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Abstract

Several studies have explored the factors that influence self-efficacy as well as its
contribution to academic development in online learning environments in recent
years. However, little research has investigated the effect of a web-based learning
environment on enhancing students’ beliefs about self-efficacy for learning. This
is especially noticeable in the field of online distributed programming. We need to
design online learning environments for programming education that foster both
students’ self-efficacy for programming learning and the added value that students
perceive of the tool as a successful learning environment. To that end, we conducted
a quantitative analysis to collect and analyze data of students using an online Dis-
tributed Systems Laboratory (DSLab) in an authentic, long-term online educational
experience. The results indicate that (1) our distributed programming learning tool
provides an environment that increases students’ belief of programming self-effica-
cy; (2) the students’ experience with the tool strengthens their belief in the intrinsic
value of the tool; however (3) the relationship between students’ belief in the tool
intrinsic value and their self-efficacy is inconclusive. This study provides relevant
implications for online distributed (or general) programming course teachers who
seek to increase students’ engagement, learning and performance in this field.

Keywords Online distributed programming learning - Programming self-efficacy -
Intrinsic value

Introduction

One of the big concerns of distributed programming course teachers in distance learn-
ing is how to support and promote an engaging online learning experience and thus
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improve students’ learning and performance in distributed programming learning.
Indeed, a major issue with online courses is to enhance students’ engagement, which
is crucial to student success (Kehrwald, 2008; Olivier et al., 2020). At the same time,
it is necessary to create an online learning environment that is cohesive and interac-
tive (Gaytan & McEwen, 2007). This is even important in online environments that
support distributed programming learning where students are faced with more com-
plex programming assignments and algorithms (Pettit et al., 2015).

On the one hand, academic self-efficacy (SE) concerns student beliefs about one’s
ability to successfully attain educational goals (Elias & MacDonald, 2007). In their
systematic literature review, Honicke & Broadbent (2016) showed that a lot of lit-
erature exists that highlights the importance of SE for learning and academic perfor-
mance. Recent research in e-learning tools and SE reveals the need for developing
several artifacts in order to favor SE in online learning environments (Chen & Su,
2019; Fryer et al., 2020; Valencia-Vallejo et al., 2019). Yet, in his recent review,
Yokoyama (2019) analyzed several studies that have examined the relationship
between SE and academic performance in online learning. His review shows that
SE tends to correlate with academic performance, similar to a general learning envi-
ronment, though the specific characteristics of the online learning environment may
affect the relationship between SE and academic performance.

On the other hand, it is a common practice that instructors examine the added
value of e-learning tools in order to enhance students’ learning of course concepts
(Florenthal, 2016). Besides, features of successful online learning environments,
like interactivity, permit learners to actively engage with course content (Chou et
al., 2010). When students feel engaged with an online learning environment, they
also feel more motivated and challenged to spend more time on online assignments
(Northey et al., 2015; Thai et al., 2020). In online computer programming courses,
despite the increase of automated assessment tools in the last years, assessing pro-
gramming assignments still remains a complex endeavor (Gordillo, 2019).

In the field of learning sciences, a wealth of research has shown that students’ SE
and their perceived value of the online learning environment constitute critical fac-
tors driving students’ academic success (Bandura, 1993; Clayton et al., 2018; Jones
& Jones, 2005; Moore & Wang, 2021; Wei & Chou, 2020). Yet, as far as we know,
there is hardly any study that has investigated students’ beliefs regarding both pro-
gramming SE and the intrinsic value of online learning environments for program-
ming education. The online environment used in this work is an online Distributed
Systems Laboratory (DSLab) which is based on the work of Marqués et al., (2020).
The objective of this study is to examine whether the students’ active involvement
in deploying and executing their programming assignments in DSLab results in an
experience that enhances their beliefs both in the intrinsic value of the tool and pro-
gramming SE.

Indeed, students can freely use the DSlab platform to submit each phase of their
assignment and execute it, as many times as they wish, in order to assess the correct-
ness of its code. As soon as students achieve a correct code, they can pass to submit
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
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feature of DSLab. Figure 1 presents the result of all submissions of a group of stu-
dents for a certain period of time.

The rest of the paper is organized as follows: First we review the literature regard-
ing students’ belief of SE and perceived value of online learning environments; then
we proposs a model, defining the purpose of our study and research questions. In the
following section we describe the methodology used in this study. Subsequently, we
present the results, whereas in the next section we discuss and analyze these results
with respect to the research questions. Finally, we present the conclusions and future
work.

Literature review and research questions
Students’ self-efficacy (SE) in the context of online learning environments

In the first place, we have noticed a lack of previous research studies on students’
beliefs regarding SE in online distributed programming environments; that is, in
online learning environments which are specifically employed for programming edu-
cation. Because of this, we explore this issue in general online learning settings; that
is, online learning environments not designed for a specific course or subject, but for
supporting multiple courses over the full range of the academic program. A recent
literature review on academic SE and academic performance in online learning indi-
cates the existence of several factors that influence students’ SE in a positive or nega-
tive way (Yokoyama, 2019). Experience of mastery, observing someone succeed,
and social persuasion (such as direct encouragement) may have a positive effect on
students’ SE, whereas physiological factors such as perceptions of pain, fatigue and
fear may have a negative effect.

Moreover, in online settings, attitude and digital literacy have a significant positive
effect on SE (Prior et al., 2016; Lim et al., 2016) also found that SE is affected by
content quality and system quality. Peechapol et al., (2018) argue that online learn-
ing does not readily foster opportunities for observing peer actions, performance and
success. In their survey, they found that SE would be reduced if the learners fail to
communicate and meet the performance of others. Consequently, an online learning
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system should enable students’ indirect experience in observing peers behaviors and
actions when performing a task. This is also related to the effect of social influence
on SE. However, more systematic research is needed in order to thoroughly explore
the relationship between SE and students’ performance in online learning settings and
identify the influential factors in this relationship.

Several studies explored different types of SE regarding technology (Tsai et al.,
2011): Computer SE, which is defined as students’ perceived confidence regarding
their ability to use a computer (Chen, 2017; Wolverton et al., 2020); Internet SE,
which describes students’ perceptions about their own abilities to use the Internet
(Jokisch et al., 2020); and, Internet-based Learning SE, which represents students’
confidence and self-belief in their ability to master an online course or an online
learning activity (Lee et al., 2020). In their study, Johnson & Lockee (2018) stated
that in online learning environments there is a gap in research that seeks to enhance
an online learner’s SE with the goal of increasing academic achievement.

In online environments used for programming learning, Yukselturk and Bulut’s
(2007) study revealed that SE correlated positively with students’ performance,
revealing a mastery-approach goal and intrinsic motivation as influencing factors
as well. In a more recent study, Tek et al., (2018) combined measurements from
implicit theories and SE to examine student effort and performance in an introduc-
tory programming course. However, their model failed to explain more than 10%
of the variance in course grades. Moreover, in order to explore students’ SE beliefs
towards programming, computer programming SE scales were developed by several
researchers (Korkmaz & Altun, 2014; Tsai et al., 2019).

Finally, the increase of systems for automatic assessment of programming assign-
ments in the last years provides several advantages such as standard compiler/inter-
preter feedback and tracking of students’ actions. However, no systematic attempt
was made to examine students’ SE for learning in these environments (Bey et al.,
2018; Delgado-Pérez & Medina-Bulo, 2020; Restrepo-Calle et al., 2019).

Students’ perceived value of online learning environments

We introduce the term intrinsic value of an online learning environment as the added
value of students’ perceptions who consider it as a successful learning environment.
This influences how the students interact with the environment, actively engage with
course assignments, feel more motivated and challenged to spend more time in the
environment, and ultimately learn effectively.

Again, no systematic studies exist that explore the intrinsic value of online envi-
ronments used for distributed programming learning or for the automatic assessment
of distributed programming assignments. Consequently, we initially explore per-
ceived value in general online learning settings. Then, we focus in online program-
ming courses and we examine the usefulness of automated assessment tools (AAT)
that support these courses. We consider AATS in this review since these systems share
similar features with our DSLab system but differ in functioning (general vs. distrib-
uted programming).

Florenthal (2016) examined students’ perceived value of interactive assignments
in the online learning environment. She concluded that perceived value of interactive
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assignments is positively associated with attitude toward their completion as well
as with satisfaction when completing them. However, the assessment of SE was not
included in this study. Students’ perceptions of instructional quality may also have
an impact on acceptance and use of an online learning environment (Larmuseau et
al., 2019). Moreover, Rejon-Guardia et al., (2020) explored the role of subjective
norms and social image for students’ acceptance of a personal learning environment
based on Google apps. Social image proved to have a significant positive direct effect
on perceived usefulness. Jeno et al., (2017) found that their mobile application tool
contributes to higher perceived competence and intrinsic motivation compared to
a traditional learning environment, which in turns enhances students’ belief in the
intrinsic value of the tool. This was achieved since the tool provided interest, support
for autonomy (i.e. choice) and competence (i.e. feedback), while matching each stu-
dent’s skills and challenge. We take similar indicators into account in order to define
the intrinsic value of our DSLab tool.

We now turn to review students’ perceived value of existing online environments
used for programming learning or for the automatic assessment of programming
assignments. However, few studies have thus far explored this issue, and when they
did so, they have practically focused on the extrinsic value (perceived usefulness and
perceived ease of use) of the tool.

In an initial survey of automated assessment tools (AAT), Pettit et al., (2015) ana-
lyzed the real usefulness of AATSs in programming courses. The results of this survey
indicate that students’ perceptions about the usefulness of AATs are inconclusive.
Hence, in order to decrease negative student perceptions, the authors emphasize
the importance for more systematic experimental research that takes the students’
opinions into account for determining the necessary factors and features to improve
AATs’ design and use. Some assessment tools highlighted the use and importance of
feedback when they analyze and assess programming assignments (Rubio-Sanchez
et al., 2014; Stajduhar & Mausa, 2015; Vujosevié-Jani€i¢ et al., 2013). However, all
these systems do not provide a systematic way to explore the variety of attributes
and factors that can promote the development of a programming assessment tool
that matches the needs and interests of both teachers and students as regards its real
usefulness.

More recent research on automated assessment tools focused on providing
automated formative and formal summative assessment or customized contextual
instructor guidance. Other functionalities include tracking of students’ actions, while
examining students’ perceived usability and perceived effectiveness to some extent
(Bakar et al., 2018; Carbonaro, 2019; Cardoso et al., 2020; Robinson & Carroll,
2017). Yet, there is a need of an in-depth evaluation of the users’ perceptions of the
system’s utility in order to estimate the real extrinsic or intrinsic value of these tools.

Certainly, there are several relevant variables and salient factors that influence
students’ value of an e-learning tool. Given its importance for student learning, one
of the aims of this work is to explore the intrinsic value of the DSLab tool, a study
which is missing in current literature. Specific focus is given on whether the students’
experience with the DSLab tool enhances their belief in the intrinsic value of the tool.
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Proposed model

This work aims to cover two important aspects based on the student’s technical and
programming competencies as well as his/her fruitful engagement with DSLab tool:

A. self-evaluation of students’ programming self-efficacy (critical reflection of the
students’ innate ability to use the tool effectively in order to perform the practical
assignment successfully).

B. evaluation of the intrinsic value of the DSLab tool (critical evaluation of the
students’ experience with the tool; this is delineated by the students’ perceptions
of the practical importance, interest and challenging opportunities from using the
online learning environment that they experienced).

As regards (A), self-efficacy (SE) is the main aspect of Bandura’s social cognitive
theory and can be developed from external experiences (EE) and self-perception (SP)
(Bandura, 1988). As concerns the former (EE), the role of observational learning
and social experience is crucial since students can also learn by observing others’
behaviors (Bandura, 1993). Besides, student’s social behaviors are influenced by the
actions that the student has observed in others (Mischel & Shoda, 1995). As concerns
the latter (SP), student’s cognitive processes are affected by students’ self-perception
of their innate abilities, which endows them with high SE; this, in turn, enables them

SPD
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Determination

SE
Students’ External
Experiences based on Studepts
Observation Self-Efficacy

Students’ Self- b
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to exhibit coping behavior (goal striving) and thus make specific effort in order to
achieve successful outcomes (Stajkovic & Luthans, 1998). This combines determi-
nation as well as perseverance to overcome obstacles and achieve goals (Maddux,
2009; Oettingen & Gollwitzer, 2007; Zimmerman et al., 1992). In online learning
environments, students’ belief of SE can play a major role in how they manage goals,
tasks and challenges (Johnson & Lockee, 2018; Luszczynska & Schwarzer, 2005).

As regards (B), the intrinsic value scale of the tool was constructed by taking into
account the following indicators: the intrinsic interest in the tool (Davis et al., 1992);
the perceived importance of working in the DSLab environment (Eccles, 1983); and,
the preference for challenge and mastery goals (Harter, 1981). Mastery goals involve
the aim of improving one’s own performance and gain task mastery; i.e., maintain a
more mastery-oriented focus on learning (Wolters, 1998). These types of goals are
positioned in broader motivational theory (Ames, 1992).

As a consequence of the previous discussion and our analysis of literature review,
we proceed to propose a research model and research questions for this study. Fig-
ure 2 depicts the research model to be tested and analyzed. The links between the
concepts of the model represent the possible relationships and paths that lead to the
formulation of the three research questions we aimed to answer in this study (see
Sect. 2.4).

Consequently, the upper part of the model is composed of the independent vari-
ables: Students’ ExternalExperiences based onObservation (EEQ), Students’ Self-
Perception ofDetermination (SPD), and Students’ Self-Perception ofGoal striving
(SPG) as well as the dependent variable Students’ Self-Efficacy (SE). The lower part
of the model is composed of the independent variables: intrinsic interest in the tool
(INT), perceived importance of working in the DSLab environment (IMP), and pref-
erence for challenge andmasterygoals (CH-MG) as well as the dependent variable
ToollntrinsicValue (TIV). Moreover, TIV also acts as a moderating variable for SE.

Purpose of the study

This study aimed to examine how the variables of external observation, determina-
tion, and goal striving as well as interest, working environment importance, and mas-
tery-oriented focus on learning influence students to positively change their beliefs,
including their SE for programming learning and belief about the intrinsic value (and
acquired benefits) of the environment they use.

In view of the lack of such systematic studies in online distributed programming
environments, this work examines the proposed model based on the analysis of stu-
dents’ perceptions which are captured through a questionnaire and analyzed quanti-
tatively in an authentic online learning situation. The following research questions
(RQ) guided the study:

e RQI — Does the DSLab tool provide an environment that increases students’
belief of programming SE?

e RQ2 - Has the students’ experience with the DSLab tool strengthened their belief
in the intrinsic value of the tool?
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o RQ3 — Has the students’ belief in the intrinsic value of the DSLab tool had a posi-
tive influence on their SE for programming learning?

Methods
Participants and experimental procedure

The realization of our case study involved undergraduate students in a Distributed
Systems online course who had to carry out a programming assignment that com-
prised four consecutive implementation phases (phases: 1, 2, 3 and 4.1). The duration
of the online course was seven weeks and 132 adult students were involved. All par-
ticipants performed the same assignment which could be carried out either individu-
ally or in pairs (formed by students themselves). In any case, students could decide
which option they preferred since the same task and assessment criteria were applied.

To facilitate students’ external experience, based on observation of others’ activity
in the DSLab environment, we implemented a specific feature depicted in Fig. 3. In
DSLab Home page a student s can observe the aggregated activity and behavior of
his/her classmates in every implementation phase. This graphical representation is
generated every time the student enters DSLab; so, a new page is uploaded and shows
new data for students’ behavior in every implementation phase in real time.

Taking a closer look at Fig. 3, during phase 1 (marked with a red eclipse labeled
A), 132 students have participated. Phase 1 is an obligatory activity performed indi-
vidually. 99 from these students (75%) — green part of the horizontal bar — have
performed at least one execution (a submission to be evaluated by DSLab), which
has functioned correctly (succeeded). In this particular phase, no red section appears,
since all students (99) who have submitted their assignment to be executed in DSLab
have achieved at least one correct assessment by DSLab. The grey section of the bar

Fig. 3 Observation of oth- 1 Home X
ers’ activity feature offered by €5 Ch O sduied B s | 0% vmao =
&

DSLab tool © Getting started
DSLab
o s 08T st 1

p/” Groups inphase 4.1
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Table 1 Questionnaire of
eighteen (18) question items
related to students’ perceptions
of programming SE (RQ1) and
intrinsic value of the DSLab
tool (RQ2)

Students’ perceptions of programming SE (RQ1)

0PN

10.

11.

12.

13.

14.

15.

16.
17.
18.

Observing the activity of other students in the EEOI1
DSLab environment I expected to do well.

During the realization of the assignment, I was cer-  SPDI
tain I could understand the feedback (logs) provided
by the tool.

Based on my efforts and dedication, I expected to do SPG1
very well in the DSLab environment.

Observing the activity of others in the DSLab envi- EEO2
ronment, I thought I’m a good student.

I was sure I could do an excellent job on each phase SPD2
of the assignment. SPG2
I thought I could receive a good grade in this course. EEO3
Observing the state of executions of my classmates’ EEO4
assignments in the DSLab environment, I thought SPD3
my computing skills were excellent.

Observing my classmates’ evolution and progress

toward accomplishing the assignment phases in the

DSLab environment, I thought I knew a lot about

how to deal with the assignment.

I knew that I would be able to learn both the neces-

sary theoretical bases and programming skills for

this course.

Students’ perceptions of the intrinsic value of the

DSLab tool (RQ2)

I preferred carrying out the assignment through CH-MG1
the tool since it was challenging and I could

learn new things.

It was important for me to learn what was IMP1
being taught and asked to do in the DSLab
environment.

I liked what I have learned in the DSLab INT1
environment.

I think I will be able to use what I learned in the CH-MG2
DSLab environment in my professional career

I often choose courses which make use of inno- INT2
vative tools, which I will learn something from,

even if they require more work.

Even when I did poorly on an assignment phase CH-MG3
I tried to learn from my mistakes.

I think that what I learnt from the experience IMP2
with this tool was really useful for me (it was ~ INT3

not a waste of time). IMP3

I think that what we learnt from the experience

with this tool was really interesting (It capti-

vated my attention as well as it maintained my

motivation and engagement in the course).

I consider important to have the possibility of

validating the correct functioning of the code in

a distributed environment using the tool as well

as learning how to program distributed systems
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indicates that there are students who have not sent any assignment to be evaluated
yet. There were 132—-99=33 such students.

During phases 2, 3 and 4.1 (marked with a blue eclipse labeled B), students formed
groups of one or two members. 72 groups have participated; so, the activity result is
shown for groups in each of these phases. In phase 2, 67 groups (93%) — green part of
the horizontal bar — have performed at least one execution (a submission to be evalu-
ated by DSLab), which has functioned correctly (succeeded). Here, the red section
of the bar indicates the groups that have not achieved any correct execution so far,
whereas the grey part of the bar shows the groups that have not performed any execu-
tion in this phase so far. The same reasoning applies for the rest of phases.

Students answered a questionnaire at the end of the learning experience. We
designed a customized questionnaire with the aim to specifically respond to our
RQs, which allowed us to collect quantitative data for our analysis. The question-
naire was based on and adapted from the Motivated Strategies for Learning Question-
naire (MSLQ) that was used in the study of Pintrich & De Groot (1990) to measure
students’ motivational beliefs. The adaptation of the original MSLQ questions was
influenced by the particular context of our study, such as the observation feature of
DSLab, as shown in next section.

Data collection

The questionnaire was finally answered by 115 students, that is, more than 87% of the
participants and aimed to examine students’ perceptions of programming SE (RQ1)
and intrinsic value of the DSLab tool (RQ2). As such, it included 18 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 we defined
for measuring programming SE. More specifically:

e EEO: Students’ ExternalExperiences based on Observation of others’ behavior
is related to questions 1, 4, 7 and 8 (EEO1-EEO4).

o SPD: Students’ Self-Perception ofDetermination is related to questions 2, 5 and
9 (SPD1-SPD3).

o SPG: Students’ Self-Perception ofGoal striving is related to questions 3 and 6
(SPG1-SPG2)..

Since a particular observation feature of DSLab was used, question items 1, 4, 7 and 8
were adapted from MSLQ to meet the specific characteristics of this feature. Indeed,
question 1 was adapted to capture the fact that when seeing that other students have
advanced this could motivate some students to think that they could also perform as
good as their classmates. Question 4 implies that students, who have achieved correct
assessments in every phase, where others have not, could see themselves much closer
to a good academic performance. As for the ones who have not succeeded all phases,
the tool allows them to know which is the resulting level achieved with respect to
the other classmates. Question 7 implies that as long as a student advances each
phase successfully, he/she forms his/her computing level with respect to the other
classmates. Similarly, question 8 implies that if a student is progressing adequately
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during all phases of the assignment, his/her belief of the potential knowledge he/she
acquires is growing.

In any case, to ascertain that a student has acquired a good computing skills level,
one needs to have more information. There is most probably a correlation between
having a good computing level and achieving more implementation phases; however,
in an online university there are also other factors that impede a student with good
computing skills not to complete with all phases (such as lack of time, be happy with
a lower mark, etc.). Consequently, the adaptation and interpretation of all questions
(regarding both RQ1 and RQ?2) has to take this limitation into account.

As regards RQ2, we associated a set of questions to the three variables we defined
for measuring the intrinsic value of the DSLab tool. More specifically:

o INT: Students’intrinsic interest in the tool is related to questions 12, 14, 17
(INT1-INT3).

o IMP: Students’ perceivedimportance of working in the DSLab environment is
related to questions 11, 16 and 18 (IMP1-IMP3).

o CH-MG: Students’ preference forchallenge andmasterygoals is related to ques-
tions 10, 13 and 15 (CH-MGI - CH-MG3)..

A five-point Likert-type scale was used on a continuum from 1 (Strongly disagree) to
5 (Strongly agree); therefore, quantitative data is obtained.

Data analysis

Data were analyzed using descriptive statistics techniques, based on the Kolmogorov-
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
comprehensive 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 (0.81) which, being
higher than 0.70, strengthens the reliability of our items. Table 2 shows the reliability
statistics regarding RQ1, whereas Table 7 shows the equivalent Cronbach’s alpha
coefficient for RQ2.

In addition, we examined the coefficients of multivariate skewness and kurtosis
for assessing multivariate normality. Critical values of all test statistics were calcu-
lated. The results showed that data were normally distributed as absolute values of
skewness and kurtosis did not exceed the allowed maximum (2.0 for univariate skew-
ness and 7.0 for univariate kurtosis). These results are shown in Table 3 with regard
to the RQ1 and in Table 8 with regard to the RQ2. The statistical results are presented
in detail in the following section.

Table 2 Reliability statis- Cronbach’s alpha No. of elements
tics: The Cronbach’s alpha 311 9

coefficient
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Table 3 Kolmogorov-Smirnov test for a sample
EEO1 EEO2 EEO3 EEO4 SPD1 SPD2 SPD3 SPGl SPG2

N 115 115 115 115 115 115 115 115 115
Normal parameters * Mean 3.64 3.69 3.17 3.00 326 391 4.06 426 4.04

SD 873 738 963 905 1.105 .810 .744 677 .52
Test statistic 233 301 231 250 .194 337 352 307 326
Asymptotic Sig. (bilateral) ~ .000° .000° .000® .000° .000° .000° .000° .000° .000°
(a) Test distribution is Normal. (b) Lilliefors Significance Correction

Mean 3.64 369 317 3.00 326 391 4.06 426 4.04
Median 4.00 4.00 400 400 400 500 500 500 @5.00
Mode 5 4 4 4 5 5 5 5 5

SD 873 738 963 905 1.105 810 .744 677 .752
Variance 762 545 928 819  1.220 .656 553 459  .566
Skewness —-.409 326 155 -.006 —-.262 -.779 -1478 —.670 -.756
Kurtosis 87 —.138 .038  —.136 —.474 .685 5960 1.167 1.461
Min 1 2 1 1 1 1 1 2 1
Max 5 5 5 5 5 5 5 5 5

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

Results
The results with regard to the RQ1

We analyzed students’ perceptions of programming SE in relation to three parame-
ters: (1) EEO: Students’ ExternalExperiences based onObservation of others’ behav-
ior, which is related to questions 1, 4, 7 and 8 (EEO1-EEO4); (2) SPD: Students’
Self-Perception ofDetermination, which is related to questions 2, 5 and 9 (SPDI-
SPD3), and (3) SPG: Students 'Self-Perception ofGoal striving, which is related to
questions 3 and 6. (SPG1, SPEG2).

The corresponding descriptive statistic measures of the above items are presented
in Tables 3 and 4.

Tables 3 and 4 indicate that the most significant values were obtained for vari-
ables SPD (mainly SPD2 and SPD3) and SPG. Variable EEO obtained either neu-
tral (EEO1, EEO2) or non significant values (EEO3, EEO4). As concerns EEOI,
the possibility of observing the activity of other students in the DSLab environment
has not sufficiently supported students’ expectations of doing well their assignments.
Basically, 47% of them expressed agreement; nearly 40% were neutral. Even more
students (51%) were neutral that observing the activity of others in the DSLab envi-
ronment would give them the impression of being good students and thus be able to
succeed in their task (EEO2).

Yet, students were observing more specific characteristics of others’ activity in
the DSLab environment, such as the state of executions of their classmates’ assign-
ments (EEO3) or their classmates’ evolution and progress toward accomplishing the
assignment phases (EEO4). In this case, less than 20% of students expressed their
agreement that this type of experience could give them the sense that their computing
skills were excellent or they had the necessary knowledge that would enable them
to advance and complete the assignment successfully. These results show that the
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observation of others’ activity that the DSLab tool offered did not constitute a crucial
feature to enhance students’ belief of self-efficacy for programming learning.

As regards students’ self-perception of determination (SPD), at the initial phase of
the assignment, students’ perceptions about the understandability of the tool feedback
(SPD1) were divided. An equal number of students (37%) expressed either agreement
or disagreement, which does not constitute a very strong indicator for supporting
students’ feeling of determination. If students feel that the tool feedback is not com-
prehensible enough, this would most probably not assist students’ determination and
perseverance to overcome obstacles. However, most students’ belief of determination
of achieving successful outcomes (68% of students) seemed to increase as they were
advancing the phases of the assignment (SPD2), whereas even more students (78%)
ascertained that they would be able to learn both the necessary theoretical bases and
programming skills for this course (SPD3). Despite the tool feedback shortcomings
to provide better support, these results show that DSLab generally provided an envi-
ronment that fostered students’ belief in their particular conative strengths, such as
determination, a factor that plays a significant role in enhancing students’ belief of
SE for programming learning.

As regards students’ self-perception of goal striving (SPG), the majority of the stu-
dents (88%) agreed that DSLab offered an environment that promoted effort and ded-
ication, a key for achieving their goals (SPG1). Moreover, 75% of students believed
that they could achieve good academic performance by receiving a good grade in
the course (SPG2). These results show that DSLab provided an environment that
strengthened students’ belief in their innate abilities which help them exhibit coping
behavior and long effort which, in turn, increase their expectations of SE and goal
achievement.

In conclusion, two of the three indicators that affect students’ SE (students’ self-
perception of determination — SPD, and students’ self-perception of goal striving
—SPG) seem to be supported sufficiently by the DSLab environment, though improve-
ment of tool feedback could substantially strengthen students’ belief of determina-
tion. So, regarding these two aspects, DSLab tool seems to provide an environment
that increases students’ belief of programming SE. However, further considerable
reinforcement of students’ SE can be achieved by implementing in DSLab a more
innovative and useful functionality for the observation of others’ activity.

Furthermore, we provide the Pearson correlations between the variable EEO
(Students’ ExternalExperiences based onObservation of others’ behavior) and the
variables SPD (Students’ Self-Perception ofDetermination) and SPG (Students’Self-
Perception ofGoal striving), so that to identify whether external observation has any
significant influence on determination and goal striving (Table 5). We also provide
the Pearson correlations between variables SPD and SPG (Table 6). We analyze these
results in the Discussion section in order to obtain a more complete and knowledge-
grounded response as concerns the students’ perceptions of programming SE from
using the DSLab tool.
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The results with regard to the RQ2

Here, we analyzed students’ perceptions of the intrinsic value of DSLab tool in rela-
tion to three parameters: (1) INT: Students’ intrinsicinterest in the tool, which is
related to questions 12, 14 and 17 (INT1-INT3); (2) IMP: Students’ perceivedim-
portance of working in the DSLab environment, which is related to questions 11,
16 and 18 (IMP1-IMP3), and (3) CH-MG: Students’ preference forchallenge and-
masterygoals, which is related to questions 10, 13 and 15 (CH-MG1 — CH-MG3).
The corresponding descriptive statistic measures of the above items are presented in
Tables 8 and 9.

Tables 8 and 9 indicate that all the three variables obtained significant values, with
some exceptions that concerned items INT3 and IMP2. Variable CH-MG obtained
more or less acceptable values for items CH-MG1 and CH-MQG2 and significant val-
ues for CH-MG3. As concerns students’ intrinsic interest in the tool (INT), a large
number of students (70%) agreed that they liked what they have learned in the DSLab
environment (INT1). This was further confirmed by even more students (82%) who
affirmed that they have chosen the current course because they are very interested
in courses that make use of innovative tools, like DSLab, even if they require more
work (INT2). Yet, they stated that they expected more from the tool, since more than
a third (36%) have not felt that the tool captivated their attention or maintained their
motivation and engagement throughout the course (INT3). Moreover, another third
(33%) of students expressed neutrality in this matter.

These results show that DSLab provided an environment that generally gained
students’ intrinsic interest. However, next versions of the tool should certainly pro-
vide improvement of the tool feedback and other features that focus on enhancing
students’ motivation and engagement with the tool so that it constitutes an interesting
experience for all students.

Regarding students’ perceived importance of working in the DSLab environment
(IMP), again many students (72%) ascertained that it was important for them to work
and learn on what they have been asked to do in the DSLab environment (IMP1).
The majority (86%) of students considered very important the fact of having a real
environment that gave them the possibility to validate the correct functioning of their
code and thus learn how to program distributed systems in authentic settings (IMP3).
Yet, a considerable number of students (31%) thought that working with the tool was
often a waste of time, so not everything they were doing in that environment was
really useful for them (IMP2).

These results show that though students in general appreciated the importance of
working in the DSLab environment, a fair number of them demanded a more useful
and practical experience with the tool. Time is an issue for online adult students. For
instance, wasting time to untangle the tool feedback in order to correct coding errors
may not be acceptable for everybody. A better scaffolding and monitoring of students’
work is certainly needed.

As concerns students’ preference for challenge and mastery goals (CH-MG),
though nearly a third of them (32%) were neutral, half of the students (50%) really
preferred carrying out the assignment through the tool since they considered it chal-
lenging and focused on new goals (CH-MG1, with mean 3.64). Again half of the
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Table 5 Correlation between

! SPD1 SPD2  SPD3  SPGI SPG2

variables EEO and SPD-SPG. EEOL 0361 0316° 0373 0249 0259
EEO2 0.196"  0.416™ 0326™ 0562 0415
EEO3 0.182 0.282" 0418 0278 0251™
EEO4 0.308"  0.382"  0.432"™ 0365 0340
In all Tables. *Correlation is significant at the 0.05 level

(2-tailed);**Correlation is significant at the 0.01 level (2-tailed)

Table 6 Correlation between

! SPG1 SPG2
variables SPD and SPG. SPD1 0.085 0153
SPD2 0.230" 0.370™
SPD3 0.328" 0.483"
Table 7 Reliability statis- Cronbach’s alpha No. of elements
tics: The Cronbach’s alpha
coefficient. 0.858 2
Table 8 Kolmogorov-Smirnov test for a sample.
INT1 INT2 INT3 IMP1 IMP2 IMP3 CH-MGl! CH-MG2 CH-MG3
N 115 115 115 115 115 115 115 115 115
Normal Mean 4.05 4.26 320 4.00 326 430 3.64 3.66 4.36
param-  SpD  1.039 .925 1.152 907 1.222 .844 1.062 1.160 765
eters ?
Test statistic 233 254 277 180 305 204 279 221 204
Asymptotic Sig. .000° .000° .000° .000° .000° .000° .000° .000° .000°
(bilateral)
(a) Test distribution is Normal. (b) Lilliefors Significance Correction
Mean 4.05 4.26 320 4.00 326 430 3.64 3.66 4.36
Median 5.00 5.00 4.00 500 4.00 500 4.00 5.00 5.00
Mode 5 5 4 5 4 5 5 5 5
SD 1.039 925 1.152 907 1.222 .844 1.062 1.160 765
Variance 1.079 .856 1.326 .823 1494 712 1.129 1.346 .585
Skewness —.880 -1.311 -.073 -.830 -.318 - —.555 —.263 =787
1.286
Kurtosis 401 2.074 —.600 .692 —.593 2502 .171 —-.857 263
Min 1 1 1 1 1 1 1 1 2
Max 5 5 5 5 5 5 5 5 5

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

students (50%) thought that they could use the knowledge and skills obtained from

using the tool in their professional career (CH-MG2, with mean 3.66).

Yet, the most

important challenge for the majority of students (85%) was when they did poorly
in an assignment phase. In that case, they used the tool repeatedly with the aim of
improving their own performance (learning from their mistakes) and gain task mas-
tery; i.e., maintain a more mastery-oriented focus on learning (Wolters, 1998) (CH-
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MG3, with mean 4.36). These results show that students have generally shown their
preference for challenge and mastery goals by using the tool. Even though there is
still space for improvements in the current environment (as mentioned above), the
whole endeavor has been deemed promising.

In conclusion, after examined three aspects (interest, working environment impor-
tance, and mastery-oriented focus on learning) that affect the tool intrinsic value, we
can argue that the students’ experience with the DSLab tool seems to strengthen their
belief in the intrinsic value of the tool. Yet, our analysis identified some deficiencies
which, if treated adequately, will add greater value to the tool.

In this direction, we provide the Pearson correlations between the variable INT
(Students’ intrinsicinterest in the tool) and the variables IMP (Students’ perceivedim-
portance of working in the DSLab environment) and CH-MG (Students’ preference
forchallenge andmasterygoals), so that to identify whether interest has any signifi-
cant influence on working environment importance and mastery-oriented focus on
learning (Table 10). We also provide the Pearson correlations between variables /MP
and CH-MG (Table 11). We analyze these results in the Discussion section.

The results with regard to the RQ3

After presenting the results that concern students’ beliefs about both programming
SE (RQ1) and the intrinsic value of the DSLab tool (RQ2), in order to provide a more
complete study we proceed to examine whether students’ belief in the intrinsic value
of the DSLab tool has any positive influence on their SE for programming learning
(RQ3). To that end, we provide the Pearson correlations between the variable 77V
(Tool Intrinsic Value) and the variable SE (students’ Self-Efficacy) — Table 12. We
analyze these results in the Discussion section.

Discussion

In the previous section, based on descriptive statistics analysis, we found that DSLab
tool provides an environment that contributes to increase students’ belief of program-
ming SE (RQ1) by satisfying two of the three indicators that affect students’ SE. We
also showed that the students’ experience with the DSLab tool strengthened their
belief in the intrinsic value of the tool (RQ2) since all the indicators we examined
presented fairly acceptable values. Moreover, our analysis gave us the opportunity to
reveal important shortcomings with certain tool functionalities (namely, the observa-
tion and feedback features) which, if improved, could further increase both students’
programming SE and students’ perceptions of the intrinsic value of the tool. On the
basis of these results, in this section we seek to delve more deeply at the research
questions RQ1 and RQ2 as well as to analyze RQ3, comparing our results with rel-
evant findings of the existing literature.
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Analysis for RQ1

Our previous analysis indicated high students’ belief in their particular conative
strengths, such as determination and goal striving, when they were working in the
DSLab environment for executing and assessing their distributed programming
assignments. When a student is able to exhibit coping behavior and maintain long
effort in the face of obstacles, he/she will be able to sustain high SE and will achieve
successful outcomes (Hill & Aita, 2018; Luszczynska & Schwarzer, 2005; Stajkovic
& Luthans, 1998). In our study, students’ SE beliefs were significantly related to stu-
dents’ self-perception of determination and goal striving. This finding is consistent
with similar results reported in previous research. For instance, House (2000) found
that SE beliefs were significantly related to grade performance and persistence in sci-
ence, engineering, and mathematics. Brown & Lent (2006) associated SE with key
motivation constructs such as optimism and achievement goal orientation, among
others. Setting challenging goals had also a significant effect on SE in computer pro-
gramming courses (Law et al., 2010).

Our study also showed that students’ self-perception of determination has been
limited by students’ difficulty to understand the tool feedback. Providing elaborate
feedback proved to be significantly related to the development of students’ SE in
web-based learning (Wang & Wu, 2008). This indicates that the feedback component
of DSLab tool definitely needs improvement, which can contribute to further enhance
student’s programming SE.

Most importantly, our study revealed that an important feature of DSLab tool,
observation of others’ activity, was not supporting students’ SE as expected. Students
build their efficacy beliefs through the vicarious experience of observing others and
they often gauge their capabilities in relation to the performance of others (Usher &
Pajares, 2008). In their survey of SE, Usher and Pajares state that when students are
uncertain about their own abilities or have limited experience with the academic task
at hand, social models play a powerful role in the development of SE. This is further
supported by the notion of coping models (Schunk & Pajares, 2002) which represent
those learners who struggle through problems until they reach a successful outcome.
Then these models are most likely to be followed by observers. This may give ideas
of how the observation feature of DSLab could be further developed and improved.

But why observation can be considered as an important factor for enhancing stu-
dents’ SE for learning in our study? This can be explained by analyzing the Pearson
correlations between the variable EEO (Students’ External Experiences based on
Observation of others’ behavior) and the variables SPD (Students’ Self-Perception
of Determination) and SPG (Students’ Self-Perception of Goal striving) presented in
Table 5 (Results section).

The results of these correlations indicate that a strong positive relationship exists
between all observation variables and all variables of determination and goal striv-
ing. The only weaker relationships occur between EEO2/EEO3 and SPD1 items. In
fact, this concerns the feedback deficiency of the tool we also presented above. The
incapacity of some students to understand the feedback (logs) provided by the tool
(SPD1) is not necessarily related with the fact (it does not mean) that these students
are not good students (EEO2) or they do not possess good computing skills to carry
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Table 10 Correlation between variables INT and IMP — CH-MG.

IMP1 IMP2 IMP3 CH-MG1 CH-MG2 CH-MG3
INT1 0.737" 0.393" 0.344™ 0.409"™ 0.603™" 0.227"
INT2 0.329™ 0.380™ 0.415™ 0.413™ 0.285™ 0.384"™
INT3 0.408"™ 0.814™ 0.423" 0.614™ 0.315™ 0.341"
Table 11 Correlation between CH-MG1 CH-MG2 CH-MG3
variables IMP and CH-MG. IMP1 0519 0614 0.280"
IMP2 0.488" 0.344™ 0.311"
IMP3 0.298™ 0.358™ 0.282""

Table 12 Correlation between Tool Intrinsic Value (TIV) y Self-Efficacy (SE).
EEOL1 EEO2 EEO3 EEO4 SPD1 SPD2 SPD3 SPG1 SPG2

INT1 0.383"  0.187° 0.045  0.132 0334 0243 03077 0.172  0.2007
INT2 0.306™ 0314™ 02717 0273 0216" 0223" 04557 0.300" 0.352"
INT3 0294 0224" 0.139  0.084 0424 0.192° 0.201° 0.070  0.135

IMP1 0.324™ 0.123  -0.002 0.047 02817 0.145 0275 0.195° 0.2417
IMP2 0356 0329 0.196" 0.075  0.430™ 0241 0.172  0.054  0.226
IMP3 0.098  0.005 0.167 0.069  0212° 0.137 0.187° 0.151  0.120
CH-MG1 0.324™ 0225° 0009 0013 0408 0.185" 0.216° 0230 0.167
CH-MG2 0209 0.152 0.130  0.172 0273 0.197° 0212 0.173  0.097
CH-MG3 0.117  0210° 0.085  0.134 0201 0.148 0286 0.300™ 0.396"

out the assignment successfully (EEO3). In other words, it is the tool feedback that
needs improvement as we also evidenced previously. Consequently, in our online
Distributed Systems Laboratory (DSLab) environment, observation is an important
factor for supporting students’ belief in their particular conative strengths, such as
determination and goal striving, and thus students’ programming SE. Consequently,
it should de developed accordingly.

Finally, the Pearson correlations between variables SPD and SPG (Table 6) reveal
that students’ self-perception of determination is strongly correlated with students’
self-perception of goal striving, except for the SPD1 item. Again, this discordance is
due to the feedback deficiency of the tool. Consequently, determination can be also
considered an important factor for enhancing students’ programming SE.

These findings are broadly consistent with previous research which has shown that
students’ observation becomes more engaged when they observe those classmates
who exhibit coping behavior and long effort until they achieve their goals (Schunk
& Hanson, 1985; Stevens et al., 2006; Yukselturk & Bulut, 2007). In these studies,
vicarious experience (observation) proved to be a considerable factor for predict-
ing SE. This is also reported by Hodges (2008) in his survey of SE in the context of
online learning environments, where he states that it could be challenging to include
vicarious experiences in online courses. Yet, our findings are unique in the field of
distributed programming supported by an automated programming evaluation tool,
where students’ SE has not been explored yet.
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Analysis for RQ2

Our descriptive statistics analysis showed that students generally had a positive expe-
rience working in the DSLab environment. Being an innovative tool for the field, it
captivated their interest (though not their full attention, motivation or engagement
throughout the course). They recognized the tool importance for learning and vali-
dating distributed programming assignments they were asked for (though a number
of students spent too much time coping with the tool feedback). Moreover, half of
the students clearly considered the tool challenging, focused on new goals and skills,
and linked to their professional career. Most importantly, the majority of students
showed their preference to use the tool for challenge and mastery goals, by learning
from their mistakes, and gain task mastery; i.e., maintain a more mastery-oriented
focus on learning. These results lead us to consider that the students’ experience with
the DSLab tool has, in principle, strengthened their belief in the intrinsic value of the
tool.

The study of these three parameters (interest, working environment importance,
and mastery-oriented focus on learning) echoes findings from other studies related
with analyzing students’ belief in the intrinsic or extrinsic value of an online learning
environment. More specifically, interest and mastery-oriented focus on learning are
implicit factors in the mobile-application tool of Jeno et al., (2017). These research-
ers explored biology students’ belief in the intrinsic value of the tool by examining
whether the tool was matching each student’s intrinsic motivation, skills and chal-
lenge. A mastery-oriented focus on learning is also implicit in Florenthal’s (2016)
study, where the perceived value of interactive assignments is positively associated
with attitude toward their completion as well as with satisfaction when completing
them. Students’ implicit interest in using mobile learning (Park et al., 2012) or a
tablet-based environment (Kim & Jang, 2015) was also studied by examining the
relationship of students’ behavioral intention or satisfaction and desire to use the
environment with the perceived usefulness and perceived ease of use of the environ-
ment (extrinsic value of the tool).

However, our study makes an important contribution to the literature by making
a first attempt to analyze the intrinsic value of an automated assessment tool for
distributed programming, taking into consideration three parameters (interest, work-
ing environment importance, and mastery-oriented focus on learning) explicitly. A
further analysis of the Pearson correlations between these three variables (Tables 10
and 11 in the Results section) demonstrates the strong positive relationship between
all variables. This reinforces our initial result that the students’ experience with the
DSLab tool strengthened their belief in the intrinsic value of the tool. Besides, based
on these premises, these findings suggest that future studies should examine whether
these parameters are truly meaningful in relation to other relevant factors that affect
the intrinsic value of e-learning tools so that to provide a deeper investigation to this
matter.
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Analysis for RQ3

Since the students’ belief in the intrinsic value of the DSLab tool was positive, it
would be interesting to analyze whether this belief had also a positive influence on
students’ SE for programming learning. To that end, we analyzed the Pearson cor-
relations between variable 77V (Tool Intrinsic Value) and variable SE (students’ Self-
Efficacy) — Table 12 in the Results section.

As concerns students’ intrinsic interest in the tool (INT), this parameter seems
to be an influential factor to students’ SE, but not that strong. Both INT1 and INT2
items have a positive relationship with the most SE items to a greater or lesser extent,
especially INT2 (students’ interest for innovative tools). Yet, the fact that the tool has
not ultimately managed to captivate students’ attention or maintain their motivation
and engagement throughout the course (INT3), as much as they expected, was rather
a negative factor influencing their SE.

As regards students’ perceived importance of working in the DSLab environment
(IMP), this parameter also seems to be an influential factor to students’ SE, but not
that strong. Both IMP1 and IMP2 items have a positive relationship with the most
SE items to a greater or lesser extent, especially IMP2 (students appreciated a really
useful experience with the tool). Yet, the possibility to validate the correct function-
ing of students’ code and thus learn how to program distributed systems (IMP3) was
reduced by the rather poor functioning of the tool observation and feedback features,
which influenced their belief of SE negatively.

As concerns students’ preference for challenge and mastery goals (CH-MG), only
CH-MGS3 item seems to be important. By having the possibility to learn from their
mistakes (CH-MG?3), students increased their self-perception of goal striving (SPG)
considerably, improved their self-perception of determination (SPD) in some aspects
(mainly their possibility to learn both the necessary theoretical bases and program-
ming skills); however, this did not have any substantial positive influence on students’
external experiences based on observation of others’ behavior. From the other items
(CH-MG1, CH-MG@G?2), it is interesting to note that students considered challenging
and useful for their professional career the fact of using the tool feedback (SPD1),
despite its comprehension problems. Also, students found challenging to observe the
activity of their classmates in the DSLab environment so that to compare whether
they were doing well or not (EEO1).

All in all, students’ belief in the intrinsic value of the DSLab tool could be in
principle a potential factor for increasing students’ SE for programming learning. In
our study, the obtained results, though they seem positive in some aspects, in some
others they are not; so they cannot be considered conclusive yet. Certainly, more
research is needed to examine whether these relationships are truly meaningful and
positive since they are dependent on the functioning of important features of the tool,
such as the observation, feedback and probably others. This need is also confirmed
by looking at the literature. More specifically, regarding the relationship between the
extrinsic value (perceived usefulness and perceived ease of use) or intrinsic value
(perceived enjoyment, satisfaction, interest, importance or challenge) of e-learning
tools and SE, several studies examined the effect of SE on the tool extrinsic or intrin-
sic value.

@ Springer



Enhancing students’ beliefs regarding programming self-efficacy and... 599

Among them, the study of Lee & Mendlinger (2011) showed that university stu-
dents’ perceived SE had a positive and significant effect on the extrinsic value of
online classes (both perceived ease of use and perceived usefulness), but not the same
positive effect on students’ perceived satisfaction (intrinsic value). Park et al., (2012)
found that SE had the largest effect on perceived ease of use but not so on perceived
usefulness in a m-learning environment. They also noted that SE supported students’
attitude toward m-learning (intrinsic value).

In contrast, few studies examined the effect of the tool extrinsic or intrinsic value
on SE in generic or specific online learning environments (as we did in this study).
More specifically, Lee & Lee (2008) showed that e-learners’ SE is more sensitive to
the effect of perceived usefulness of the online learning environment they use. Kim
& Jang (2015) showed that students’ perceived usefulness and perceived ease of use
had an indirect positive effect on SE in a tablet-based environment. They also found
that desire to learn when using tablets in the classroom (intrinsic value) had a positive
influence on SE. However, satisfaction with using tablets (intrinsic value), as a single
variable, was not found to support SE. In fact, the perceptions (ease of use, usefulness
and satisfaction) of tablet use significantly predicted positive belief about SE only for
those students who strongly wished to learn with tablets.

SPD

Students’ Self-
Perception of
Determination

SE
Students’ External
Experiences based on Studepts
Observation Self-Efficacy

Students’ Self- A

Perception of
Goal striving

IMP.

perceived importance
of working in the
RDSLab environment

INT

Tool Intrinsic Value

intrinsicinterest
in the tool

preference for
challenge and
mastery goals

—— significantinfluence
............ » notsignificantinfluence

— — — > moderateinfluence

Fig. 4 Results of the research model analysis
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Our research model revisited

Based on the presentation and discussion of the results, we summarize our findings,
revisiting our research model and validating the existing relationships among the dif-
ferent variables we considered in our study. The results of our analysis of the research
model are presented in Fig. 4.

The results in Fig. 4 show that:

1. The observation of others’ activity (EEO) feature that the DSLab tool offered did
not constitute a crucial factor to enhance students’ belief of self-efficacy (SE) for
programming learning.

2. DSLab generally provided an environment that fostered students’ belief in their
particular conative strengths, such as determination (SPD), a factor that plays a
significant role in enhancing students’ belief of SE for programming learning.

3. DSLab provided an environment that strengthened students’ belief in their innate
abilities which helped them exhibit coping behavior and long effort (SPG) which,
in turn, increased their expectations of SE and goal achievement.

4. DSLab provided an environment that generally gained students’ intrinsic interest
(INT), a factor that strengthened students’ belief in the intrinsic value of the tool
(TIV).

5. Students in general appreciated the importance of working in the DSLab envi-
ronment (/MP), which in turn had a positive influence on students’ belief in the
intrinsic value of the tool (T1V).

6. Students have generally shown their preference for challenge and mastery goals
by using DSLab (CH-MG), which had a significant direct effect on their positive
belief in the intrinsic value of the tool (71V).

7. There is a strong positive relationship between students’ external experiences
based on observation of others’ behavior (EEO) and students’ self-perception of
determination (SPD) and goal striving (SPG).

8. Students’ self-perception of determination (SPD) is positively correlated with
students’ self-perception of goal striving (SPG).

9. Students’ intrinsic interest in DSLab (/NT) had a positive influence on students’
perceived importance of working in the DSLab environment (/MP) as well as on
students’ preference for challenge and mastery goals (CH-MG).

10. There is a strong positive relationship between students’ perceived importance of
working in the DSLab environment (/MP) and their preference for challenge and
mastery goals (CH-MG).

11. Students’ belief in the intrinsic value of the DSLab tool (77V) had a moderate
influence on their self-efficacy for programming learning (SE).

Conclusion and Limitations
This work analyzed the effect of an online Distributed Systems Laboratory (DSLab)

on students’ beliefs regarding programming self-efficacy (SE) and the intrinsic value
of the tool. After testing DSLab in an authentic learning experience, the above eleven
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(11) conclusions we reached (in Sect. 5.4) provide relevant implications both for
online distributed (or general) programming course teachers and for designers of
automated assessment tools (AAT) that support these courses. The ultimate goal is
how to increase students’ engagement, learning and performance in the field of pro-
gramming. As a consequence, teachers are enabled to use DSLab as an AAT allowing
their students to deploy and execute their programming assignments in DSLab, as
many times as they wish. During this process teachers can invigilate and monitor
the correctness of students’ code. Though students are able to use DSLab feedback,
explore its logs and review their code for possible errors, teachers themselves can
intervene and complement DSLab assistance through a more formative feedback,
which leads to a better improvement of students’ program. This results in an experi-
ence that enhances students’ beliefs both in the intrinsic value of the tool and pro-
gramming SE. In addition, AAT designers can take into account DSLab features in
order to improve their own AATs. Immediate feedback constitutes an important fea-
ture of DSLab. The observation of others’ activity has been another DSLab feature,
which we detected that it should be further improved in order to influence students’
SE more effectively. Possible improvements of this feature are discussed later in the
limitations in this section. In general, the insights gained from this experience can
provide valuable directions for improving both DSLab design and any other AAT
design with the aim of enhancing tool intrinsic value. Such possible directions are
the incorporation of specific notifications and recommendations for the students and
even the tool integration with an educational chatbot for a more efficient and purpose-
ful communication with students (Quiroga et al., 2020). Finally, regarding students,
as evidenced recently (Johnson & Lockee, 2018), “although online learning research
has helped to identify connections between online learners’ SE perceptions and suc-
cess in online coursework, there are few studies designed to purposefully affect stu-
dents’ SE perceptions while in their online learning environment”. Our study makes
an important contribution to the literature by providing an environment that affects
not only the way students elaborate and evaluate their assignments but also their per-
ceptions of SE and intrinsic value of the tool.

Limitations of the current work reveal the need for future research. First, research
regarding the use and effectiveness of online assessment tools for distributed pro-
gramming is very new and so far there has been no other attempt to assess students’
motivational beliefs when using such tools. As such, our research model was based
on the initial MSLQ (Pintrich & De Groot, 1990) in order to avoid complexity at this
stage of research and provide the necessary insights for improving our tool design. In
this study, we used MSLQ to measure one portion of its potential. In fact, our analysis
was concerned with the students’ motivational beliefs as an important component for
their academic performance. According to the learning model of Pintrich & De Groot
(1990), students’ motivational beliefs are linked to students’ self-regulated learning.
Then, a challenging issue could be to explore the self-regulated learning strategies that
students employ during the realization of the practical assignment with the DSLab
tool to improve learning and performance. Second, research with DSLab could pro-
ceed further to include the more advanced conceptual framework for assessing moti-
vation and self-regulating learning (Pintrich, 2004) which goes beyond the simple
social cognitive and information processing perspective of MSLQ. This will allow
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for the possibility of exploring the regulation of different cognitive, motivational/
affective, behavioral, or contextual features. Third, at a technical level, this study
revealed the need for improving the observation of others’ activity feature offered by
DSLab, a parameter that influences students’ SE. Possible improvements could be
adding new graphical facilities for tracking class behavior with regard to the current
activity (implementation phase) of the assignment, including “warning” signals when
students have sent the activity for assessment a maximum number of times N but
have not achieved a correct assessment. Moreover, specific graphical information can
be given for each group anonymously and for each activity phase, indicating the state
of the group with respect to the number of executions tried and successful or unsuc-
cessful tries performed. Finally, at a technical level, a related issue to the intrinsic
value of the DSLab tool is the usability of the tool. Examination of the tool usability
could lead not only to propose improvements at design level but also to identify how
new DSLab features may affect and support students’ self-regulated learning, opti-
mum task realization and goal achievement.
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