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Dedicatória 
 
‘Aprender’ (e ‘aprender sobre aprender’) sempre foram necessidade e paixão. 
 
Dúvidas que começaram como uma problemática prática - que neste curso não poderiam 
deixar de existir -, rapidamente transbordaram as reflexões individuais e revelaram-se na 
sua transversalidade, ou melhor, na sua universalidade. Assim, a pertinência e importância 
de explorar e investigar sobre estas temáticas dominou, de formas então inesperadas, o 
meu percurso académico e a minha vida em seu redor. 
 
No início, foram conversas informais, nas quais o Bruno me cativou pela garra e resiliência 
com as quais já se teria empenhado nestas mesmas questões. Não obstante as barreiras 
que encontrou (e quantas são estas na investigação, na inovação, na mudança), nunca 
desistiu, aliás, insistiu e revelou-me um caminho aberto - fértil, mas infecundo - pronto a ser 
explorado, e fui aceitando os desafios. 
 
Ao longo desta aventura partilhada, foi orientador, colega, amigo e parceiro - no mundo 
académico e no mundo empresarial - neste que se tornou no maior desafio que enfrentei, 
até agora. Obrigado. A ti, Bruno. 
 
Sem dúvida, mais me acompanharam neste caminho que nunca percorri sozinho. 
 
Aos meus pais, que lavraram os primeiros trilhos e me deram a mão para aprender a andar. 
É com honra que sigo os seus passos e procuro ser melhor. A eles devo a coragem de 
avançar, pelo seu apoio incondicional, e a dedicação ao trabalho. A vós, Mãe e Pai. 
 
À avó, que foi cuidadora primeiro e a minha primeira paciente. Na vigilância atenta e zelosa, 
entregou-se a um franzino prematuro que nada prometia e pouco acrescentava. A ela devo 
a herança própria de uma infância feliz e da oportunidade de crescer. A ti, Avó. 
 
Aos irmãos, que me desafiaram a ser-lhes exemplo. Eles que me impuseram tão 
docemente a máxima da partilha e do serviço, na ambição de lhes oferecer um 
irrepreensível companheiro, honesto e presente. A eles devo essa responsabilidade. A vós, 
Tiago e Luciana. 
 
À namorada, que me apoiou e inspirou. Recebeu-me e ajudou-me a crescer, a ser quem 
que queria ser. Na partilha das nossas felicidade e cumplicidade, foi terna e dedicada, 
sempre disponível e encorajadora para conhecer melhor o mundo - e a mim mesmo. A ela 
devo a calma, a alegria e a motivação. A ti, Margarida. 
 
Aos amigos que me apoiaram ao longo da jornada: que me desafiaram, apoiaram, 
corrigiram e animaram. Aos que foram músicos, dançarinos, poetas, filósofos, engenheiros, 
físicos, psicólogos; aos que foram comigo ao cinema e à biblioteca; aos que foram médicos; 
aos que foram sempre presentes. A eles devo tantas memórias. A vós. 
 
Aos melhores pedagogos, que desde sempre foram um privilégio e que me mostraram 
caminhos marcados pelas suas experiências e o fascínio das suas conquistas. A eles devo 
a curiosidade. A vós, Elisabete Queirós, Elisa Alves, José Ramos, Raquel Costa e Fátima 
Carneiro. 
 
A todos, os que me mostraram o mundo, aos que desiludi, aos que surpreendi, aos que 
foram cândidos e compreensivos, espero que nos nossos encontros, passados e futuros, 
possam levar de mim aquilo que procuram. 
 



“Parte da viagem é o fim” 
 
Na subversão da expectativa da chegada - como assim a Ciência é feita -, agora sim, sinto- 
-me pronto e preparado a (re)começar. A refazer todo caminho, noutros trilhos, noutros 
rumos, noutras inquietações. 
 
E no final (se o houver) deste indelével percurso, o que serei? Médico - se tratar os outros 
com humildade. Mestre - se tratar as dúvidas com arrogância. Estudante - se tratar de ser 
quem sou. 
 
Por agora, sou vosso aprendiz. 
 

José Miguel Diniz 
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ABSTRACT  

The paradigm shift in the medical curriculum as well as the ever-increasing 

influence of technology in pedagogical context challenge the traditional teaching 

process of core medical curriculum sciences, as is the case of Anatomy. In this 

context it is relevant to understand students’ perspectives towards the 

implementation of new pedagogical approaches. This study evaluates the impact 

of the satisfaction with the implementation of a Computer Assisted Learning 

(CAL) training platform on the performance of medical students. Additionally, the 

present research aims to verify a potential dose-dependent effect between 

students’ satisfaction performance and frequency of training through CAL 

platform, and measure its impact. A total of 671 medical students attending 

Musculoskeletal (MA) and Cardiovascular Anatomy (CA) courses were allocated 

to one of three groups (MA Group, CA Group, MA + CA Group). Students 

satisfaction was accessed using a validated questionnaire after each session. 

After the online training sessions, students improved their perception towards 

CAL training, a trend that was observed in all three groups. The increase in 

satisfaction between session (Delta Perceptions score) showed small positive 

correlation with Musculoskeletal Anatomy training sessions in the MA Group (r = 

0.259, P < 0.001) and moderate positive correlation in the MA + CA Group (r = 

0.366, P < 0.001). It also showed small positive correlation with Cardiovascular 

Anatomy training sessions in the CA Group (r = 0.198, P = 0.001). A positive 

dose-dependent effect between satisfaction and the number of training sessions 

was observed in both MA Group and CA Group. 
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INTRODUCTION 

Although Anatomy is one of the oldest field of the medical curriculum, recent 

decades marked a paradigm shift in the teaching and learning processes of this 

subject (Estai and Bunt 2016; Losco et al. 2017). In fact, it has been evolving in 

order to respond to the changes in teaching and health systems  (Drake 2014; 

Kurt et al. 2013; Sugand et al. 2010). 

 

Paradigm shift in Anatomy Education learning and teaching strategies 

The continuous expansion of medical knowledge has led to multiple revisions in 

the teaching process to ensure a successful pedagogical experience (Irby and 

Sullivan 2018). Alongside, a change in medical students’ profile was observed. 

Indeed, medical students have become increasingly technology-dependent and 

with more non-academic responsibilities, requiring a progressively more 

multidisciplinary approach (Johnson et al. 2012). 

In this context, a profound reform of medical curriculum was observed. Different 

field of knowledge were incorporated in medical curricula, having as the main 

consequence the readjustment in the time allocated to traditional core curriculum 

subjects, as Anatomy (Carmichael 2012; Drake et al. 2009; Guimaraes et al. 

2017). 

Evolution on Anatomy educational approach goes beyond the medical curriculum 

reconfiguration. As matter of fact, as new approaches to human body 

visualization were progressively incorporated in medical practice, also Anatomy 

Education incorporated a new focus on the human anatomy approach (Murphy 

et al. 2015). Thus, imaging, provided by endoscopic and surgical procedures, as 
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well as radiological images provided by computer tomography, magnetic 

resonance imaging (MRI), among others, were progressively adopted in anatomy 

teaching process (Gunderman and Wilson 2005; Heptonstall et al. 2016; Rengier 

et al. 2009). 

In parallel with curricular changes and different approaches to the human body, 

new pedagogical strategies were adopted in Anatomy Education. The most 

reported implemented strategy was the incorporation of computer-assisted 

learning (CAL) and computer-based assessment (CBA) in Anatomy pedagogical 

process (Eladl et al. 2019). Independent learning is promoted by CAL as well as 

problem solving skills and time flexibility (Gorman et al. 2000; Hilvano 2017; 

Trelease 2002), being less restrictive and less resource-dependent (Johnson et 

al. 2012).On the other hand, CBA in Anatomy teaching have pleased the students 

without compromising academic performance (Guimaraes et al. 2018; Meyer et 

al. 2016). Additionally, CAL and/or CBA have been promoting a more clinically 

oriented perspective, by incorporating medical imaging, including endoscopic 

and laparoscopic procedures (Fasel et al. 2016; Hamza et al. 2019; So et al. 

2017).  Even more relevant, both CAL and CBA facilitate the collection of data 

related to students’ learning and assessment processes, allowing for more 

directed and specific strategies to optimize personalization of the learning 

process according to the Learning Analytics principles (Chatti et al. 2014; 

Ferguson 2012; Pinnell et al. 2017; Siemens 2013). 
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Student Satisfaction in the Context of Anatomy Education 

Some authors use satisfaction and performance as teaching method indicators 

in their Anatomy courses, without correlating satisfaction with academic results 

(Giffin et al. 2016; Khalatbary and Tamjidipoor 2011). Some studies even 

correlate satisfaction with the teaching method and an improvement in academic 

performance (Brown 2010; Saxena et al. 2008; Topping 2014). 

Despite the implementation of CAL being associated with increased student 

motivation (Hu et al. 2016), it is fundamental to assess students’ perceptions 

towards this pedagogical strategy.  

 

Anatomy Courses at the Faculty of Medicine, University of Porto 

Since the medical curricular reform in 2013, anatomy courses at the 

Faculty of Medicine, University of Porto (FMUP) suffered a significant reduction 

in their contact hours, passing from 309 to 180.5 hours (Guimarães et al. 2017). 

Cadaveric dissection was also abandoned in favor of cadaveric prosection, a less 

time-consuming teaching strategy. Additionally, it is estimated that, over the last 

20 years, Portuguese medical schools registered a 397% increase in students’ 

enrolment (Diogo et al. 2016), which further contributes to the need of these 

logistical restrains. 

At FMUP, the education of anatomy is now distributed throughout the first 

two academic years. According to the current curriculum organization, the 

anatomy courses of the first year are the Musculoskeletal Anatomy course (first 

semester) and the Neuroanatomy course (second semester), while the second 

year courses are the Cardiovascular Anatomy, Endocrine/Reproductive Anatomy 
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(first semester), Digestive system Anatomy, Respiratory/Urinary Anatomy and 

Integrative Anatomy (second semester). Besides Anatomy, each of these 

courses also includes the corresponding Physiology and Histology classes. 

Anatomy courses have both theoretical and practical lessons. The 

Musculoskeletal Anatomy course lasts for 9 weeks, while the Cardiovascular 

Anatomy course takes 14 weeks. The number of contact hours in the 

Musculoskeletal Anatomy and Cardiovascular Anatomy courses is 46.5 hours 

and 24 hours, respectively. The theoretical content of the courses focuses on 

general anatomy principles, functionalities of the anatomical structures, as well 

as the relations between them, and other relevant anatomy clinical information. 

Practical lessons take place in the anatomical theatre and are based on cadaveric 

material prosection. The Musculoskeletal Anatomy course includes four one-hour 

long theoretical sessions and 17 practical lessons, each two and half hours long. 

This course focuses on the human bones, muscles and joints (except for those 

of the head, which are studied in the Neuroanatomy course), as well as on the 

general principles of movement, superficial anatomy and clinical knowledge 

regarding the musculoskeletal system. The Cardiovascular Anatomy course 

includes two one-hour long theoretical sessions and eleven practical lessons, 

each two-hour long. This course focuses on the heart and blood vessels’ anatomy 

and their relations, as well as on clinical Anatomy knowledge related with the 

cardiovascular system. 

At the end of each course, students are subjected to a final assessment, 

which comprises theoretical and practical examinations. The theoretical 

assessment of Anatomy is composed of short-answer questions. The practical 
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examination consists on the presentation of a sequence of pin-pointed cadaveric 

anatomical structures to the students, who should correctly identify them. 

Following the medical curriculum reform at FMUP, a CBA platform (VIMU) 

was implemented with the intent to reduce the logistical burdens associated with 

the assessment process of the Anatomy courses (Guimarães et al. 2017; 

Guimarães et al. 2019). Based on previous experiences, VIMU was also adapted 

into a CAL platform to function as a training resource for the practical 

examinations of both the Musculoskeletal Anatomy and the Cardiovascular 

Anatomy courses. 

In this context, the present study was conducted to evaluate the impact of 

the CAL training on the satisfaction levels towards the CAL platform 

implemented. Moreover, it aims to verify a potential dose-dependent effect 

between students’ training and the satisfaction level. 

Based on previous research and the explained rationale, the authors 

hypothesize better that the amount of training with CAL anatomy platform will be 

associated with improvement in perceptions towards CAL as a pedagogical 

solution. 
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MATERIAL AND METHODS 

This experimental protocol was approved by the Commission of Ethics for Health 

of Centro Hospitalar São João/Faculty of Medicine, University of Porto. Written 

informed consent was obtained from all participants. 

 

Recruitment of Participants 

This study took place in Faculty of Medicine, University of Porto. The participants 

consisted of 304 medical students enrolling the MA course (MA Group), the 241 

medical students enrolling the CA course (CA Group) and the 126 medical 

students enrolling the both MA + CA courses, reflecting students that didn’t obtain 

approval in MA course (MA + CA Group) (total number of 671 students) were 

contacted in person, by e-mail or cell phone to participate in the study. Of the 

original pool, 611 students (288 MA students, 217 CA students and 106 MA + CA 

students) responded and voluntary agreed to participate in the study. They were 

provided with informed consent forms. 

  

Sample characterization 

Information about all the participating students was collected to characterize the 

population in this study and thus to relate this information with their computer 

literacy. It was gathered information about the selected students that covered 

several parameters, such as, personal features (gender and age); admission to 

Medicine school (admission entry grade and type of enrolling program, which in 
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this case was divided in the 1) usual undergraduate medical program and 2) other 

– including the graduate medical program and foreigner students’ program).  

Also, it was collected student’s final steeplechase grade for the academic year 

during which the study was conducted (respectively Current Musculoskeletal 

Anatomy Course and Current Cardiovascular Anatomy Course). In addition, the 

performance in previous Anatomy related courses steeplechase examinations 

was also collected (Previous Musculoskeletal Anatomy Course for the CA Group 

and Previous Neuroanatomy Course for both the CA Group and MA + CA Group). 

  

Software Description - VIMU 

In this study we used a training platform called VIMU, which is an e-learning 

online platform. It was developed in Porto, Portugal, 2012, under the jurisdiction 

of FMUP’s Department of Public Health, Forensic Science and Medical Education 

(at the time of creation it was the Department of Medical Education). VIMU was 

created with the aim to function as a training tool for CAL of Anatomy. This 

platform simulates theoretical pen-and-paper tests (multiple-choice questions 

(MCQ)) and practical steeplechase tests (Guimarães, et al., 2017). 

Several modules constitute VIMU. For the purposes of this study, we use the 

Virtual Quiz module which simulates the steeplechase. It displays a series of 

stations, each containing two main 2D images of cadaveric anatomical, with one 

pinpointed anatomic structure per image. Bearing in mind that the original 

cadaveric anatomical structures have volume (3D structures), each main 2D 

images displayed is accompanied by another one with an alternative spatial 
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orientation to ensure that the 2D nature of the images does not impair the spatial 

orientation of the depicted structure. Students have sixty seconds to complete 

each station (i.e. to type both answers through the keyboard). When the time limit 

elapses, the software automatically presents them with the following station. 

Immediately after completing the steeplechase examination, students are 

provided with a review of their examinations in the Results and Review module. 

In this module, students access the obtained grade (in a scale of 0 to 20) and are 

able to review each individual question contemplating the correct answer. In 

addition to providing feedback to the student, this platform has the capacity of 

granting teachers access to information about students’ performance. Moreover, 

in the Backoffice module, teaching staff besides creating the questions and 

examinations, can access to the information about the examinations designed 

(e.g. percentage of correct and incorrect answers as well as the percentage of 

unanswered questions; examinations’ difficulty, discrimination and reliability 

indexes; students’ grade distribution) and for each question (e.g. percentage of 

right answers/wrong answers/absence of answer as well as difficulty and 

discrimination indexes). 

  

Study Design 

The students that accepted to participate in the study were invited for a 

mandatory preparatory session. In this session, they learned the functionality of 

VIMU platform, and students’ perceptions/ satisfaction towards the CAL 

implemented was assessed through the completion of the evaluation 

questionnaire. 
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After the preparatory session, students were proposed to complete online training 

through VIMU’s Virtual Quiz module, between the period of 3 weeks comprised 

between the end of the academic semester and the beginning of final assessment 

period. 

Each training session consisted in a steeplechase examination that respects a 

blueprint of topics covering all the essential outcomes of the Musculoskeletal and 

Cardiovascular Anatomy courses and vetted by the teaching staff. The 

construction of the steeplechase examinations was based on a question bank 

created by the teaching staff. The content incorporated was based on the 

cadaveric material used in Musculoskeletal and Cardiovascular Anatomy 

classes. Cadaveric material photographs were collected with high-resolution 

cameras (in different perspectives) and then treated in image editing software (to 

introduce pin-pointed anatomical structures). Two members of teaching staff, 

based on the previous defined blueprint, independently selected from the 

collected images the ones to be incorporated in the question-bank that supported 

the training sessions. If consent was not reached, the opinion of a third teaching 

staff member was used. Each question was composed by two 2D images of the 

same anatomical structure in different spatial orientations, to facilitate the 

contextualization. 

Each Musculoskeletal Anatomy and Cardiovascular Anatomy training 

steeplechase examination comprised 10 stations, with a total of 20 anatomic 

structures digitally pinpointed on photographs of cadaveric material. There were 

provided 15 training sessions for Musculoskeletal Anatomy course and 12 

training sessions for Cardiovascular Anatomy course. The sessions were 

gradually available, with an average of one session per day, during 24 hours at 
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VIMU platform, which students accessed through an individual account. The 

training session were merely formative nature, and thus they were not mandatory: 

students weren’t penalized if they did not complete the purposed training session. 

The adherence to the training sessions was evaluated and defined in two 

variables: Musculoskeletal Anatomy Training Sessions and Cardiovascular 

Anatomy Training Sessions. 

After the training period, students’ perceptions/ satisfaction towards the overall 

CAL implemented was again assessed through the completion of the evaluation 

questionnaire. 

The schematics of the study design is represented in figure 1. 
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Satisfaction Questionnaire 

Students’ perceptions towards CAL pedagogical approach were evaluated 

using a questionnaire divided in three section. First section (Section I), evaluate 

the perceptions towards steeplechase online learning environment. Second 

section (Section II) and Third section (Section III) evaluate respectively the 

satisfaction with the usability of the steeplechase module (Section II) and the 

results & review module (Section III). 

The Section I was adapted and translated from the original Meyer and 

colleagues “Attitudes and perceptions of cadavers, the anatomy laboratory, 

steeplechase and online examinations” questionnaire (Meyer et al. 2016). Both 

Section II and Section II were adapted and translated from the original Lewis “The 

Computer System Usability Questionnaire” (Lewis 1995). Each version was prior 

to application, translated and validated. 

Section I, II and III consisted respectively of a five, nine and nine 5 points 

likert scale. Each sentence/question could be quoted as 1, revealing “Total 

Dissatisfaction”, or as 5 revealing “Total Satisfaction”. For analysis purposes, the 

level of assessment in each section resulted of the sum of the level of satisfaction 

in each question. In that sense, in Section I level of Satisfaction score range 

between 5 and 25, while in Section II and Section III level of Satisfaction score 

range between 9 and 45. Therefore, the Satisfaction Total score resulted of the 

sum of the scores of each previous section, and the score range from a minimum 

of 23 and a maximum score of 115. 

There were two perceptions assessment moments: the first prior to the 

online steeplechase examination training sessions, after the first contact with the 

CAL anatomy platform (Satisfaction 1) and the second after the training sessions 
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(Satisfaction 2). A serial number was attributed to each student’s test so that 

tracking and further association of test scores and training sessions performed 

could be made. The variation in the Satisfaction scores before and after the 

training session was transmitted by Delta Satisfaction, which consists on the 

difference between the second and first moments Satisfaction Total scores 

(Satisfaction 2 – Satisfaction 1 = Delta Satisfaction).  

 

Statistical Analysis 

All data analyses were undertaken using the Statistical Package for Social 

Sciences (SPSS), version 24.0 for Windows (IBM Corp., Armonk, NY). Statistical 

significance was determined at the level of P < 0.05. 

The characteristics of the population in study were assessed by 

categorical variables as gender, type of enrolling program and anatomy courses 

approval status, described in terms of absolute and relative frequencies. Also, 

characteristics of the population in study were assessed by continuous variables 

as age, grade in anatomy courses among approved students, the number 

Musculoskeletal Anatomy Training Sessions and Cardiovascular Anatomy 

Training Sessions, described in terms of mean and standard deviation (SD). 

The Satisfaction scores obtained after the first contact with the CAL 

platform, prior to the training sessions (Satisfaction 1) and after the training 

sessions (Satisfaction 2). These scores were described in terms of mean and 

standard deviation. The Satisfaction 1 and Satisfaction 2 scores were then 

compared using paired sample t-tests.  

Pearson’s correlation coefficient (r) was used to assess the correlation 

between the Delta Satisfaction score and the number of Musculoskeletal 
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Anatomy Training Sessions and Cardiovascular Anatomy Training Sessions 

performed, as well as the correlation regarding different variables, as the 

classifications in the previous academic years’ anatomy courses, the 

classifications on the current Musculoskeletal and/or Cardiovascular Anatomy 

courses, as well as the students’ age and admission grades. Cohen’s standard 

(Cohen 1992) was used to evaluate the correlation coefficients to determine the 

strength of the relationship, or the effect size. In this case, correlation coefficients 

between 0.10 and 0.29 represent a small association, coefficients between 0.30 

and 0.49 represent a medium association, and coefficients of 0.50 and above 

represent a large association or relationship (Cohen 1992). The association 

between the Delta Satisfaction score and students’ gender, and the type of 

enrolling program was assessed through independent sample t-test.  

Multiple linear regressions were used to identify the variables associated 

with Delta Satisfaction score (dependent variable for all models). The adjusted 

regression model showed that an increase in one unit of each of the variables 

included in the model is associated with an increase of (correspondent to β value) 

units of the delta Satisfaction. 

 

RESULTS 

Characteristics of the Participants 

The 611 students that participated in both pre-training and post-training 

sessions spatial abilities assessment were distributed into three groups: MA 

Group (288 students), CA Group (217 students) and MA + CA Group (106 

students). 
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Regarding the demographics, all groups were constituted mainly by 

females [MA Group N = 188 (65,3%), CA Group N = 131 (60,4%), MA + CA Group 

N = 80 (75,5%)] and the mean age of the participants was 20,8 years old ± 4,35 

(ranging from 18 to 40) for the MA Group, 21,2 years old ± 3,43 (ranging from 19 

to 42) for the CA Group, and 21,6 years old ± 3,73 (ranging from 19 to 39) for the 

MA + CA Group, as shown in Table 1.  

The mean admission grade was 18,48 ± 1,00 (MA Group), 18,62 ± 1,02 

(CA Group), and 18,52 ± 0,88 (MA + CA Group) - out of a maximum of 20. The 

number of students admitted under the undergraduate medical program was 237 

(82,3%) for the MA Group, 180 (82,9%) for the CA Group, and 89 (84.0%) for the 

MA + CA Group, as presented in Table 1. 

In Anatomy courses in previous academic years, the number of approved 

students in the previous Neuroanatomy course was 178 (82,0%), with a mean 

grade within approved students of 13,8 ± 2,30 for the CA Group and 51 (48,1%), 

with a mean grade within approved students of 11,5 ± 1,57 for the MA + CA 

Group. Further, the number of approved students in the previous Musculoskeletal 

Anatomy course was 147 (67,7%), with a mean grade within approved students 

of 12,6 ± 2,22 for the CA Group, as shown in Table 1. 

The number of approved students in the current Musculoskeletal Anatomy 

course was 124 (43,1%), with a mean grade within approved students of 12,2 ± 

2,03 for the MA Group and 58 (54,7%), with a mean grade within approved 

students of 12,7 ± 1,62 for the MA + CA Group. Furthermore, the number of 

approved students in the current Cardiovascular Anatomy course was 201 

(92,6%), with a mean grade within approved students of 15,4 ± 2,47 for the CA 
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Group and 83 (78,3%), with a mean grade within approved students of 13,9 ± 

2,50 for the MA + CA Group, as presented in Table 1. 

Finally, from the 15 available Musculoskeletal Anatomy training sessions, 

the MA Group students completed on average 10,6 ± 3,85 sessions and the MA 

+ CA Group students completed on average 8,8 ± 4,75 sessions. From the 12 

available Cardiovascular Anatomy training sessions, the CA Group students 

completed on average 9,2 ± 3,56 sessions and the MA + CA Group students 

completed on average 7,4 ± 3,62 sessions, as shown in Table 1. 

 

Table 1: Characteristics of participants (MA Group, CA Group and MA+CA Group).  

 

Variable MA Group 
(N = 288) 

CA Group 
(N = 217) 

 
MA+CA Group 

(N = 106) 
Female Gender, N (%) 188 (65.3) 131 (60.4) 80 (75.5) 

Age in years, mean (SD) 20.8 (4.35) 21.2 (3.43) 21.6 (3.73) 

Enrolling Program    

Undergraduate, N (%) 237 (82.3) 180 (82.9) 89 (84.0) 

Graduate, N (%) 51 (17.7) 37 (17.1) 17 (16.0) 

Admission Grade, mean (SD) 18.48 (9.99) 18.62 (10.17) 18.52 (8.80) 

Current Musculoskeletal Anatomy Course    

Approved, N (%) 124 (43.1) - 58 (54.7) 

Grade (within approved), mean (SD)  12.2 (2.03) - 12.7 (1.62) 

Current Cardiovascular Anatomy Course    

Approved, N (%) - 201 (92.6) 83 (78.3) 

Grade (within approved), mean (SD)  - 15.4 (2.47) 13.9 (2.50) 

Previous Neuroanatomy Course    

Approved, N (%) - 178 (82.0) 51 (48.1) 

Grade (within approved), mean (SD)  - 13.8 (2.30) 11.5 (1.57) 

Previous Musculoskeletal Anatomy Course    

Approved, N (%) - 147 (67.7) - 

Grade (within approved), mean (SD)  - 12.6 (2.22) - 
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Musculoskeletal Anatomy Training Sessions, 
mean (SD)  10.6 (3.85) - 8.8 (4.75) 

Cardiovascular Anatomy Training Sessions, 
mean (SD)  - 9.2 (3.56) 7.4 (3.62) 

 
N - number of students. 
SD - standard deviation. 
MA - musculoskeletal anatomy course 
CA - cardiovascular anatomy course 
a	- Admission grades vary between 9.5 and 20 in Portuguese higher education.   
 

 

Perception Towards CAL 

After the online steeplechase training sessions, the students showed 

better perception towards CAL training, as shown in Table 2, a trend that was 

observed in all three groups. Indeed, students’ perceptions improved in the MA 

Group (Satisfaction 1 vs. Satisfaction 2: Section I 17,60 ± 2.33 vs. 18,77 ± 2.55 

P < 0,001; Section II 38,30 ± 5.06 vs. 39,98 ± 4.97, P < 0,001; Section III 38,50 

± 5.14 vs. 40,30 ± 4.88, P < 0,001). Likewise, the students’ perception towards 

CAL training improved in the CA group (Satisfaction 1 vs. Satisfaction 2: Section 

I 18,44 ± 2,45 vs. 18,68 ± 2,77, P= 0,308, Section II 39,75 ± 5,00 vs. 41,00 ± 

4,26, P= 0,003, Section III 39,67 ± 4,65 vs. 40,60 ± 4.88, P =0,019). The same 

was observed for the MA + CA Group (Satisfaction 1 vs. Satisfaction 2: Section I 

18,17 ± 2,98 vs. 18,41 ± 2,48, P=0,537, Section II 37,40 ± 5,99 vs. 40,15 ± 4,52, 

P<0,001, Section III 38,06 ± 5.43 vs. 40,51 ± 4.78 , P=0,001). 

The evolution of student’s satisfaction between sessions was presented in  

Table 2. 
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Table 2: Delta Satisfaction score between sessions described in terms of 

mean and standard deviation in the MA Group (N= 288), CA Group (N=217) and 

in the  MA+CA Group (N = 106). 

 
N = number of students 
MA - musculoskeletal anatomy course 
CA - cardiovascular anatomy course 
a - Independent t-test, all the other variables are Pearson’s coefficient. 
b - Admission grades vary between 9.5 and 20 in Portuguese higher education. 
 

 

 

Perception Questionnaire 

Delta Satisfaction 

MA Group 

(N = 288) 

CA Group 

(N = 217) 

MA + CA group 

(N = 106) 

Mean score (± 
Standard Deviation) P-value Mean score (± 

Standard Deviation) P-value Mean score (± 
Standard Deviation) P-value 

Part I (Session 1) 
 
Part I (Session 2) 

17,60 (± 2.33) 
<0.001 

18,44 (± 2.45) 
0,308 

18,17 (± 2.98) 
0,537 

18,77 (± 2.55) 18,68 (± 2.77) 18,41 (± 2.48) 

Part II (Session 1) 
 
Part II (Session 2) 

38,30 (± 5.06) 
<0.001 

39,75 (± 5.00) 
0,003 

37,40 (± 5.99) 
<0.001 

39,98 (± 4.97) 41,00 (± 4.26) 40,15 (± 4.52) 

Part III (Session 1) 
 
Part III (Session 2) 

38,50 (± 5.14) 
<0.001 

39,67 (± 4.65) 
0,019 

38,06 (± 5.43) 
0,001 

40,30 (± 4.88) 40,60 (± 4.88) 40,51 (± 4.78) 
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Correlation Between Perception Score and Students Characterization 

Features    

Delta Satisfaction score showed a small positive correlation with the 

Musculoskeletal Anatomy training sessions in the MA Group (r = 0.259, P < 

0.001) and a moderate positive correlation in the MA + CA Group (r = 0.366, P < 

0.001). It also showed a small positive correlation with the Cardiovascular 

Anatomy training sessions CA Group (r = 0.198, P = 0.003), as shown in Table 

3. 

Out of the anatomy courses performance, no statistically significant 

associations were found in all groups between Delta Satisfaction scores and the 

other variables in study, as presented in Table 3. 

Table 3: Correlation coefficients between Delta Satisfaction Score and the other variables 

in analysis in the MA Group (N= 288), CA Group (N=217) and in the  MA+CA Group 

(N = 106). 

 

Association model variables 

Delta MRT 

MA Group 

(N = 288) 

CA Group 

(N = 217) 

MA + CA group 

(N = 106) 

Association  P-value Association  P-value Association P-value 

Musculoskeletal Anatomy 
Training Sessions (number of 
sessions)  

0.259 <0.001 - 0.366 <0.001 

Cardiovascular Anatomy Training 
sessions (number of sessions) - 0.198 0.003 0.189 0.059 

Previous Musculoskeletal 
Anatomy Course (mean grade) - -0.060 0.390 - 

Previous Neuroanatomy Course 
(mean grade) - 0.050 0.476 0.163 0.128 

Current Musculoskeletal Anatomy 
Course (mean grade) 0.101 0.101 - 0.138 0.177 
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N = number of students 
MA - musculoskeletal anatomy course 
CA - cardiovascular anatomy course 
a - Independent t-test, all the other variables are Pearson’s coefficient. 
b - Admission grades vary between 9.5 and 20 in Portuguese higher education. 
 

 

Multiple Linear Regression Models  

The multiple linear regression model of the MA Group showed that the 

Delta Satisfaction Score was significantly associated to Musculoskeletal Anatomy 

Training Sessions (P < 0.001). Other variables did not appear to be statistically 

significantly related with the Delta Satisfaction Score, as shown in Table 4. 

A similar trend was observed in the CA Group. In this case, the multiple 

linear regression models showed that the Delta Satisfaction was statistically 

related to Cardiovascular Anatomy Training Sessions (P = 0.008), while the other 

variables weren’t statistically related with the Delta Satisfaction Score, as shown 

in Table 4. 

Current Cardiovascular Anatomy 
Course (mean grade) - 0.143 0.037 0.177 0.034 

Gendera - - - 

Female 7.00 (±16.91) 

0.591 

4.40 (± 17.47) 

0.102 

9.57 (± 20.27) 

0.440 
Male 5.59 (±17.48) 1.98 (± 13.75) 1.08 (± 22.72) 

Age (years) - 0.104 0.080 0.066 0.337 - 0.002 0.988 

Admission Grade (mean grade)b   - 0.026 0.660  0.009 0.890 0.007 0.945 

Enrolling Programa - - - 

Undergraduate 
7.38 (± 
16.52) 

0.330 

2.71 (± 15.54) 
0.469 

7.15 (± 21.81) 
0.167 

Other 
2.29 (± 
19.28) 3.49 (± 18.71) 9.00 (± 17.74) 
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Finally, the multiple linear regression model for the MA + CA Group didn’t 

show any association between the variables of study and Delta Satisfaction 

Score, as shown in Table 4. 

 

 

 

Table 4: Multiple linear regression models for Delta Perceptions Score  in the MA Group 

(N= 288), CA Group (N=217) and in the  MA+CA Group (N = 106). 

 

Regression model variables 
MA Group CA Group MA + CA Group 

R2 =0.085 / Ra2 = 0.064 R2 = 0.071 / Ra2 = 0.033 R2 = 0.151 / Ra2 = 0.032 
β 95% CI P β 95% CI P β 95% CI P 

Musculoskeletal Anatomy Training 
Sessions (number of sessions) 2,101 1,163 3,039 < 0.001 - - - - 1,396 -0,471 3,262 0,140 

Cardiovascular Anatomy Training 
Sessions (number of sessions) - - - - 1,278 0,342 2,214 0.008 0,950 -1,412 3,313 0,425 

Current Musculoskeletal Anatomy 
Course (mean grade) 

-
1,068 -1,952 -0,184 0,018 - - - - -0,125 -2,214 1,964 0,905 

Current Cardiovascular Anatomy Course 
(mean grade) - - - - 0,000 -1,050 1,049 1,000 -1,214 -3,381 0,953 0,267 

Previous Musculoskeletal Course (mean 
grade) - - - - -0,603 -1,471 0,265 0,172 - - - - 

Previous Neuroanatomy Course (mean 
grade) - - - - 0,209 -0,690 1,109 0,647 1,724 -0,632 4,080 0,149 

Gender [male/female] 0,093 -3,984 4,170 0,964 -0,009 -4,609 4,590 0,997 -6,452 -17,027 4,123 0,227 

Age (years) -
0,497 -1,464 0,470 0,312 0,118 -0,998 1,234 0,835 -0,578 -3,466 2,310 0,691 

Admission Grade (mean grade)a -
0,007 -0,029 0,014 0,502 0,005 -0,017 0,027 0,656 -0,521 -1,828 0,786 0,429 

Enrolling Program 
[Undergraduate/Other] 4,456 -6,823 15,734 0,437 1,268 -7,738 10,274 0,782 -4,074 -31,844 23,696 0,770 

 
MA - musculoskeletal anatomy course 
CA - cardiovascular anatomy course 
a - Admission grades vary between 9.5 and 20 in Portuguese higher education. 
P - P-value 
 

 

DISCUSSION 

The current paradigm of modern education advocates the importance to 

framework students’ profile and features related to their learning process (Eleazer 
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and Scopa Kelso 2018; Hernandez-Torrano et al. 2017; Quinn et al. 2018). In 

fact, that thought is in line with Learning Analytics principles. Learning Analytics 

promotes the collection and analysis off all the data related to students’ learning 

process, such as academic performance, environment, academic background, 

satisfaction with learning methods and even personal features (as age and 

gender), in order to comprehensively understand the learning process, optimize 

it and personalize it to each learner (Siemens 2013; Simon Buckingham and 

Rebecca 2012). 

The computerized methodologies of learning and assessment simplify the 

collection and analysis of the learning and assessment processes (Shaikh et al. 

2017). In that sense, isn’t surprising that the current context of Anatomy 

education is characterized by the implementation of CAL and CBA pedagogical 

strategies.  

While implementing a new pedagogical strategy, educators should assess the 

satisfaction towards it, since the acceptance of the pedagogical intervention by 

learners is correlated with their perceptions (Yilmaz 2017).  

To the authors’ knowledge, despite few attempts (Chimmalgi et al. 2017; 

Eagleton 2015b), none evaluated directly the impact that the training with CAL in 

anatomy have on satisfaction levels.  

In this sense, the present study supports that the use of CAL platforms in anatomy 

for training purposes contributes to the improvement Satisfaction. Moreover, it 

suggests that training with CAL platforms has a direct dose-dependent influence 

on students’ satisfaction improvement. 
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Students´ satisfaction improvement 

All the groups involved in this study significantly improved their perception after 

the implementation of the CAL training sessions. These results are aligned with 

the evidence found in other studies, in which the training in the field of anatomy 

was associated with the consequent improvement in students’ perception (Eladl 

et al. 2019). 

These results are also aligned with the evidence in fields other than Anatomy, 

which showed association between the use of CAL and improvement to students’ 

perceptions towards this learning environment (Eagleton 2015). 

Ultimately, the satisfaction with the education environment will be correlated with 

the students’ academic performance and knowledge acquisition (McNulty et al. 

2009). Therefore, the present results incentivize educators to implement CAL 

earlier in the learning environment, with the objective to improve the learners’ 

acceptance.  

 

Variables that Correlate with Satisfaction improvement  

In the analyzed groups, the main correlation was observed towards the number 

of training sessions. Indeed, the results shown that the volume of training was 

the most relevant factor in students’ perceptions, in comparison to the other 

variables such as academic background or personal features (like gender or 

age). These observations support that subsequent pedagogical interventions 

with CAL in the anatomy field should consider the amount of training as the main 

concern in order to achieve students’ satisfaction towards it.  
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As in the case of other reports (Mathiowetz et al. 2016), the presented study 

found a correlation between satisfaction and academic performance in the 

Cardiovascular Anatomy Course. Nonetheless, this correlation wasn’t consistent 

since it was absent in the Musculoskeletal Anatomy Course and in the 

Neuroanatomy Course like in other reports (Topping 2014).  

 

Dose-dependent Effect of CAL Training Sessions on Students’ Satisfaction 

The multiple linear regressions analyzed supported the previous 

observations. As a matter of fact, the improvement in satisfaction levels were 

positively associated with the amount of training, in MA Group and in CA Group.  

Hence, the results support that, after a first positive perception towards the 

implementation of a CAL pedagogical solution, the amount of relevant training 

provided in this environment, will become the best predictor to the perceptions 

improvement towards CAL, and consequently its acceptance. 

 

Limitations of this study 

The main challenge of the presented study design was to control the 

confounding factors that might influence satisfaction, such as students’ learning 

commitment and motivation, as well as the amount of training and study executed 

by the students, besides the one provided by the CAL platform. To address this 

issue, students’ academic background (as enrollment program and previous 

anatomy courses performances) was incorporated in the multiple linear 

regression models conducted. These models showed, no association between 

anatomy courses performance and perceptions improvement.  
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Furthermore, the study design didn’t incorporate a traditional control 

group. This decision was taken taking in consideration ethical concerns regarding 

the availability of a pedagogical tool to all students. In fact, at the time of the 

implementation of the CAL, teaching staff believed that it might contribute to 

improvement of anatomy knowledge. Additionally, the educators took in 

consideration the voluntary nature of students’ participation in the study. 
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CONCLUSION 

A reflection on the impact that training with a CAL platform, in Anatomy, 

has on medical students’ satisfaction towards an online computerized learning 

environment. The results demonstrate that the amount of training and familiarity 

with CAL has, as consequence, an improvement in the satisfaction towards this 

environment and that this improvement was dose-dependent, i.e. the amount of 

training through CAL was related with a larger improvement of the positive 

perceptions.  

The influence of technology in the learning and assessment processes in 

anatomy is unquestionable. The widespread use of these pedagogical strategies 

increases the potential to collect data, and consequently analyze it, according to 

the Learning Analytics’ principles.  

Along with academic performance, skills and learning methods, 

perceptions should be taken in consideration to define students’ learning profiles. 

The comprehension of these learning profiles is essential to improve knowledge 

acquisition and educational outcomes in Anatomy education, as well as in 

Medical education. 
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