust solution, than doing the assign-
ments without it (HS2). Moreover, the great majority of students (80%) opined that the
tool facility to test different solutions was very helpful, whereas they appreciated the quick
feedback offered by DSLab as a valuable help, since it allowed them to check the correct-
ness of their assignments rapidly and reliably (HS3). Yet, they often found that, when the
tool was giving them feedback, they did not feel too motivated to take full advantage of
what the feedback really offered them (HS1). Just 33% of students felt very motivated to be
fully involved and get the most out of the feedback help. Most students reported being neu-
tral (45%) or negative (22%) with regard to this aspect. In general, students were selective
with the tool feedback, perhaps because it was too technical or they wanted to get straight
to the point.

In conclusion, the DSLab tool provided an environment which managed to enhance stu-
dents’ self-regulation of behavior to a large extent. In particular, it promoted effort manage-
ment considerably, since students broadly employed effort management strategies, show-
ing persistence and working diligently, thus being able to regulate their effort in case the
assignment seemed boring or uninteresting to them as well as for understanding the tool
feedback. When the assignment seemed difficult, students’ opinions were divided. In addi-
tion, the great majority of students found in DSLab an appropriate environment for respon-
sible and solid help-seeking to handle their assignments. Feedback could certainly be a
better and more effective means of reducing students’ workload and saving them time. The
latter constitute two crucial issues for online students. For this reason, our research is now
focusing on increasing DSLab feedback flexibility with an educational chatbot for answer-
ing students’ queries, which could add more expressiveness and more personalized guid-
ance to the students needs, thus improving time management.

The results with regard to the RQ2

We conclude the present study by exploring the relationships between students’ percep-
tions of cognitive, metacognitive and critical thinking strategy use (CMC) and their self-
regulation of behavior (SRB). To that end, we provide the Pearson correlations between the
variables that comprise CMC and the variables that constitute SRB, as shown in Table 4.
We analyze these results in the Discussion section.

Discussion
In the previous section, based on descriptive statistics analysis, we found that the fact of
working with DSLab tool fostered students’ self-regulation of behavior to a large extent

(RQ1), namely effort management and help-seeking strategies, except time management.
Moreover, our analysis gave us the opportunity to reveal some important shortcomings
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Table 4 Correlation between cognitive, metacognitive and critical thinking (CMC) and self-regulation of
behavior (SRB)

SRB EMI EM2  EM3 EM4 T™MI T™2 HSI HS2 HS3
CMC

REHI 286" —.064 308" 293" -.061 -071 124 124 -.079
REH2 279" —.119 313" 2317 126 158 —.006 152 133
ELAl 444" 063 210 .050 184 222 —.175 277" 305"
ELA2 296" —.117 307" .101 444 447 —.184 414™ .530™
ORGl1 232" —.164 171 .049 3217 322" — 2877 179 3017
ORG2 075 054 133 -.007 365" 419™ —.037 3127 387"
ORG3 273" 032 2127 186 402" 458™ —-237" 2247 337"
MET1 345" 093 317 257" 235" 2017 —.070 289" 283"
MET2 284 .04l 317" 299™ 023 123 .008 .103 124
MET3 2217 051 145 136 3027 2677 —.027 4417 461
CTI 345" —.099 258" 084 213" 229" —.234" 246" 239"
CT2 4657 —051 353" 155 3017 3027 —.230° 3317 364™

with the feedback tool functionality which, if improved, could further increase students’
self-regulation of behavior. On the basis of these results, in this section we seek to delve
more deeply at the research question RQ1 and seek an answer for RQ2, comparing our
results with relevant findings of the existing literature.

Enhancing students’ self-regulation of behavior (RQ1)

Here we want to provide a more comprehensive response as to what extent DSLab has
managed to enhance students’ self-regulation of behavior (RQ1) within the context of the
existing literature, taking into account that no previous studies have attempted to answer
this question in the area of programming in a systematic manner.

As concerns effort management (EM) strategies, the results of the study revealed that
DSLab provided an environment where most students worked diligently to understand the
tool feedback (EM1) and they really tried to regulate their effort in the face of uninteresting
(EM3) or boring (EM4) tasks. When students found that the assignment was difficult, their
opinions were divided regarding the effort they should dedicate for it. The importance of
effort management has been highlighted in various studies, since it proved to be a strong
predictor of academic achievement (Altun & Erden, 2013; Kim et al. 2015; Tanriseven,
2014; Wolters et al. 2005). This makes an important contribution to the field of program-
ming learning assisted by automated assessment tools.

Help-seeking has been one of the various SRL strategies students were encouraged to
use by the SimProgramming approach in a computer programming course (Pedrosa et al.,
2019). The online learning object system designed by Alharbi et al. (2014) to support the
self-regulated learning of programming languages concepts also considered help-seeking
as one of the six SRL strategies indirectly supported by the system. In studying the most
relevant factors in predicting computer science students’ online help-seeking behaviors,
Hao et al. (2016) found that problem difficulty is the most important predictor. Unlike
these studies, help-seeking has been directly and immediately supported by our DSLab tool
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feedback, since a large number of students have explicitly used it to correct or improve
their code, though one third of the students exploited the full potential of feedback.

Finally, time management is an aspect that DSLab definitely has to improve, since a few
students have perceived that the use of the tool had reduced their workload and saved them
time. Since learning programming is a complex task requiring thinking and creative skills
in problem solving, time management is crucial for students’ success. However, no systems
have been developed so far to provide support to time management strategies in computer
programming courses. In SimProgramming approach, Pedrosa et al. (2019) supported time
management by encouraging students to develop awareness of doing their work regularly
and adopting study routines. To that end, tutor feedback was used to accompany the tasks
that students performed, offering at the same time monitoring support for self-reflection
and self-regulation. In their study of the relationship between learning styles and self-reg-
ulation in programming, Cakiroglu et al. (2018) found that time management was identi-
fied as a leading self-regulation strategy among learning styles. As a consequence, more
research is necessary to better understand and facilitate students’ time management strate-
gies in online environments for programming learning.

The relationship between students’ perceptions of CMC strategy use and their
self-regulation of behavior (RQ2)

An important contribution of this study is to explore the correlation between students’” per-
ceptions of cognitive, metacognitive and critical thinking strategy use (CMC) and their
self-regulation of behavior (SRB); namely, whether CMC strategy use helped students
engage in more self-regulatory behavior in terms of effort and time management as well as
help-seeking (RQ2). As far as we know, no studies have systematically explored this rela-
tionship. In this respect, we go back to Table 4 (in the Results section) which presents the
Pearson correlations between CMC and SRB variables.

We see that there is a positive correlation between rehearsal strategies and effort man-
agement strategies only. In particular, the more students chose to perform multiple sub-
missions of their assignment (REH), the more effort they dedicated to understand the tool
feedback in order to guarantee the assignment correctness (EM1). Moreover, rehearsal
strategies helped increase students’ persistence (effort) at uninteresting (EM3) or boring
tasks (EM4), making them to continue working until they finished and get a good grade.
In addition, rehearsal strategies do not show any relationship with issues such as giving up
the assignment or just do the easy parts in case students considered the assignment difficult
(EM2). In other words, rehearsal strategies have a tendency to increase students’ regulation
of their effort in the face of difficult, boring, or uninteresting tasks. However, rehearsal
strategies did not show any significant relationship with time management and help-seek-
ing. Students perceived rehearsal strategies as time-consuming, whereas it seems that they
do not consider them as an important reason or means for seeking help from DSLab tool.

Elaboration strategy use in analyzing the tool feedback may serve to reinforce students’
regulation of their effort, time and help-seeking behavior in several situations during the
realization of their assignments. Indeed, elaboration strategies correlated positively with
effort management strategies in the sense that students’ strategies (ELA1, ELA2) used the
tool feedback in order to correct their mistakes or to find clues that could incorporate in
their code. This signified that students tried to regulate their effort in situations where they
were striving for understanding the tool feedback (EM1) or when the assignment was not
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so interesting to them (EM3), avoiding thinking of giving up or doing only the easy parts
(EM2). Moreover, elaboration strategies, such as transforming hints found in the tool feed-
back into important ideas in the code (ELA2) had very positive, significant correlations
with time management. In addition, elaboration strategies correlated positively and signifi-
cantly with help-seeking. Indeed, the students’ analysis of the tool feedback in order to cor-
rect their mistakes or to find clues that could incorporate in their code (ELA1, ELA2) sig-
nified that students opted to use DSLab so that they achieve a more robust solution (HS2)
and, most importantly, to get quick feedback when testing different solutions (HS3). Yet,
both elaboration strategies had a rather neutral relationship with students’ motivation to
take full advantage of the tool feedback (HS1).

Organizational strategies did not show a significant relationship with effort manage-
ment; instead, they proved to be crucial for time management whereas they had a tendency
to prompting students to seek help from the tool feedback. As regards time management,
all three organizational strategies (organizing different pieces of information—-ORG1, dis-
cerning useful information from the tool feedback—-ORG?2, or outlining the best feedback
to use it in the next phases more effectively-ORG3) had very positive, significant corre-
lations with time management. As regards help-seeking, when students tried to organize
different pieces of information, including information from the tool feedback (ORG1), this
had a tendency to increase help-seeking behavior from the tool quick feedback when test-
ing different solutions (HS3), while it increased students’ motivation to take full advantage
of the feedback information (HS1). When students were able to discern useful informa-
tion from the tool feedback (ORG?2), they felt more capable of using DSLab both to obtain
a more robust solution (HS2) and use the tool for testing different solutions based on its
quick feedback (HS3). The latter (HS3) was also supported when the students were able
to outline the best feedback in order to use it in the next phases more effectively (ORG3).
This organizational strategy also correlated positively, though moderately, with students’
motivation to take full advantage of the tool feedback (HS1) and students’ use of DSLab to
obtain a more robust solution (HS2).

Metacognitive strategies (MET) seem to improve all effort management strategies, may
contribute to time saving to some degree but not to workload reduction. They also showed
a positive involvement with help-seeking only in some aspects. More specifically, MET
strategies associated with monitoring learning (through monitoring feedback comprehen-
sion—-MET1) or regulating/changing learning (through rereading feedback—-MET?2) corre-
lated significantly with all effort management strategies. Using these strategies, students
showed persistence and worked diligently with tool feedback to achieve quality perfor-
mance both at product (EM1, EM3) and grade level (EM4). MET strategies also helped
students overcome tendencies of giving up or doing only the easy parts when encountering
difficulties with the current assignment (EM2). As regards time management, there was
only a significant but moderate correlation between monitoring feedback comprehension
(MET1) and time saving (TM2). Regulate or change learning through rereading feed-
back (MET?2) had no influence on time management. Moreover, the students’ perception
that the use of DSLab made them the notion of assignment correctness too strict (MET3)
has not helped neither reduce students’ workload (TM1) nor save them time (TM2). As
regards help-seeking, on the one hand, monitoring feedback comprehension (MET1) had
a significant positive correlation with making students use DSLab to obtain a more robust
solution (HS2) and to test different solutions based on the tool quick feedback (HS3). On
the other hand, regulate or change learning through rereading feedback (MET2) had no
influence on help seeking (HS2, HS3). Moreover, the students’ perception that the use of
DSLab made them the notion of assignment correctness too strict (MET3) has constrained
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several students from using DSLab to obtain a more robust solution (HS2) and to test dif-
ferent solutions based on the tool quick feedback (HS3). In addition, all MET strategies did
not have any significant correlation with HS1, which means that these strategies have not
encouraged students’ motivation to take full advantage of the tool feedback (HS1).

Finally, in the critical thinking (CT) strategies subscale, positive significant correlations
were found with effort management, time management to a greater or lesser extent, and
help-seeking to a considerable degree. As regards effort management, using CT strategies,
students worked diligently both to apply prior knowledge to new implementation phases of
their assignment (CT1) and to analyze and evaluate information of the tool feedback in a
thoughtful manner (CT2), aiming at achieving high quality assignments (EM1, EM3). CT
strategies also helped students stop thinking of giving up or doing only the easy parts, if
they realized that the assignment was difficult for them (EM2). As concerns time manage-
ment, the use of analysis and evaluation of information of the tool feedback in a thoughtful
manner (CT2) had a significant relationship with time management, helping students both
reduce workload (TM1) and save time (TM?2). Yet, the use of the other CT strategy (apply
prior knowledge to new situations—CT1) correlated positively though weakly with time
management. As regards help-seeking, both CT strategies, namely “apply prior knowledge
to new implementation phases” (CT1) and “analysis and evaluation of information of the
tool feedback in a thoughtful manner” (CT2) had significant, though moderate, relation-
ships with all three help-seeking strategies (enhancing students’ motivation to take full
advantage of the tool feedback—HS1, using DSLab to obtain a more robust solution-HS2,
or using DSLab to test different solutions based on the tool quick feedback—HS3).

The above results echo findings from other studies indicating that students who typi-
cally use more cognitive and metacognitive strategies (with the exception of rehearsal)
tend to seek help when it is needed (Karabenick & Knapp, 1991). Improving the relation-
ships between metacognitive strategy use and help-seeking could lead to adaptive help-
seeking which involves self-reflection and self-related affective motivational factors (New-
man, 2008) which, in turn, positively relates to academic achievement ((Zimmerman et al.
1992).

Conclusion and Limitations

This work analyzed the extent to which an online Distributed Systems Laboratory (DSLab)
managed to enhance students’ self-regulation of behavior. It also explored the correlation
between students’ cognitive, metacognitive and critical thinking strategy use and their self-
regulation of behavior. Our results showed that when students upload, execute and assess
their programming assignments in the distributed environment of DSLab, they perceive
that:

(1) DSLab enhances students’ self-regulation of behavior to a large extent. In particular,
it promoted effort management considerably and allowed students to use help-seeking
strategies in an effective and responsible way. However, students were not able to use
time management strategies efficiently so that to reduce their workload and save time
as they wished.

(2) Regarding the interplay between students’ cognitive, metacognitive, critical thinking
strategy use and self-regulation of behavior, in the context of our DSLab tool, cogni-
tive elaboration and organizational strategies showed a significant relationship with
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most aspects of students’ self-regulation of behavior (time management and help-
seeking). Most importantly, students using metacognitive and critical thinking strate-
gies in DSLab had in general positive correlation with all three aspects of students’
self-regulation of behavior (effort and time management as well as help-seeking) to a
greater or lesser degree.

An important conclusion of the above results is that if cognitive elaboration and
organizational strategies can be used effectively in the DSLab environment they can
contribute to reduce students’ workload and save them time. These are important con-
siderations we have to take into account and reinforce further in future versions of
DSLab. Our results also showed that the metacognitive strategy use needs to be further
reinforced in order to provide a more efficient time management. In addition, critical
thinking strategy use has shown to be crucial for achieving high quality assignments, so
special care has to be taken in promoting its involvement in future versions of DSLab.

Limitations of the current work reveal the need for future research. First, the cur-
rent research constitutes the first step in analyzing students’ self-regulation of behavior
(effort management, time management and help-seeking) in a real, long-term learning
situation in a systematic way. Certainly, more experimental studies are needed to con-
firm, better understand and extend these findings further. Second, an important issue
that we did not deal with in this work is context and its regulation. Regulating context
implies attempts to control and regulate the tasks and learning environment context in
order to enhance students’ task and goal accomplishment (Corno, 1986; Kuhl, 1984;
Pintrich, 2004). Our online environment follows a student-centered approach where stu-
dents are able to manage the climate and structure of their environment. In fact, they
are responsible of uploading and evaluating their programming assignments in DSLab,
so they actually take the control and regulation of their tasks, whereas they also have
to decide whether they will perform the tasks individually or they will form a group
and elaborate the tasks collaboratively in pairs. Considering the mode of working indi-
vidually or in group constitutes an additional variable, which is a limitation that can
be addressed in future studies. As Zimmerman (2008) argues, when students need to
achieve an efficient working environment, especially when they have to collaborate and
interact with their peers at a stable base, they use specific monitoring methods that sup-
port collaborative learning through self-regulation, co-regulation, or socially shared
regulation (Hadwin et al. 2011). Another important issue is regulation of motivation
and affect, which includes attempts to control self-efficacy, affect and emotions through
the use of various strategies (Panadero, 2017; Pintrich, 2004). Finally, we would like
to highlight some implications for research and technology design beyond our specific
tool. A very important issue for online environments aiming at improving students’ self-
regulation and engagement is the design and production of intelligent interaction with
the students through a variety of techniques, such as visualization of students’ work-
ing and learning process as well as facilitation of notifications, recommendations and
personalized feedback in a timely manner. To this end, a new tendency to the design of
online environments is to incorporate educational chatbots which can provide custom-
ized solutions to students’ queries whereas making it fun for students to learn (Quiroga
et al. 2020).
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