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Resumo 

 

O ensino de anatomia enfrenta desafios crescentes. Este contexto favorece a introdução 

de novas abordagens pedagógicas baseadas na computer-assisted learning (CAL). Esta 

abordagem fornece informações sobre os perfis de aprendizagem dos estudantes e 

características que estão correlacionados com a aquisição de conhecimento anatómico. 

O objetivo deste estudo é perceber a influência do estudo de anatomia através de CAL na 

performance académica, e caracterizar a literacia computacional e uso de computador 

dos estudantes. Um total de 671 estudantes de medicina frequentando as disciplinas de 

Anatomia musculo-esquelética (MA) e cardiovascular (CA), foram colocados em um de 

três grupos (grupo MA, grupo CA, grupo MA+CA). O uso do computador e internet com 

objetivos pedagógicos foi ubíquo entre os estudantes participantes, mas estes 

apresentaram atitudes positivas perante e-learning, considerando que a computer-

assisted learning favorece o processo de aprendizagem. A performance académica na 

disciplina Anatomia musculo-esquelética nos grupos MA (r = 0.761, p<0.001) e MA+CA (r 

= 0.786, p < 0.001), e na disciplina anatomia cardiovascular nos grupos CA  (r = 0.670, p 

< 0.001) e MA+CA (r = 0.772, p < 0.001), mostrou uma grande correlação positiva com o 

número de sessões de treino CAL. Múltiplos modelos de regressão linear foram 

realizados, considerando a performance académica, quer em anatomia 

musculosquelética, quer em anatomia cardiovascular, como variável dependente. Foi 

observada uma associação entre a quantidade de treino CAL e a performance 

académica. Estes resultados sugerem que o treino CAL em anatomia tem um efeito 

positivo dose-dependente na performance académica em anatomia. Perceber os perfis 

de aprendizagem dos estudantes, características individuais e experiência académica, 

contribui para a otimização do processo de aprendizagem. 

Palavras-chave: educação médica; educação pré-graduada; perfis de aprendizagem; 

performance académica em anatomia; computer-assisted learning; computer-assisted 

training; análise de aprendizagem 
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Abstract  

 

Anatomy education is facing increasing challenges. This context is contributing to the 

introduction of new pedagogical approaches based on computer-assisted learning (CAL). 

This approach provides insight into students’ learning profiles and features that are 

correlated with anatomy knowledge acquisition. The objective of this study was to 

understand the influence of anatomy CAL training on academic performance as well as to 

characterize the students’ computer literacy and computer usage. 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). The use of 

computer and internet for pedagogical purposes was ubiquitous among the study 

participants, while the students presented positive attitudes towards e-learning, 

considering that CAL favors learning process. Musculoskeletal and Cardiovascular 

Anatomy academic performance in both MA Group (r = 0.761, p < 0.001) and MA+CA 

Group (r = 0.786, p < 0.001) and in both CA Group (r = 0.670, p < 0.001) and MA+CA 

Group (r = 0.772, p < 0.001) respectively, showed a large positive correlation with the 

number of CAL training sessions. Multiple linear regression models were done 

considering either Musculoskeletal or Cardiovascular Anatomy academic performance as 

dependent variable. An association between Anatomy academic performance and the 

amount of CAL training was observed. The results suggest that CAL training in Anatomy 

has positive dose-dependent effect on Anatomy academic performance. Understanding 

students’ learning profiles, individual features and academic background both contribute 

to the optimization of the learning process.  

 

Key words: medical education; undergraduate education; learning profiles; anatomy 

academic performance; computer-assisted learning; computer-assisted training; learning 

analytics. 
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Introduction 
 

Technology is becoming a part of modern Medicine, influencing the medical 

practice, research and learning process [1-4] . As consequence, Medical Education has 

been adapting and introducing technology in its processes.  

The role of technology in Medical Education: the Case of Anatomy 

The introduction of technology serving pedagogical purposes in Medical Education 

was favored by the medical curriculum reforms [5-7]. In this scenario, traditional core 

medical fields have been experiencing new challenges, such as the decrease in the 

curricular time devoted to teaching and insufficient logistical resources [8-12]. Anatomy, a 

traditional core basic science in Medical Curriculum, is a paradigmatic example of the 

influence of technology in its teaching approach. Indeed, besides the aforementioned 

challenges, the technological development in human body visualization promoted in 

clinical practice (namely by the collection of images using magnetic resonance imaging 

(MRI), computed tomography (CT), ultrasound and the introduction of laparoscopic and 

endoscopic procedures in the diagnostic/therapeutic medical and surgical approaches) 

heavily impacted Anatomy’s current pedagogical perspective [12-14].  

At pedagogical level, among others, technology promoted the implementation of 

intelligent tutoring systems, learning management systems and simulation systems [15-

17].  In a broader sense, the stated pedagogical approaches can be characterized as 

computer-assisted learning (CAL) – teaching/learning methodologies supported by 

computerized platforms which enhance students learning experience [18, 19] and 

computer based assessment (CBA) – assessment of students’ knowledge through 

computerized simulation environments  [20-23]. CAL approaches have been associated 

with the enhancement of problem solving skills [11, 24], independent and flexible learning 

[11] and reduction of the logistics and costs associated with traditional learning methods 

[25]. Also, CBA platforms have been gathering students’ satisfaction, without 

compromising their performance when compared with traditional assessment methods [9, 

21]. Furthermore, both CAL and CBA platforms allow the easy incorporation of medical 

imaging, endoscopic and laparoscopic films, promoting a more clinically oriented 

perspective about the human body anatomy [11, 26].  

In parallel, CAL and CBA provide the framework to better understand learners and 

their learning process [27]. In fact, every action or step during the learning process leaves 

a trace or footprint. This information can be easily gathered by CAL and CBA according to 

the Learning Analytics’ principles. Learning Analytics advocates the measurement, 
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collection, analysis, and reporting of data about learners and their contexts, in order to 

understand and optimize the learning process so as to enhance/personalize the learning 

experience   [28, 29].  

 

The impact of Computer-assisted learning in learners’ performance 

 

As previous mention, the pedagogical context favored the implementation of new 

complementary pedagogical approaches, as CAL [9, 30]. More recently, the focus has 

been on evaluating, not only students’ preferences and attitudes towards the new 

pedagogical approaches, but the effectiveness of CAL in contribution for the learning 

process [31-33].   

Studies in different academic fields of knowledge have evaluated the impact of 

CAL in students’ academic performance. When combined with face-to-face teaching, 

some studies showed that CAL is associated with an improved retention of contents [34, 

35], better attitudes towards the subject matter, increase in students’ satisfaction, and 

better achievements on exams [34-36]. In Anatomy field, some studies showed that 

students who used CAL or web-based resources more frequently, obtained better 

performances on exams compared with students that had never accessed these 

resources [36-38].  Furthermore, in Neuroanatomy, Arantes et al. [39] found that CAL 

training contributed to improve academic performance, while learners expressed positive 

attitudes towards these tools.  

Nevertheless, some studies didn’t show positive evidence regarding the impact of 

CAL training in academic performance, neither in other pedagogical fields [40], nor in 

Anatomy [41-43]. 

 

How to favor the adoption of CAL: the importance of the perception and skills 

correlated with computer literacy  

 

Despite CAL being regarded as a positive complementary pedagogical approach 

to traditional learning approach [44-48], the lack of computer literacy impacts students’ 

perception on CAL. Indeed, students with poor computer skills have shown a trend toward 

considering that e-learning isn’t more than the distribution of notes through the internet, 

revealing the absence of students’ knowledge on the potential of CAL [44]. This 

perception changes as students acquire computer skills [44, 49]. Indeed, the previous 

experience with computers and e-learning has a big effect on students’ perceptions 

regarding  computer-assisted learning [48].   
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In overview, computer literacy is the collection of skills relating to the use of 

information and communication technology [50]  and it also involves knowledge related to 

basic operating systems functions and skills necessary to perform tasks in word 

processing, databases, spreadsheets, generic data management and communication 

applications as well as search strategies [51]. In that sense, to improve the adherence to 

CAL and CBA medical courses have been increasingly concerned with the improvement 

of students’ computer literacy [47, 51-53]. 

 

Anatomy Courses at the Faculty of Medicine, University of Porto 

 

Anatomy education in the Faculty of Medicine, University of Porto (FMUP) is 

distributed throughout the first two years of the medical curriculum. Anatomy courses are 

integrated with Physiology and Histology courses.  

Since the Medical curricular reform in 2013, Anatomy courses at FMUP suffered a 

significant reduction in their contact hours, from 309 to 180.5 hours [9]. Hence, cadaveric 

dissection was 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 [54], further 

contributing to these logistical restrains.  

The current curriculum organization of Anatomy courses in FMUP integrates the 

Musculoskeletal Anatomy course and Neuroanatomy course, respectively in the first and 

second semesters of the first year. In the second year, students take the Cardiovascular 

Anatomy and Endocrine/Reproductive Anatomy courses in the first semester. Digestive 

system Anatomy, Respiratory/Urinary Anatomy and Integrative Anatomy courses are 

taken in the second semester.  

Each course is composed by theoretical and practical lessons. The 

Musculoskeletal Anatomy course lasts for 9 weeks while the Cardiovascular Anatomy 

course takes 14 weeks. . The total contact hours in Musculoskeletal Anatomy is 46.5 

hours, versus 24 hours in Cardiovascular Anatomy. Theoretical focus is placed on the 

general Anatomy principles, the correlations and the functionalities of anatomical 

structures 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 incorporates 4 one-hour long theoretical sessions and 

17 practical exercises, each 2.5 hours long. This course focuses on the human bones, 

muscles and joints - except for the bones and muscles of the head that are object of study 

in Neuroanatomy - the general principles of movement, the superficial Anatomy and 

clinical knowledge regarding the musculoskeletal system. The Cardiovascular Anatomy 
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course includes two theoretical sessions (1 hour long), and 11 practical exercises, each 2 

hours long. This course focuses on the heart and arterial/venous blood vessels’ anatomy 

and correlations, as well as anatomy clinical knowledge related with the cardiovascular 

system. 

By the end of the courses, students are subjected to the final assessment, which is 

composed by theoretical and practical examinations. The practical assessment is based 

on a short-answer steeplechase examination, in which a sequence of pin-pointed 

cadaveric anatomical structures is presented, for the purpose of students correctly 

identifying the pointed anatomical structure. 

In order to address the challenges created by the anatomy courses reform in 

FMUP, a CBA platform (VIMU) was implement with the intent to reduce the logistical 

burdens associated with the assessment process [9, 55]. Based on the previous 

experiences, VIMU was 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, a study was conducted to evaluate the impact of the training with 

the CAL platform on the anatomy academic performance of medical students. Indeed, the 

present study aims to assess the potential dose-dependent effect between students’ 

academic performance and frequency of training with the CAL platform. Additionally, we 

intended to characterize the students’ computer literacy and computer usage, while 

correlating that with students’ adherence to the training session.  
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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 this case was divided in the usual 1) 

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 raised in Porto, Portugal, 2012, under the jurisdiction of FMUP’s 
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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 [9]. 

VIMU has several modules. 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 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. Indeed, 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’ computer literacy and attitudes towards computer-based learning were also 

accessed through the completion of the evaluation questionnaire "Computer-based 

learning" [48].  

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.  
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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. Photographs of cadaveric material were collected 

with high-resolution cameras (in different perspectives) and then treated in image editor 

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 sessions 

per day, during 24 hours at 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 completed 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, anatomy courses assessment performance was analyzed. 

 

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

 

Computer-based Learning Questionnaire 

 

Students’ computer literacy and demographic was assessed through the 

Computer-based learning questionnaire (in appendix) [48]. An adapted short-version of 

this questionnaire was applied. It was constituted by 3 groups, designed to collect 

information about: attitudes and previous experiences with e-learning; computer usage 

and access to a computer and internet.   

To evaluate attitudes towards e-learning, the students were to indicate their degree 

of agreement with each statement about the importance of computer and communication 
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technologies (ICT) in Medical Education, on an 8-point likert type scale, ranging from 1 

(completely disagree) to 8 (completely agree). These statements contained items such as 

“E-learning should be nothing more than the distribution of notes over the Internet” and 

“Web-based learning programs are able to replace lectures”. Previous contact with e-

learning was evaluated through a multiple-choice question, in which students had to 

indicate the different e-learning programs they had already contacted with. There was also 

a question with similar items where students have to selected which of the learning 

support programs they considered most useful, based on their experiences. Some of the 

programs were “forums for communicating with other students”, “learning management 

systems”, “quizzes” and “simulations”, among others. 

In order to assess computer usage and access to a computer and internet 

students indicated the frequency (daily, several times a week, several times a month, less 

often or never) in which they used the computer for some tasks, like “Organize 

appointments, tasks, and notes”, “Create spread sheets or perform calculations”, “send 

emails”, among others. 

Students’ private computer infrastructure and their internet access were also 

evaluated, in multiple-choice questions. 

 

Statistical Analysis 

 

All data analyses were undertaken using the Statistical Package for Social 

Sciences (SPSS®), version 22.0 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. 

Computer literacy features were described in relative frequencies. The agreement 

with the use of CAL in Anatomy was described in terms of mean and standard deviation. 

The agreement with the use of CAL was then compared between MA Group, CA Group 

and MA+CA Group. Differences among the experimental groups, regarding attitudes 

towards e-learning were evaluated with the use of an analysis of variance (ANOVA), 

followed by the independent sample t-test, when findings with the ANOVA model were 

significant. Cohen’s d examined the effect size of the agreement with the use of CAL 
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difference between groups, using the mean scores and standard deviations of both 

groups [56]. For the purpose of interpretation, the effect size’s cut offs were considered as 

defined by Cohen (1988) and Sawilowsky [56, 57].  

The Anatomy academic performance scores obtained were described in terms of 

mean and standard deviation. Pearson’s correlation coefficient (r) was used to assess the 

correlation between the anatomy academic performance score and the number of 

Musculoskeletal Anatomy Training Sessions and Cardiovascular Anatomy Training 

Sessions performed. In addition, anatomy academic performance score was correlated 

with the classifications in the previous academic years’ anatomy courses, as well as the 

students’ age and admission grades. Cohen’s standard [58] 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 [58]. The association 

between the anatomy academic performance and students’ gender, and the type of 

enrolling program was assessed through independent sample t-test. Cohen’s d examined 

the effect size of the anatomy academic performance using the mean scores and 

standard deviations each group [56]. Cohen’s d examined the effect size of the anatomy 

academic performance, using the mean scores and standard deviations, of each group 

[56]. For the purpose of interpretation, the effect size’s cut offs were considered as 

defined by Cohen (1988) and Sawilowsky [56, 57]. 

Multiple linear regressions were used to identify the variables associated with 

anatomy academic performance score (dependent variable). The covariates used the 

model were: the number of Musculoskeletal Anatomy Training Sessions and 

Cardiovascular Anatomy Training Sessions performed, the students’ age, gender, 

admission grades and the type of enrolling program, and for the cases of the CA and the 

MA + CA Group the classifications in the anatomy courses of previous academic years.  

 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 B 

value) units of the anatomy academic performance. 
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Results 
 

Characteristics of participants 

 

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

were distributed in the MA Group (288 students), CA Group (217 students) and MA + CA 

Group (106 students). All the 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%)]. The mean 

age of the participants was 20.8 ± 4.35 (range of 18 to 40 year-old) for the MA Group, 

21.2 ± 3.43 (range of 19 to 42 year-old) for the CA Group, and 21.6 ± 3.73 (range of 19 to 

39 year-old) for the MA + CA Group, as shown in Table I.  

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). 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 I. 

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. Furthermore, 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 I. 

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. Additionally, 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 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 I. 

 

Computer literacy characterization  

 

As expected, the results showed that all the students had access to a computer 

with Internet access in all the MA Group (100%) and in CA Group (100%) and in the 

MA+CA Group (100%). Moreover, in all groups, the majority of the students used 

computers with less than five years (that corresponds to the general life span of the 
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personal computer [59]) - MA Group (87,4%) and in CA Group (81,5%) and in the MA+CA 

Group (88,4%). 

The average age that students started using computer for the first time was 7.43 ± 

0.142 (range of 2 to 16 year-old) for the MA Group, 7.73 ± 0.162 (range of 3 to 17 year-

old) for the CA Group, and 7.76 ± 0.246 (range of 3 to 16 year-old) for the MA+CA Group. 

Furthermore, the majority of students uses computer for learning purposes. In fact, at 

least once per month, the majority of students: search on the internet for relevant 

webpages – MA Group (93,5%) and in CA Group (98,6%) and in the MA+CA Group 

(99,0%), download notes or similar items from the Internet – MA Group (78,5%) and in CA 

Group (93,5%) and in the MA+CA Group (92,3%). Despite not as frequently, a significant 

percentage of students, on a monthly basis, accessed the learning management system – 

MA Group (31,1%) and in CA Group (39,6%) and in the MA+CA Group (51,0%), or the 

use of CAL programs – MA Group (31,6%) and in CA Group (50,7%) and in the MA+CA 

Group (56,7%). 

Generally, the animations or videos – MA Group (15,6%), CA Group (19,8%) and 

MA+CA Group (22,6%) - computerized simulation assessment environments system – MA 

Group (16,7%), CA Group (12,0%) and MA+CA Group (21,7%) -  and online quizzes 

system – MA Group (18,1%), CA Group (26,7%) and MA+CA Group (20,8%) - were 

identified as the most useful CAL pedagogical resources.     

The level of agreement towards the use of CAL (Group III of the questionnaire) 

only showed differences in question 2 (MA: 3.26 ± 1.673 vs. CA: 3.85 ± 1.752 vs. MA+CA: 

4.00 ± 1.740; p < 0.001), namely between MA Group and both other groups (MA: 3.26 ± 

1.673 vs. CA: 3.85 ± 1.752; p < 0.001, Cohen’s d = 0.346) (MA: 3.26 ± 1.673 vs. MA+CA: 

4.00 ± 1.740; p = 0.001, Cohen’s d = 0.434), as showed in figure 2. No statistically 

significant differences were found between the group for the other questions: Q1 (MA: 

5.58 ± 1.496 vs. CA: 5.42 ± 1.375 vs. MA+CA: 5.60 ± 1.452; p = 0.421), Q3 (MA: 2.12 ± 

1.420 vs. CA: 2.27 ± 1.341 vs. MA+CA: 1.95 ± 1.272; p = 0.131), Q4 (MA: 6.77 ± 1.445 

vs. CA: 6.48 ± 1.407 vs. MA+CA: 6.55 ± 1.600; p = 0.079), Q5 (MA: 3.12 ± 1.704 vs. CA: 

2.64 ± 1.452 vs. MA+CA: 2.92 ± 1.728; p = 0.152) and Q6 (MA: 3.90 ± 1.980 vs. CA: 3.78 

± 1.864 vs. MA+CA: 4.33 ± 2.102; p = 0.060), as showed in figure 2. 

 

Correlation between CAL and performance in Anatomy courses 

 

The Musculoskeletal Anatomy academic performance in the MA Group showed a 

large positive correlation with the number of Musculoskeletal Training sessions (r = 0.761, 

p < 0.001), a small positive correlation with the Admission Grade (r = 0.194, p = 0.003) 

and a small negative correlation with students’ age (r = -0.136, p = 0.025). Similarly, 
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Musculoskeletal Anatomy academic performance in the MA + CA Group showed a large 

positive correlation with the amount of Musculoskeletal Training sessions (r = 0.786, p < 

0.001). Also, the female students in MA + CA Group showed better Musculoskeletal 

Anatomy academic performance (10.92 ± 3.32 vs. 8.95 ± 4.09) with a medium effect size 

(p = 0.028; Cohen’s d = 0.528), as presented in Table II. 

The Cardiovascular Anatomy academic performance in the MA Group showed a 

large positive correlation with the number of Cardiovascular Training sessions (r = 0.670, 

p < 0.001), a medium positive correlation with the previous Neuroanatomy academic 

performance (r = 0.439, p < 0.001) and a small positive correlation Musculoskeletal 

academic performance (r = 0.294, p < 0.001). Also, the male students in CA Group 

showed better Cardiovascular Anatomy academic performance (15.47 ± 3.04 vs. 14.48 ± 

3.20) with a medium effect size (p = 0.028; Cohen’s d = 0.325). Similarly, Cardiovascular 

Anatomy academic performance in the MA + CA Group showed a large positive 

correlation with the amount of Musculoskeletal Training sessions (r = 0.772, p < 0.001) 

and a medium positive correlation with the previous Neuroanatomy academic 

performance (r = 0.442, p < 0.001), as presented in Table III.  

 

Multiple Linear Regression Models 

 

For both MA group and MA + CA group, the multiple linear regression models 

showed that the Musculoskeletal Anatomy academic performance was significantly 

associated with the number of Musculoskeletal Anatomy Training Sessions (p < 0.001). In 

both groups, the other variables didn’t appear to be significantly related with 

Musculoskeletal Anatomy academic performance. The presented model explained for 

almost 60% of the variation of the Musculoskeletal Anatomy academic performance in 

either MA Group and MA + CA Group, as shown in Table IV. 

Similar trend was observed for both CA Group and MA + CA Group regarding 

Cardiovascular Anatomy academic performance. Indeed, for these groups the multiple 

linear regression models showed that the Cardiovascular Anatomy academic performance 

was significantly associated with the number of Cardiovascular Anatomy Training 

Sessions (p < 0.001). Also, in both cases, Cardiovascular Anatomy academic 

performance was significantly associated with previous Neuroanatomy academic 

performance (CA Group: B = 0.259, p<0.001; MA + CA Group: B = 0.393, p = 0.001). In 

the case of the CA Group, Cardiovascular Anatomy academic performance was also 

significantly associated with students’ gender (B = 0.755, p = 0.006). The other variables 

didn’t appear to be related with the performance in the Cardiovascular Anatomy academic 

performance. The presented model explained for more than 50% and 60% of the variation 
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of the Cardiovascular Anatomy academic performance in CA Group and MA + CA Group 

respectively, as shown in Table V. 
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Discussion  
 

Understanding the influence of students’ profiles and features in the learning 

process is essential for modern education [60, 61]. Indeed, these principles are on the 

basis of the Learning Analytics [28, 62]. Learning Analytics advocates the collection, 

measurement and analysis of the growing quantity of data regarding not only students’ 

performance, but also their cognitive profiles and background [29, 62]. Ultimately, its goal 

is to interpret students’ learning progression, and how to contribute to the optimization and 

personalization of the learning process [62].  

In the current anatomy education context, different studies revealed the influence 

that the training with CAL has on Anatomy academic performance [36-38]. Nevertheless, 

to the authors’ knowledge, despite few attempts, no study quantified the impact that the 

training with CAL in Anatomy has in comparison with other features that might affect the 

academic performance outcome. Contemplating this information is very relevant, not only 

to implement, but also to evaluate the pedagogical interventions. In this sense, the 

present study supports that the use of CAL platforms in Anatomy for training purposes 

contributes to the improvement of anatomy academic performance. Moreover, it suggests 

that training with the CAL platforms has a direct dose-dependent influence on students’ 

anatomy academic performance, presenting likewise a larger influence than other features 

of students’ background. 

 

Students’ Computer Literacy and Perspectives 

 

As expected, all the students reported to have access to both computer and 

Internet. As a matter of fact, computerized resources are becoming ubiquitous among the 

newest generation of medical students, and particularly in Anatomy field [9, 10, 13]. This 

context underlines a huge opportunity to the implementation of e-learning systems in 

anatomy education, particularly in FMUP, due to the recent challenges imposed by the 

reforms in medical curriculum, the reduction in teaching time, and also the increase in the 

number of students in Portuguese medical schools. 

In this regard, it is relevant to analyze students’ computer literacy, since it is being 

described as an important factor influencing their attitudes towards new learning 

environments [63, 64]. The found results suggest that students’ computer literacy wasn’t 

the limiting factor for the implementation and consequent use of the CAL platform in 

Anatomy. This observation was similar to other studies - in fact, some studies have shown 

that students are able to adopt new technologies in their learning quite easily, even if they 

are not familiar with these educational technologies [36, 65].  
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On other hand, as previously described [66-68], it is relevant to assess students’ 

perceptions towards CAL in Anatomy, in order to guarantee a successful implementation 

of these pedagogical approaches [63].  

In line with the findings described in other reports regarding anatomy field, the 

results showed that students presented positive attitudes towards e-learning, considering 

that it favors their learning process [49, 66, 67, 69]. Moreover, the overall acceptance 

towards CAL was independent of the course in analysis, in line with the findings described 

in other reports regarding Anatomy field. 

 

Variables that correlate with Anatomy academic performance  

 

In the analyzed groups, the main correlation observed was between Anatomy 

academic performance and the correspondent training sessions attended. Indeed, this 

result reflects the importance of the amount of training over the other examined features 

like age, gender or enrollment background, and even Anatomy academic background. 

These results are in agreement with the literature [34-36]. These findings 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 an improvement in Anatomy 

academic performance.  

Also, the previous Anatomy courses academic performances, namely 

Neuroanatomy course performance, were positively correlated with the evaluated 

Anatomy academic performance, which is similar to what was observed in other study 

[70], reflecting the importance that the previous academic performance background has 

on predicting the performance outcome, namely in Anatomy cases.  

The remaining analyzed variables haven’t showed to be consistently correlated 

with academic performance across all groups. Therefore, even if punctual correlations 

between Anatomy academic performance and features as gender, age, and previous 

academic background (admission grade and enrolling program) might be found, they don’t 

seem to condition the academic performance in the same extent as the CAL training. 

These results come in line with the observed in a previous study from this group, which 

showed that the improvement in spatial abilities, a fundament skill to Anatomy learning 

[71], was mostly correlated with Anatomy CAL training, while the other variables, didn’t 

show to have influence [55]. 
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Dose-dependent effect of Anatomy CAL training sessions in the spatial abilities  

 

The multiple linear regressions models supported the previous observations. As a 

matter of fact, CAL training sessions were positively associated with the Anatomy 

academic performance in all groups. Likewise, previous academic performance in other 

anatomy courses (in the case Neuroanatomy course) showed positive association with the 

Cardiovascular Anatomy academic performance. However, this observation wasn’t 

consistent, since Musculoskeletal Anatomy academic performance in MA+CA Group 

didn’t show the same association. Similar findings were observed regarding gender: in the 

case of the CA Group, it showed association with Anatomy academic performance, while 

this association wasn’t found neither in MA Group or in MA + CA Group. 

The sustainability of the coefficient of determination (R-squared) across the 

different models and the expressive percentage of the response variable variation that is 

explained in the presented models (between 50 and 65%), supports the use of these 

models and the variables in analysis for measuring the factors that impact Anatomy 

academic performance.  

The presented models emphasize the role that the CAL training sessions have on 

Anatomy academic performance. Furthermore, for each group, the models gave a sense 

of a dose-dependent effect between the number of training sessions performed and 

improvement in academic performance. Indeed, each Musculoskeletal Anatomy CAL 

training session attended reflected an enhancement of 0.789 for the MA Group and 0.687 

for the MA + CA Group in Musculoskeletal Anatomy academic performance, while each 

Cardiovascular Anatomy CAL training session attended reflected an enhancement of 

0.569 for the CA Group and of 0.793 for the MA + CA Group in Cardiovascular anatomy  

academic performance. Hence, the results support that interventions aiming to improve 

Anatomy academic performance should be implemented in the field of anatomy through 

CAL, and that the amount of training is the best predictor of the level of improvement. 

 

Limitations of this study 

 

It should be taken in consideration that the evaluation of computer literacy and 

perspectives towards CAL and the relationship between learning Anatomy and these 

skills, could have been conducted with other questionnaires, different than the one 

adapted. Also, with the evolution and ubiquitination of technology, it is relevant to reflect 

on the best approach to measure computer literacy and perspectives in general towards 

CAL, namely if the used approached is outdated. However, the significant adhesion to the 

conducted pedagogical initiative, confirmed by the significant attendance to the CAL 
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training session, supports the general observations that the studied population possesses 

the required computer literacy and positive perspectives towards the CAL purposed. 

In the present study design, it was challenging to control the confounding factors 

that might influence Anatomy academic performance, such as students’ learning 

commitment and motivation, as well as the amount of training and study completed by the 

students, besides the performed in the CAL platform. Among the possible confounding 

factors is the previous Anatomy knowledge, reflected by the performance in previous 

Anatomy courses [72]. To address this issue, the incorporation of the students’ Anatomy 

courses performances in the multiple linear regression models was conducted. These 

models showed that the association between previous Anatomy courses performance and 

the current Anatomy academic performance isn’t always present. Despite the fact that we 

could not exclude this effect, the impact in the observed anatomy performance appeared 

to be lesser than the impact of the training with CAL.   

Furthermore, the study design didn’t incorporate a traditional control group. This 

decision was taken because of ethical concerns regarding the availability of a pedagogical 

tool that might have contributed to improve the Anatomy knowledge, as well as the 

voluntary nature of students’ participation in the study.  
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Conclusion 
 

An evaluation of the impact that CAL in Anatomy has on medical students’ 

academic performance was performed. The collected data demonstrates that the use of 

the CAL in Anatomy improved the Anatomy academic performance and that this 

improvement was dose-dependent, i.e. the amount of training through CAL was related 

with a larger improvement of the Anatomy academic performance. Furthermore, the 

presented level of computer literacy and perspectives towards CAL among the assessed 

population supports the implementation of this pedagogical solution for Anatomy teaching 

approach.  

 

The role that CAL is adopting in Anatomy learning and assessment is undeniable. 

In addition, the increasing use of CAL enables the collection of, otherwise lost, data. This 

information once analyzed and processed, according to the Learning Analytics’ principles, 

will contribute to the optimization and personalization of the learning process.  

 

Thus, by raising awareness to the importance of students’ learning profiles, as well 

as to the importance of measuring the impact that individual features and academic 

background have on the academic performance, the authors hope that further studies 

keep evaluating the factors that impact the knowledge acquisition in Anatomy education, 

and the potential role that CAL might have on them. 
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Figures 

 

 

Figure 1 – Study design 
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Figure 2 - The level of agreement towards the use of CAL in MA, CA and MA + CA 
Groups. Agreement is presented in mean scores. Error bars represent ± standard 
deviation; * P < 0.05; MA – Musculoskeletal anatomy, CA – Cardiovascular anatomy. 
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Tables 

 

Table I - 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) - 

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.   
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Table II - Correlation coefficients between Musculoskeletal Anatomy academic 
performance and the other variables in analysis, per group (MA Group and MA + CA 
Group). 

 

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. 

 

  

 
Association model variables 

Anatomy Academic Performance 

MA Group 
(N = 288) 

MA + CA group 
(N = 106) 

Association P-value Association P-value 

Musculoskeletal Anatomy 
Training Sessions (number of 

sessions) 

0.761 <0.001 0.786 <0.001 

Previous Neuroanatomy 
Course (mean grade) 

- 0.186 0.099 

Gender
a
 

- - 

Female 
9.22 (± 
3.24) 

0.980 10.92 (± 
3.32) 

0.028 

Male 

9.21 (± 

3.67) 
8.95 (± 4.09) 

Age (years) 
-0.136 0.025 -0.021 0.862 

Admission Grade (mean 
grade)

b
 

0.194
 

0.003 0.106
 

0.327 

Enrolling Program
a
 

- - 

Undergraduate 
9.55 (± 

3.24) 
<0.001 10.69 (± 

3.42) 
0.188 

Other 

7.61 (± 

3.67) 
9.38 (± 4.24) 
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Table III - Correlation coefficients between Cardiovascular Anatomy academic 
performance and the other variables in analysis, per group (CA Group and MA + CA 
Group). 

 

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. 

 

  

 
Association model variables 

Anatomy Academic Performance 

CA Group 
(N = 217) 

MA + CA group 
(N = 106) 

Association P-value Association P-value 

Cardiovascular Anatomy 
Training sessions (number of 

sessions) 

0.670 <0.001 0.772 <0.001 

Previous Musculoskeletal 
Anatomy Course (mean grade) 

0.294 <0.001 - 

Previous Neuroanatomy 
Course (mean grade) 

0.439 <0.001 0.442 <0.001 

Gender
a
 

- - 

Female 
14.48 (± 

3.20) 
0.026 12.28 (± 

3.65) 
0.405 

Male 

15.47 (± 
3.04) 

13.00 (± 
4.25) 

Age (years) 
-0.076 0.269 -0.141 0.158 

Admission Grade (mean 
grade)

b
 

-0.024
 

0.724 0.150
 

0.162 

Enrolling Program
a
 

- - 

Undergraduate 
15.02 (± 

3.23) 
0.516 12.63 (± 

3.55) 
0.277 

Other 

14.19 (± 

2.79) 
11.43 (± 

5.20) 
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Table IV - Multiple linear regression models for Musculoskeletal Anatomy academic 
performance in the MA group and in the MA + CA group. 

 

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

P - P-value 

  

Regression model 

variables 

MA Group MA+CA Group 

  = 0.581 /  Ra
2 
= 0.573    = 0.628 /  Ra

2 
= 0.597 

B 95% CI P B 95% CI P 

Musculoskeletal 
Anatomy Training 

Sessions (number of 
sessions) 

0.789 0.703 0.875 < 0.001 0.687 0.550 0.824 <0.001 

Previous Neuroanatomy 
Course (mean grade) 

- - - - 0.170 -0.058 0.399 0.142 

Gender [male/female] 0.076 -0.481 0.633 0.789 -0.899 -2.069 0.270 0.130 

Age (years) -0.013 -0.147 0.122 0.855 -0.050 -0.398 0.297 0.773 

Admission Grade (mean 
grade)

a
 

-0.002 -0.005 0.002 0.350 0.024 -0.126 0.173 0.754 

Enrolling Program 
[Undergraduate/Other] 

0.046 -0.487 0.579 0.866 0.065 -1.307 1.437 0.925 
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Table V - Multiple linear regression models for Cardiovascular Anatomy academic 
performance in the MA group and in the MA + CA group. 

 

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

P - P-value 

 

  

Regression model variables 

CA Group MA+CA Group 

   = 0.538 /  Ra
2 
  0.522    = 0.644 /  Ra

2 
 = 0.619 

B 95% CI P B 95% CI P 

Cardiovascular Anatomy 
Training Sessions (number of 

sessions) 

0.569 0.472 0.666 <0.001 0.793 0.637 0.948 <0.001 

Previous Musculoskeletal 
Anatomy Course (mean grade) 

0.098 -0.018 0.214 0.096 - - - - 

Previous Neuroanatomy 
Course (mean grade) 

0.259 0.144 0.374 <0.001 0.393 0.173 0.612 0.001 

Gender [male/female] 0.755 0.146 1.363 0.006 0.655 -0.448 1.757 0.241 

Age (years) 0.008 -0.142 0.159 0.914 -0.159 -0.513 0.196 0.377 

Admission Grade (mean 
grade)

a
 

0.001 -0.003 0.003 0.855 -0.047 -0.172 0.078 0.456 

Enrolling Program 
[Undergraduate/Other] 

0.095 -0.305 0.496 0.639 0.100 -1.279 1.480 0.885 
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Adapted version of Computer-based learning questionnaire 
 

 

I. Access to a computer and internet  

 

A. At which age did you use a computer for the first time (PC, Mac or something 

similar)? 

 

B. Do you have ready access to a computer you can use for learning? 

1. Yes, my own computer 

2. Yes, a computer shared by a family or in an apartment 

3. Yes, in a public computer facility (e.g. at the university) 

4. No 

 

C. Does this computer have Internet access? 

1. Yes, modem (telephone line) 

2. Yes, ISDN or similar 

3. Yes, cable/ADSL or another type of broad-band Internet access 

4. Yes, LAN (e.g. in public computer rooms at the university) 

5. No 

6. Not applicable (e.g. because no computer available) 

 

D. If you possess a computer of your own, how old (production date) is it? 

 Less than 1 year 

1. 1 to 2 years 

2. 2 to 3 years 

3. 3 to 4 years 

4. 4 to 5 years 

5. 5 to 6 years 

6. 6 to 7 years 

7. 7 to 8 years 

8. 8 to 9 years 

9. 9 to 10 years 

10. More than 10 years 

 

 

II. Computer usage 

 

How often do you use a computer for learning?  

 

A. To search the Internet for relevant webpages. 

1. at least weekly 

2. at least monthly 

3. about once a term 

4. less often 

5. never 

 

B. To download notes or similar items (with a known Internet address). 

1. at least weekly 
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2. at least monthly 

3. about once a term 

4. less often 

5. never 

 

C. To use a learning management system for a course (other than the medical 

university's study guide). 

1. at least weekly 

2. at least monthly 

3. about once a term 

4. less often 

5. never 

 

D. To use computer- or web-based learning programs (CD-ROMs, webpages or 

similar). 

1. at least weekly 

2. at least monthly 

3. about once a term 

4. less often 

5. never 

 

 

E. Which of these types do you consider the most useful for learning? 

1. Image repositories (usually containing little explanatory text) 

2. Hypertexts (e.g. web-based textbooks) 

3. Simulations (e.g. patient or laboratory simulations) 

4. Quizzes (e.g. question repositories with assessment) 

5. Animations (e.g. computer animations which offer some user interaction) 

6. Encyclopedias (e.g. Online-Pschyrembel) 

7. Forums for communicating with other students 

8. Learning management systems (portals for hosting web-based courses) 

 

 

III. Attitudes and previous experiences with e-learning   

 

A. What do you think about the following statements? How far do you agree or 

disagree? (1 to 8 liker scale) 

 

1. Computer or Web-based training should play a more important role. 

2. Web-based learning programs are able to replace lectures. 

3. In medical teaching, there is no need for the use of Web-based programs. 

4. Computer Web-based training should be made available to supplement lectures 

and exercises. 

5. E-Learning should be nothing more than the distribution of notes over the Internet. 

6. I find it awkward to speak out in the classroom, which is why I often refrain from 

doing so. I would find it easier to participate in a discussion in an online-forum. 

 

 


