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Abstract  
To ensure efficient, safe and accurate medical care, it is necessary that a doctor can choose the 
appropriate diagnostic or therapeutic method and use it properly. Doctors should be able also to 
evaluate the collected data and correctly interpret the result. Evidence-based medicine expects that 
healthcare professionals are able to understand scientific studies and to use them in decision making 
within patient care. High level of science process skills is becoming a sign of excellence in healthcare 
professions.  

The paper presents research realised at the Faculty of Medicine Comenius University in Bratislava 
with the aim to monitor actual level of students’ science process skills and develop interventions to 
support their growth.  

Previous physics education and students’ experience was considered as the initial factor. Only 28% of 
medical students studying in English language and 68% of Slovak students declared in the personal 
questionnaire that they performed laboratory measurements as a part of their high school study. 
Series of short tests were used to monitor objectively the actual level of students’ science process 
skills. Their results confirmed the insufficient level of science process skills among first-year medical 
students. Significant part of students failed even in basic science process skills (e.g. measuring and 
classifying). Integrated science process skills (e.g. hypothesising, controlling variables, organising 
data in graphs and modelling) are problematic for almost all students. Preliminary analysis of 
application of science process skills in students’ measurement reports showed need of practical 
experience with adequate feedback. 

For effective study and professional future of students, it is necessary to develop science process 
skills systematically. 
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1 INTRODUCTION 
The science process skills were defined as a set of “broadly transferable abilities, appropriate to many 
science disciplines and reflective of the behaviour of scientists” [1]. Nowadays science process skills 
are generally seen as skills used to process objectively any type of information (not only that 
connected with scientific research). They are identified as a component part of scientific literacy and 
as such they should be developed from earliest education till life-long learning. Science process skills 
can be categorised into two groups:  

1 Basic skills provide a foundation for describing and organising objects and phenomena 
(observing, inferring, measuring, classifying, predicting, and communicating). Basic science 
process skills can be developed already at the elementary stage of education. 

2 Integrated skills allow identifying problem and solving it (controlling variables, defining variables 
operationally, formulating hypotheses, designing investigations, experimenting, acquiring data, 
organising data in tables and graphs, interpreting data, describing relationships between 
variables, formulating models). Integrated skills require higher cognitive level (formal operational 
thinking, abstraction, logical thinking). This means that integrated science process skills can be 
developed since the lower secondary education.  

To ensure efficient, safe and accurate medical care, it is necessary that a doctor can choose the 
appropriate diagnostic or therapeutic method and use it properly. Doctors should be able also to 
evaluate the collected data and correctly interpret the result. Evidence-based medicine expects that 
healthcare professionals are able to understand scientific studies and to use them in decision making 
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within patient care. High level of science process skills is becoming a sign of excellence in healthcare 
professions. 

2 METHODOLOGY 
Every year a simple questionnaire is used to find out basic characteristics of former physics education 
of students starting their study at the Faculty of Medicine, Comenius University in Bratislava (FM CU) 
and their experience in performing laboratory measurements. In the academic year 2016/17 the 
questionnaire was administered on-line to all general medicine and dentistry students. The survey was 
answered by 124 (63%) students studying in English language and 274 (69%) students studying in 
Slovak language. Obtained data were categorized and statistically processed. 

More detailed information on students’ initial ideas in physics and science process skills were obtained 
by series of short introductory tests related to particular tasks of practical training during the semester. 
These tests were answered by experimental group of totally 31 students studying in English and 35 
students studying in Slovak language. Particular test questions were answered by different numbers of 
students depending on their current practical tasks. Students’ answers were categorized and 
statistically processed. The sequence of questions used in tests series was chosen to monitor science 
process skills as well as develop these skills.  

Students’ knowledge, scientific performance and difficulties were analyzed also using measurement 
reports of 18 different practical tasks written by totally 154 students (51 students as an available 
sample of 197 students studying in English language and 103 students as an available sample of 398 
students studying in Slovak language). Students produced their measurement reports in sequence of 
their tasks during the semester (no later than two weeks after the measurement). In another two 
weeks students received feedback from the teacher. Students have not been allowed to improve 
submitted reports, but they could utilize teachers’ notes in further reports. Available measurement 
reports provided willingly by students after their final exam were used as a research material. Analysis 
of students’ measurement reports in not finished yet. Content analysis, categorization and statistical 
processing were performed only for indirect blood pressure measurement report (33 reports written by 
foreign students and 86 reports written by Slovak students).  

3 RESULTS 

3.1 Previous physics education  
Main characteristics of previous physics education of first-year students can be seen in Tab.1.  

Table 1.  Characteristic of previous physics education 

 Medical study in 
English language (N 

= 124) 

Medical study in 
Slovak language 

(N = 274) 

Percentage of respondents studied at general high school 
(lyceum, gymnasium) 

97% 96% 

Percentage of students graduated in physics 20% 2% 

Percentage of respondents starting medical study next 
academic year after the high-school graduation  

16% 54% 

Average number of physics lessons per week in last year of 
upper secondary study 

1.6 ± 2.3 1,1 ± 1.5 

Percentage of respondents with no physics education in last 
year of upper secondary study 

50% 55% 

Percentage of respondents performed laboratory measurement 
as a part of previous physics education 

28% 68% 

Percentage of respondents performed measurement reports as 
a part of previous physics education 

21% 66% 
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Students studying medicine in English language came from different countries: mainly from Germany 
(48%), Poland (16%), Austria (12%) and Greece (10%). Students studying in Slovak language came 
mostly from Slovakia (98%). Totally 28% of medical students studying in English language and 68% of 
Slovak students declared in the personal questionnaire that they performed laboratory measurements 
as a part of their high school study. Most of these students (totally 21% of respondents studying in 
English language and 66% of students studying in Slovak language) wrote also measurement reports, 
where they organised data in form of tables and/or graphs and interpreted obtained results. 

First phase of research showed that significant part of medical students at FM CU has very limited 
experience with direct science processing.  

3.2 Introductory level of science process skills 
While monitoring initial science process skills we focused on measuring (as an example of basic 
science process skills) and hypothesising (as an example of integrated science process skills).  

Measurement is one of basic assumptions of diagnostic process and evaluation of medical 
intervention. In the series of test questions students had to read measured values from different types 
of devices and scales. When reading the measured value from simple linear scale of ruler, 25% of 
students made a mistake - mostly they did not consider the smallest unit of the scale that was not 
1mm, but 2 mm. A week later, when students read the measured value from a linear scale of liquid 
thermometer, 10 students (16%) wrote the value that was outside the interval determined by nearest 
division marks on the scale. When reading the volume of liquid measured by graduated cylinder, 8 
students (24%) did not consider the lower margin of meniscus. Reading the measured value with help 
of Vernier scale was the most difficult task – 94% of students failed in it. While reading the value 
measured by digital multimeter with band switch, 64% of students considered that the displayed 
number should be multiplied by the measurement band. In inverse task, when students had to draw a 
best position of band switch for measuring the given value, totally 72% students failed.  

The hypothesising skill is one of the crucial skills not only in medical research but also in daily clinical 
praxis as a component of diagnostic process. In the first task related to hypothesising, students had to 
identify which one of given sentences can be considered as a hypothesis - 66% of Slovak and 52% of 
foreign students failed in this task. The most common students’ misunderstanding was considering the 
hypothesis as a conclusion. Students used the term hypothesis for the incomplete ambiguous claim. 
After the discussion and defining basic terms, approximately 70 % of students were able to form their 
own hypothesis in familiar context of air temperature in the room. Students subsequently formed their 
own hypothesis in context of their practical tasks during the semester. Their success in a partially 
known medical context (anthropometry, indirect blood pressure measurement, mechanical properties 
of liquids) increased from 21% to 67% during the semester. However, in the unknown context of 
measuring the current-voltage characteristics and dosimetry, students’ hypothesising skills remained 
insufficient - less than 40% succeeded. For more details see Tab.2.  

Table 2.  Ability to form clear testable hypothesis in various contexts 

 
Medical study in 
English language  

(N = 25) 

Medical study in 
Slovak language 

(N = 32) 

Air temperature in the room   
(its dependency on the measurement place) 68% 72% 

Anthropometry 26% 17% 

Indirect measurement of blood pressure 50% 46% 

Mechanical properties of liquids 62% 72% 

Current-Voltage characteristics 36% 37% 

Dosimetry 26% 42% 
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3.3 Practical application of science process skills in reporting practical 
measurements 

In the first phase of analysing students’ measurement reports, the research was focused on the ability 
to compare measured value with reference value or reference interval. In the practical task “Indirect 
blood pressure measurement” students had to use two measurement methods (auscultatory and 
oscillometric) and compare the obtained values with reference intervals for categorization of adult 
human blood pressure. Totally 13% of students wrote just the name of blood pressure category that 
they considered as representing the measured values. 61% of students studying in English language 
and 48% of students studying in Slovak language compared the calculated average value of blood 
pressure with only one reference value - the upper limit of optimal blood pressure (120 
mmHg/80mmHg). Totally 24% of foreign students and 39% of Slovak students discussed obtained 
value in comparison with reference intervals for optimal pressure, prehypertension and hypertension. 
Correct categorization was given by totally 52 % of students studying in English language and 66% of 
students studying in Slovak language. For more details see Tab. 3. 

Table 3.  Characteristic of previous physics education 

 Medical study in 
English language  

(N = 33) 

Medical study in 
Slovak language 

(N = 86) 

Missing comparison 0 1% 

Only part of results (either auscultatory or oscillometric)   
was compared with reference values  

3% 21% 

Not clear description of compared values 67% 45% 

Results of both methods compared with reference values 27% 31% 

Only the name of respective blood pressure category 12% 13% 

Comparison with reference value 120 mmHg/80 mmHg 61% 48% 

Comparison with respective reference intervals 24% 39% 

Completely correct categorisation  66% 52% 

Only description “higher” or “lower” than certain (reference) 
value, without interpretation 

9% 2% 

Incorrect categorisation  31% 36% 

Incomplete bibliographical data for reference values 15% 35% 

More than one clearly identified (correct) reference source 21% 66% 

Research showed also deficiencies in quoting the references. The incomplete bibliographic reference 
was given by 15% of foreign and 35% of Slovak students.  

Preliminary analysis of students’ measurement reports showed also significant deficiency in organizing 
data in form of graphs as well as in statistical data processing. 

4 CONCLUSIONS 
Most first-year medical students at FM CU graduated at general high school, but did not graduate in 
the subject Physics. It was shown by previous research [2] that initial knowledge is different for 
students from different countries. Moreover foreign students declared also lack of direct experience 
with physical measurement (in comparison with Slovak students). However this claiming was rather 
subjective.  

Results of the objective monitoring of selected science process skills confirmed the insufficient level of 
science process skills among first-year medical students. Significant part of students failed even in 
basic science process skills (e.g. measuring and classifying). Integrated science process skills (e.g. 
hypothesising, controlling variables, organising data in graphs and modelling) are problematic for 
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almost all students. The experimental intervention showed that hypothesising skills of students can be 
developed; nevertheless further effort is needed to improve hypothesising in unknown context. 

Preliminary results analysing the application of science process skills in students’ reports of practical 
measurement showed that it is not enough to provide students with learning materials. A lot of 
practical experience with adequate feedback is at least as important. 

Significant part of first-year medical students at FM CU does not have sufficient level of science 
process skills. For effective study and professional future of students, it is necessary to develop their 
science process skills systematically.  

All the obtained research results will be used in innovation of practical training in Medical biophysics 
and in development of supporting e-learning course.  
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