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ABSTRACT  

Distributed Systems Programming (DSP) is an important subject in the Computer Engineering undergraduate degree. The use of a version of 
the SIMCAM simulator adapted to the educational context enabled our DSP students to exercise important facets of DSP that are otherwise 
difficult or impossible to incorporate in student activities. Analysing and quantifying the assumed benefits of this educational intervention on 
student learning enables us to better adapt such interventions to student needs. To investigate the impact on student learning of this novel 
use of a simulator we analyse both the course-assessment results and the constructors of the Technology Acceptance Model (TAM), the 
latter via an initial survey of student perceptions carried out at the beginning of the course and another carried out after completing the simu-
lator-based assignment. We observe, in particular, an improvement in the overall grades between the target year and those of the year previ-
ous to the simulator introduction. Moreover, other statistical findings are also of interest. 
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SIMCAN: A Simulator to Improve Learning of 
Distributed and HPC Systems in Engineering 

Degrees 
 

Abstract— Distributed Systems Programming (DSP) is an important subject in the Computer Engineering undergraduate 
degree. The use of a version of the SIMCAM simulator adapted to the educational context enabled our DSP students to 
exercise important facets of DSP that are otherwise difficult or impossible to incorporate in student activities. Analysing and 
quantifying the assumed benefits of this educational intervention on student learning enables us to better adapt such 
interventions to student needs. To investigate the impact on student learning of this novel use of a simulator we analyse both 
the course-assessment results and the constructors of the Technology Acceptance Model (TAM), the latter via an initial survey 
of student perceptions carried out at the beginning of the course and another carried out after completing the simulator-based 
assignment. We observe, in particular, an improvement in the overall grades between the target year and those of the year 
previous to the simulator introduction. Moreover, other statistical findings are also of interest. 

Index Terms— Educational software, European Higher Education Area (EHEA), simulation, student satisfaction, survey.  

1 INTRODUCTION
istributed and High Performance Computing (HPC) Systems play a fundamental role in the Information and 
Communication Technology –ICT– sector, in particular in the largest ICT companies such as Google, Amazon, 

Facebook, Whatsapp and LinkedIn. However, companies and organisations large and small, from all sectors of the 
economy, now also make extensive use of many types of distributed systems, particularly distributed data centres. 
Furthermore, distributed systems have now come to form part of the daily life of much of the world's population via 
social networks, online multiplayer games or cloud storage. The explosive growth in the use of distributed systems in 
society seen in the last decade is also leading, albeit slowly, to a growth in the prominence of this topic in undergradu-
ate computer science, computer engineering and information science degrees. This increasing importance was reflected 
in the creation of a new “knowledge area” called “Parallel and Distributed Systems” in the penultimate edition of the 
ACM Computer Science Curricula Recommendations [1]. These joint ACM/IEEE recommendations are widely used in 
curricula preparation by universities throughout the world. The authors of [1] refer to “the vastly increased importance 
of parallel and distributed computing” stating that “parallel and distributed computing has moved from a largely elec-
tive topic to become more of a core component of undergraduate computing curricula”. The above-mentioned 
knowledge area no longer appears in the latest edition of the recommendations, due to the number of knowledge areas 
used being reduced from 18 to 12, but it is explicitly present in several of the remaining 12.  

The central role of student centred learning (SCL) in the Bologna process and the European Higher Education Area 
(EHEA) was highlighted in the ministerial declaration of Leuven in 2009 and reiterated in the subsequent declarations 
of Bucharest in 2012 and Yerevan in 2015. One of the most salient aspects of SCL, in the opinion of the higher-education 
student and staff unions surveyed by Geven and Santa [2], is “activity-based learning”. It is also stated in this docu-
ment that SCL “requires a paradigm shift […] to a more interactive and practical approach to teaching and learning.” 
In computer science and computer engineering, computing labs play an important part in implementing a practical 
approach and in the use of activity-based learning. However, undergraduate-level teaching of distributed-systems can 
run into certain difficulties with regard to helping the students put their knowledge into practice in university compu-
ting labs. 

Firstly, the activities that the lecturer wishes to carry out in the lab may come into conflict with the institution's 
computer-infrastructure security policy. It is common, for example, for severe restrictions to be placed on students' use 
of network communications, such as user login on multiple nodes, peer-to-peer applications or mobile code. This may 
result in students being obliged to execute the different components of the distributed – or parallel - applications they 
develop on a single physical node. Even in the case where logical nodes / virtual machines are used, this restriction 
has serious drawbacks. For example, it hinders any study of performance considerations and thereby also of those 
design considerations that are influenced by, or can affect, performance. Experience also shows that students who are 
forced to develop a distributed application on a single physical node are wont to create applications that do not, in fact, 
execute correctly unless executed on a single physical node [3], [4]. This can be for reasons as simple as inadvertently 
using “localhost” for the domain name. Finally, if students are not able to experience, or visualise in some way, the 
distributed execution of the application they are building, they may suffer a loss of motivation and have difficulty 
believing that their application can indeed work in a distributed fashion. 

Secondly, in an era when large-scale distributed systems are becoming increasingly common, distributed and HPC 
systems courses should also deal with the main aspects of such systems. However, though some of these aspects can be 
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exercised on low-cost solutions such as Raspberry Pi clusters, in general, it is unrealistic to expect higher education 
institutions to have sufficient resources to acquire and administer the infrastructure on which students can develop 
large-scale distributed applications. The costs of a distributed infrastructure for use by students could be shared by 
groups of educational institutions, similar to the way in which test beds such as PlanetLab [5] have been jointly built by 
research institutes. However, such a solution is costly, in terms of finance, organisation and administration, which is 
one of the reasons why, to our knowledge, such common infrastructures do not currently exist. In this article, we dis-
cuss a more realistic alternative solution, namely simulation. 

The use of virtual environments [6] and simulation in education is not new. The survey article [7] shows simulation 
to be a valuable tool in science education in general. Recent work that uses simulators for teaching distributed and 
HPC systems focuses on postgraduate students [3], [4] and, to the best of our knowledge, there is no study that uses 
simulators for teaching distributed and HPC system to undergraduate students. The advantages of using simulation in 
tertiary computer science education, in particular, to mitigate the absence of costly infrastructure, is discussed by Al-
noukari et al. in [8], the context being the Syrian Virtual University, where the provision of educational infrastructure is 
currently challenging, to say the least. Other challenges to the successful use of simulation to teach distributed and 
HPC systems in Engineering degrees are: managing the student’s learning curve for the new tool, overcoming difficul-
ties students have in applying previously-acquired knowledge of distributed and HPC systems and architectures to 
simulation, and helping them to interpret simulation results, in particular, to check the correctness of the systems being 
evaluated. 

The objective of the work presented in this article is two-fold: first, to alleviate the existing challenges for teaching 
distributed and HPC systems to undergraduate students. A detailed description of how we deal with the previously-
described challenges is provided in Section 2. Second, to study the value of simulation in the learning of distributed 
systems programming using the SIMCAN simulator [9]. To this end, we analyse the results obtained using two differ-
ent metrics: the students’ final mark and the students’ perceptions. The users' attitude towards a system is a major 
determinant of whether the user will actually use or reject it and this attitude originates in their perceptions. Venkatesh 
et al.,  in [10] review user acceptance literature and discuss eight prominent models to predicting a person's behaviour 
based, most of them, on the perceptions. 

In particular, to measure the students’ perceptions we adapt the Technology Acceptance Model (TAM) to our pur-
poses. TAM, introduced by Davis ([11], [12]) and based on the theory of reasoned action [13], is a powerful tool for 
predicting the acceptance, adoption and actual use of new technologies. It makes use of three so-called “constructors”, 
namely perceived usefulness, perceived ease of use, and behavioral intention to use, as major elements in the decision to use a 
given technological element (Fig. 1, continuous line). Perceived usefulness is the degree to which users think that using 
the technology will increase their performance, effectiveness and efficiency. Perceived ease-of-use is defined as the 
degree to which users expect the use of the technology to help them optimise their efforts. Finally, behavioural inten-
tion of use is defined as the degree to which users have formulated plans to use the technology in the future. 
[Insert Figure1] 

The TAM model has received extensive empirical support [14] and has been validated in meta-analyses involving 
dozens of studies [15], [16]. It has been used to study the future use of a wide variety of new innovations in infor-
mation technology, in particular, in educational environments [17]–[20]. In many of these studies, the TAM model is 
modified to incorporate new variables or to eliminate others, looking for other elements that influence the acceptance 
of the technology. For instance, Liu et al. include variables such as the design of the tool or technology and the user’s 
previous experience [21]. 

2 SIMCAN SIMULATION PLATFORM 
Simulations of highly distributed systems, which usually involve a very large number of heterogeneous resources, 
require precise, efficient and flexible modelling techniques. It is crucial that the system under study be precisely mod-
elled in order to accurately represent its behaviour. Hence, simulation tools must provide enough flexibility to model a 
wide-range of system configurations. The SIMCAN simulator fulfils these requirements. SIMCAN [9] is a simulation 
platform for modelling highly distributed systems and applications, which is currently available, e.g. from 
http://www.simcansimulator.com, as open source software.  

The SIMCAN simulator has been developed and validated by one of the authors of the present study [9], [22]. This 
simulator has three main objectives. The first is to provide a high level of flexibility and scalability, allowing users to 
model a wide range of highly-distributed system configurations. The second is to ease the development of distributed 
applications by providing intuitive APIs. The third is to investigate the performance of distributed and HPC applica-
tions executed over distributed systems with different architectural configurations.  

SIMCAN is written in C++ using OMNeT++ [23], a discrete event simulation (DES) framework that has become 
very popular in the research community in recent years, and INET [24], a framework to simulate communication net-
works using real protocols, like TCP and UDP. It is important to remark that many other well-known simulators for 
modelling distributed systems, such as OverSim [25] and RINAsim [26], are also based on OMNeT++, which has been 



 

 

used in more than 2,000 scientific publications in the last five years (based on Google Scholar search results). 
Since this new version of SIMCAN has been designed to analyse the tendency of the system when different architec-

tural configurations are provided, the execution of a simulated environment is deterministic, that is, executing the 
same scenario different times always produces the same result. However, it is possible to include new stochastic mod-
ules, e.g. for modelling file systems and disk drives, which use random variables [27]. 

The simulation core of SIMCAN relies on its repository. Basically, this repository contains a collection of models that 
represents the most relevant components of a distributed system, such as CPUs, disks and communication networks. 
These models are hierarchically classified into four basic systems: storage, CPU, memory and network. Using this 
structure, users are able to model large distributed systems, like HPC clusters and data-centres for supporting cloud 
computing environments [28], [29]. In this case, several computer models are interconnected through a communication 
network. Each computer model contains an API module that connects the applications with the four basic systems. 
Thus, user applications are able to request hardware resources by invoking the functions provided by the API module. 
SIMCAN provides different APIs to develop distributed applications, which are inspired by real APIs like POSIX and 
MPI [30], [31]. 

In the last few years, several simulation tools have been used in education for teaching distributed systems and an-
alyzing performance of HPC systems. Zarza et al. [32] propose an innovative teaching strategy for teaching perfor-
mance evaluation of HPC systems, in which the OPNET Modeler [33] (now known as Riverbed Modeler) is used to 
implement models of HPC systems, these models being provided to the students, with a view to easing the assimila-
tion of HPC concepts. This approach requires real traces to be replayed in a simulation environment. Moreover, an MPI 
API is not provided and, consequently, MPI applications cannot be executed in the simulator. Finally, the OPNET simu-
lator is licensed software, which hampers its use in the educational setting. 

Another interesting approach is the one presented by Degomme et al. [3]. In this work, the simGrid simulator [34], 
[35] is used to simulate and analyse the performance of MPI applications. This approach is based on SMPI [36], an MPI 
simulator provided as part of the SimGrid simulation framework. Since SMPI provides an MPI API, both on-line and 
off-line simulation are supported, that is, MPI applications can be executed either in real time or using traces gathered 
from previous executions. SMPI Courseware [4], [37] a very recent approach found in the current literature, proposes a 
set of assignments that can be incorporated into any HPC course. SMPI Courseware uses SMPI [36] to accurately simu-
late the execution of MPI applications on customised HPC systems. Although the authors do not specify the target 
course for this approach, they state that they are developing a large pedagogic corpus providing a wealth of reusable 
assignments that can be integrated across the HPC curriculum for both undergraduate and postgraduate courses.  

While these approaches are certainly of interest for teaching distributed and HPC systems, they also present some 
drawbacks. Firstly, they are applied in postgraduate courses, in which students are expected to already possess basic 
distributed systems skills. Secondly, the simulation tools used lack an intuitive GUI, a feature that undoubtedly eases 
the configuration of parallel and distributed architectures in a simulation tool. In its absence, students are obliged to 
manually configure the simulation environment (e.g editing XML files to configure a distributed model in simGrid). 
Moreover, in order to execute MPI applications, an MPI distribution must be installed on the computer where the sim-
ulator is used, requiring additional software and libraries. Finally, these simulators do not encourage students to build 
HPC systems by sharing component models (e.g. CPUs, disks and memories). 
[Insert Figure 2] 

The current version of SIMCAN makes this simulator a very suitable and practical tool for teaching/learning dis-
tributed systems in undergraduate degrees. Moreover, SIMCAN is used to model both distributed and parallel envi-
ronments, that is, students are able to model a wide range of scenarios, from basic distributed scenarios consisting of a 
client-server model to large and complex HPC architectures. The following is a summary of the main contributions of 
this simulator: 

1. Ease of modelling and configuring distributed and HPC systems. A new user-friendly GUI, which has been 
written in Java, is provided with the simulator (Fig. 2). All the low-level details, including the language used for 
configuring hardware components, are hidden to students. Hence, students can easily model large and complex 
distributed systems without learning additional languages. 

2. Facility to share and distribute models further eases the modelling and configuring of complex systems. The 
models created can easily be shared between students just by copying them into the repository, providing two 
significant benefits. First, the teacher can easily distribute examples and exercises among the students and 
thereby save them spending time on writing and configuring models. Second, the students can compare differ-
ent solutions, e.g. provided by other students, by simply loading the corresponding models in the simulator. 

3. Easily-understandable results. The log system has been adapted to be able to show only those messages that 
are required to explain a specific system in class. While the research-oriented version of SIMCAN prioritised ex-
ecuting the simulation and providing the results as quickly as possible, the education-oriented version includes 
a detailed and categorised log, enabling output messages to be fully customised to show only the required in-
formation. 

4. Portability. This simulator is licenced under the GPL and can be executed on the currently most common plat-



 

 

forms, notably Windows, Linux and MacOS. 

3 COURSE STRUCTURE & METHODOLOGY 
The study reported on here concerns the Distributed System Programming (DSP) course, a classroom-based obligatory 
fourth-year course of the four-year Computer Engineering Degree at the Complutense University of Madrid. 

3.1 Participants 
The research involved 22 students (3 women and 19 men) with an age range from 20 to 30 years (an average age of 

24.86 and standard deviation of 2.95) all from the same group (only one group per year follows this course). It is of 
interest to note that a significant percentage of students are in full-time work due to DSP being a fourth year course 
and to it being scheduled in the evening (18:00 to 20:00). 

A quantitative analysis of the TAM model, based on the theory of structural equation models is not possible due to 
the small number of students [38] who have taken the subject so a qualitative data analysis will be carried out instead. 
Moreover, the gender distribution does not allow us to perform any gender analysis such as the one carried out in [20]. 

3.2 Learning Objectives 
The overall goal of the course is to give the students a global understanding of the area of distributed systems and their 
programming. To this end, they must first familiarise themselves with the basic concepts of the field. Some of these 
concepts are introduced to the students throughout the course, since introducing them when needed helps them to be 
assimilated, but many of them must be introduced at the outset. 

Building on this conceptual basis, the students are then able to gain understanding of the main architectures, com-
munication paradigms, technologies, languages, techniques and algorithms currently in use in the field of distributed 
systems programming, to which they are introduced in the rest of the course. 

The programming assignments that the students carry out throughout the course provide them with a chance to put 
the knowledge they have acquired of distributed systems programming into practice. This inevitably involves explor-
ing in greater depth a particular set of distributed systems programming technologies, for which reason, it is important 
that the chosen technologies are representative and exercise important aspects of distributed systems programming. 
Moreover, these aspects should very across different assignments. 

3.3 Learning Outcomes 
The DSP course specification [39] defines the following competencies that the students should acquire: 

LO1: The ability to analyse and evaluate parallel and distributed architectures, and develop and optimise software 
for them. 

LO2: The ability to use simulation to analyse the performance and scalability of distributed applications executed on 
different architectures. 

LO3: The capacity to identify the most relevant properties of distributed systems and applications. 
LO4: The capability of using some of the well-known distributed algorithms and of identifying their main proper-

ties. 

3.4 Course Structure 
There are four hours of classes per week, two of them lectures and the other two labs. The lectures are practically-
oriented and include a certain amount of problem-solving. In the lab sessions, the students solve preparatory exercises 
and work on the three assignments that are set each year. In the third of these assignments, the students use SIMCAN 
to model several different distributed architectures and analyse the execution on these architectures of programs that 
simulate distributed applications, these programs being provided by the lecturer. 

3.5 Assignment using SIMCAN 
In this section, we describe the SIMCAN-based assignment of the DSP course (Assignment3). Basically, this assignment 
consists of three different exercises. 

Initially, the students use SIMCAN to model a basic client-server architecture, where one node represents the server, 
which stores different files, and other node represents the client, which executes an application that reads these files 
remotely using NFS (Network File System). These nodes are connected to a switch using a communications network. 
This architecture is modelled using the GUI provided by SIMCAN (See Fig. 2). The idea is to analyse the system per-
formance when the underlying system infrastructure is modified, for instance, by using a different communication 
network or different disk drives in the server node. Thus, students are able to analyse how a single modification in the 
architecture impacts on the overall system performance (e.g. the observed speed-up of a file reading application when 
a faster network – or a faster disk drive - is used) 

The second exercise consists of modifying the previous architecture. The system being modelled now consists of 
one client node and 8 server nodes, where each file is distributed among the server nodes. The objective of this exercise 



 

 

is to analyse the distribution of data and how parallel access to this data may considerably increase overall system 
performance. To this end, the client node uses a parallel file system to access the data stored in the servers. Again, stu-
dents then analyse system performance using different network and disk-drive configurations. They also use differing 
values for the parameters of the parallel file system, such as the block size used for accessing the data. 

Finally, the third exercise is to model a complete HPC system. We now divide the system into two parts: computing 
and storage. The former is modelled using racks, which contains blades where the applications are executed. These 
blades can be configured to contain a customised number of CPU cores, memory and disk. The latter consists of the 
storage nodes, which house the files containing the data remotely accessed by the computing nodes. An MPI applica-
tion is executed in the computing nodes, while the data required to be processed by this application is stored in the 
storage servers and is accessed using a parallel file system. Both the application and the system architecture are modi-
fied in order to study how this affects the overall system performance. The application configuration is varied by using 
different numbers of processes and different block sizes for accessing and sending data among the processes. The archi-
tecture is varied by using different numbers of CPUs per blade, different numbers of computing blades, different num-
bers of storage servers and different communication networks. In this case, the students must analyse the scalability of 
the system and locate bottlenecks. Of particular interest in this exercise is when the students observe that using “better 
components”, such as a faster network, does not provide the “expected” performance improvement due to the exist-
ence of a bottleneck, for example, in the server nodes. 

With reference to the learning outcomes discussed in Section 3.3, the competencies acquired in carrying out this as-
signment are as follows: 

LO1: Little, since only performance aspects of analysing and evaluating parallel and distributed architectures are 
exercised. 

LO2: Greatly, since students gain hands-on experience in using simulation to analyse the performance and scalabil-
ity of distributed applications on a range of architectures, from a 2-node client-server architecture to a complete HPC 
system. 

LO3: Some, since students gain practice in identifying a few of the most important properties of distributed systems 
such as scalability and flexibility, as well as performance. 

LO4: Significantly, since the assignments used are based on the simulation of well-known distributed algorithms 
and thereby aid understanding of these algorithms. Moreover, many of the most well-known algorithms of this field 
could be programmed for the simulator and used in student assignments. 

3.6 Evaluation 
The overall grade of the course is calculated by taking into account both the three practical assignments and a final 
exam (a written test). Thus, the overall grade is calculated by the following expression: 

fg = 0.3·(0.33a1 + 0.33a2 + 0.34a3) + 0.7fe,   (1) 
where fg is the overall grade, a1..3 are the marks for the practical assignments and fe is the mark for the final exam. 

There are two exceptions where the final grade is not calculated by the previous expression, that is, the student ob-
tains a mark less than 4 in the written test or the student gets a mark less than 4 in any of the three practical assign-
ments. In these cases the student’s overall grade is a fail. 

It is important to remark that it is not mandatory that the practical assignments be developed and submitted in the 
lab. In particular, since SIMCAN can be executed on a regular computer, it provides a high degree of flexibility for 
developing Assignment3 outside lab hours, thereby allowing the students to invest more time in studying for the final 
exam. To facilitate deployment of the simulator on other computers, the students were provided with a virtual machine 
in which SIMCAN was preinstalled. 

4 ANALYSIS PERFORMED 
To study how the SIMCAN simulator improves learning distributed systems we analyse two different metrics: stu-
dents’ perceptions and course marks.  

4.1 Student Perceptions 
To measure the students’ perceptions, we have used a slight adaptation of the TAM. We designed a survey for evaluat-
ing the students’ perception both of the course itself and of how SIMCAN improves their learning of distributed sys-
tems programming. An English translation of the questionnaire used can be found in Table 1. 
[Insert Table1] 

The first part of the survey, related to the course itself, is based on the three-constructor original TAM model, 
whereas the second part, related to SIMCAN, includes a new constructor, perceived interest (Fig. 1, dashed line). Moreo-
ver, some additional questions have been added to evaluate the students’ perception of the lectures and lab sessions. 
Observe that, in Table 1, the following notation has been used: DS stands for distributed systems, SIM for simulator, 



 

 

and AQ for additional questions. 
The questionnaire uses a five-point Likert scale, ranging from (1) “strongly disagree” to (5) “strongly agree”, to col-

lect students’ opinions, there being several items for each TAM constructor. Students’ perceptions are computed using 
the mean score of the students’ answers to each constructor. 

A student survey was conducted on two separate occasions during the DSP course: at the start and just after the 
submission of the SIMCAN-based assignment. The two surveys are slightly different since the first focuses on a priori 
expectations, while the second evaluates a posteriori perceptions. For instance, an item which in the initial survey is "I 
think I will learn from the lab sessions with the simulator", in the final survey becomes "I've learned from the lab ses-
sions with the simulator" (Table 1 only shows the final survey). This use of two surveys enables us to check whether 
the course contents and, in particular, the use of the simulator, have lived up to expectations. 

The questionnaire responses were anonymous, but students were asked to answer some personal questions (for in-
stance, “what is your favourite (music) band?”), in order to be able to match the two questionnaires in the analysis. 

4.2 Assessment Results 
We compared the marks obtained both for the assignments and for the final exam with those of the previous year 
(2016), in which the same assessment scheme was used but the SIMCAN simulator was not. 

5 RESULTS 
5.1 Student Perceptions 
First of all, we analysed the reliability of the survey, calculating Cronbach’s alpha on the proposed questions within 
each constructor. We obtained in all cases values over 0.7, a quality threshold widely accepted [40]. 
[Insert Table2] 

In Fig. 3 and Table 2 we illustrate the percentages of the different answers for each question. We have grouped 
“agree” (4) and “strongly agree” (5) as High, and “disagree” (2) and “strongly disagree” (1) as Low. We do not show the 
response (3) since “neither agree nor disagree” represents either having no clear view or indifference. From here, we 
can conclude that the students’ perception, both for the subject and for the simulator, is good and, moreover, this per-
ception is better in the final survey, carried out after studying the subject and using the simulator, than in the first sur-
vey, carried out at the beginning of the course. 
[Insert Figure3] 

If we focus on the final survey, we observe that more than 50% of students have answered “agree” (4) or “strongly 
agree” (5) to all the items, except for item I07, where only 30% consider that this subject is easy. However, even though 
more than 60% agree or strongly agree in recommending this simulator to other students (item I23), only 40% think 
that they will use simulators to learn other subjects (item I24); we interpret this is being due to uncertainty about 
whether this would be feasible in courses not yet studied. 

Moreover, we highlight item I04 (“In general, DS is useful”), for which 81.82% of students agree (4) or strongly agree 
(5); item I11 (“In general, I think I'll need the DS from now on”), with 59.09%; item I15 (“In general, the simulator helps 
me to understand DS”), with 72.73%; item I18 (“In general, the simulator is easy to use”) with 63.64%; and item I21 (“In 
general, I find it enjoyable to work with the simulator”), with 77.27%. Finally, we want to point out that almost 80% of 
those surveyed find the lab sessions with the simulator interesting (“agree” or “strongly agree”, item I27) and have 
learned from the lab sessions with the simulator (“agree” or “strongly agree”, item I28). 

Table 3 shows the basic psychometric characteristics. It can be observed that the mean values of all constructors are 
above 3.0 (the “indifferent” value) and, moreover, all of them improve when the students have studied the subject and 
have used the simulator (final survey), especially the “perceived ease of use” of the simulator (PE_SIM), “additional 
questions” regarding the demonstrations in lectures (AQ_DS) and “additional questions” regarding the lab sessions 
with the simulator (AQ_SIM). This shows an increased acceptance of, and interest in, the use of simulation in learning, 
on the part of the students. 
[Insert Table3] 

We point out that the mean values are quite high in the constructor measuring the "perceived usefulness" of the sub-
ject (PU_DS) and of the simulator (PU_SIM), as well as in the constructor measuring the "perceived interest" that the 
simulator produces (PI_SIM). Finally, from the mean value of additional questions relating to the simulator (AQ_SIM), 
we can conclude that the students appreciated the simulator’s utility as a learning tool. 

5.2 Evaluation Results 
Table 4 shows the mean mark for the practical assignments, the mean mark for the final exam and the mean overall 
grade (obtained with expression (1)) for the students in the 2016 and 2017 editions of the DSP course. It can be ob-
served that the results in the exam and in the final grade are slightly better in 2017, when the simulator was used, than 
in 2016.  
[Insert Table4] 



 

 

We studied to what extent the assignment marks can be used as a predictor of the final exam mark and/or the overall 
grade. Table 5 shows the corresponding linear regression R2 coefficients. This coefficient is bigger for Assignment3, the 
SIMCAN-based assignment (for example, Figure 4 shows the linear regression between the mark for Assignment3 and 
the overall grade, R2 = 0.5172). Thus, Assignment3 can be used - albeit with some uncertainty - as the proposed predic-
tor. This fact highlights the import role of this assignment in the DSP course. 
[Insert Figure4] 

Finally, Table 6 shows the significant correlations among the individual assignment marks, the mean mark obtained 
in the assignments, the final exam mark and the overall grade. In particular, the importance of Assignment3 can be 
appreciated, indicating that a well-executed Assignment3 favours learning of DSP since it helps to obtain a good mark 
in the final exam and, as a consequence, in the overall grade. 
[Insert Table5] 
[Insert Table6] 

6 CONCLUSION 
In this paper we presented a study of the use of the SIMCAN simulator in the teaching and learning of Distributed 
System Programming (DSP), a fourth year course of the Computer Engineering Degree. The SIMCAN-based assign-
ment introduced in this course allowed the students to exercise aspects of distributed systems programming that could 
not be exercised otherwise. It involved the students modelling several different distributed architectures and analysing 
the execution on these architectures of programs that simulate distributed applications, these programs being provided 
by the lecturer. 

Our evaluation of the role of the SIMCAN simulator in improving learning of distributed and HPC systems includ-
ed the investigation of both the course-assessment results and the students’ perceptions. To measure the latter, we used 
a slight adaptation of the TAM. 

We designed a survey for evaluating the students’ perception both of the course itself and of how SIMCAN im-
proves their learning of distributed systems programming. It can be observed that the mean values of all constructors 
are above 3.0 (the “indifferent” value) and, moreover, improved when the students had completed the course and used 
the simulator. In particular, the mean values were quite high in the constructor “perceived usefulness” for the course 
itself and for the simulator.  

We point out also that almost 80% of those surveyed found the lab sessions with the simulator interesting and be-
lieved they had learned from them. 

Finally, it is of interest to note that we found a significant correlation between the mark for the SIMCAN-based as-
signment, on the one hand, and the mark for the final exam and the overall grade, on the other. We also found that the 
mean mark obtained in the assignments (and even more so, that obtained in the SIMCAN-based assignment) can be 
used as a predictor to estimate both the mark obtained in the final exam and the overall grade. Moreover, if we take 
into account that the results, both in the exam and in the final grade, are better in 2017 than in 2016, where SIMCAN 
wasn’t used in the laboratory classes, we can conclude that SIMCAN has a positive impact on the learning process of 
distributed system programming. 

Though the size of our study inevitably means that any conclusions are tentative, the results obtained are promising. 
We intend to study the use of SIMCAN in distributed systems courses in other universities, from which we expect to 
gather valuable data from a larger number of students. Finally, for the upcoming editions of the DSP course used in the 
present study, we are planning to develop stochastic modules for more realistic modelling of the behaviour of compo-
nents such as solid state disks, memories and schedulers. 
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