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Abstract

One of the main purposes of education today is to develop student’s ability to think in a systemic, analytical 
and logical manner to become self-directed, critical thinkers. Hence, students need to be efficient in one or 
more basic cognitive skills (BCS), since they are the foundational skills for the continued growth of these 
and other intellectual higher level abilities. According to constructivist theorists, the development of students’ 
deep conceptual understanding takes place when they are engaged in learning tasks that explicitly makes 
them aware of their BCS, based on students’ previous knowledge and matter content. From this perspective, 
teachers can promote BCS in the classroom through the design of constructivist-based strategies. Therefore, 
the main purpose of the present study was to examine how the BCS of analysis and synthesis are attained in 
a university physiology course, examining differences in two groups of students from different classes using 
different learning methods: problem-based learning (PBL) and PBL plus diagrams. A self-report questionnaire 
was designed for this purpose. A knowledge exam was also applied to both groups at the end of the intervention 
to evaluate students’ basic knowledge attainment. Results indicate that there were no significant differences 
between the two groups in their BCS acquisition. Exam scores were not different between groups either. However, 
a significant relationship between BCS and basic knowledge attainment was found. Results are discussed in 
more detail within the document.
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Introduction

University medical students must develop specific competencies that enable them to 
solve and prevent health problems in contexts where mental processes are needed. One of the 
main abilities is “the acquisition of the scientific basis of Medicine”, which is achieved through 
the development of BCS such as organization, analysis and synthesis of existing knowledge 
and new matter content, that allow students to make valid inferences and judgments and to 
determine the interactions on organizational system levels (from molecular to biopsychosocial) 
(Abreu et al., 2008). Accordingly, one of the main purposes of the physiology course is to pro-
vide students with the scientific basis that the medical profession requires and to help them to 
develop systemic thinking, through the promotion of BCS.

Traditionally, physiology has been taught through classic readings and laboratory prac-
tices, with little emphasis on strengthening the specific competencies that the future medic 
requires (Gal, Basturia & Garrido, 2011). Education today demands reforms focused on an 
integrated curricula, where students have a more active role in the construction of their knowl-
edge (Esprívalo, 2010; Venville, Rennie & Wallace, 2009). Therefore, teaching strategies that 
promote student-centered learning are required in physiology courses, as an alternative to the 
traditional instructional methods (Anyaehieet al., 2010). This involves the use of constructivist-
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based strategies and new evaluation methods for the development of BCS (Díaz, 2006) and the 
assessment of all the different aspects of knowledge attainment (Gal et al., 2011).

Problem-based learning (PBL) is a student centered method focusing on learners’ active 
production of knowledge, in accordance with the development of their abilities and attitudes, 
through engaging with real world cases (Tambouris et al., 2012). Also, PBL is a flexible method 
that can be implemented in different subjects and disciplines (Savin-Baden, 2001 in Kolmos et 
al., 2007). Research has shown that PBL helps students to stimulate their motivation and learn-
ing interest, which in turn helps them to achieve significant learning (Abraham, Vinod, & Ka-
math, 2008). Specifically, medical students trained in PBL have shown a good performance in 
clinical evaluations (diagnosis and planning treatment), as well as an improvement in problem 
formulation and more autonomous behavior (Albanese & Mitchell, 1993). However, they have 
shown deficiencies in building their knowledge base (De Graaff and Kolmos, 2003 in Kolmos 
et al., 2007; Albanese & Mitchell, 1993).

As it as been mentioned before, BCS favor knowledge acquisition and are essential for 
all mental activities (Diaz, 2006; Selvaratnam, 2011), since they are the foundational skills for 
the continued growth of these and other intellectual higher level skills that students learn in 
university, at work and in life. However, these higher level skills will be compromised if any of 
the BCS are inefficient. For example, if students are inefficient at analysis and synthesis, then 
they will not be good at physiology as it is built on the ability to analyze and synthesize.

From this perspective, PBL may work better when used in conjunction with conventional 
methods (Benson, 2012). Different studies in learning attainment indicate that content diagrams 
favor the construction of knowledge schemes about the content of a text, allowing students to 
identify rhetoric relations present and helping them to locate or infer the most important infor-
mation (Doguis, 2001). Therefore, the main purpose of this work was to investigate students’ 
development of BCS (of analysis and synthesis) for basic knowledge acquisition in physiology, 
by using two different learning strategies (PBL and PBL plus diagrams).

Methodology of Research

Sample

The participants were comprised of 47 students (51% women and 49% men) from two 
physiology classes of the medical school at a university in central Mexico.

Design

The study employed a quasi-experimental design with two intact groups, consisting of 
two whole physiology classes which were chosen out of the total ten physiology groups at the 
university. Two research tools were used: the first group (21 students) worked with the PBL 
strategy and the second group (26 students) worked with the hybrid strategy (PBL plus dia-
grams).

Students in both groups shared some common characteristics; all of them were in their 
first year at university and the students’ academic performance (grade point average) at the be-
ginning of the academic term was not significantly different between groups, (t=0.48; p=0.63), 
therefore they were considered equivalent. Results on the samples’ distribution, measured 
by the Kolmogorov-Smirnov test, showed that both groups presented a normal distribution 
(variance=0.82; p=0.2). A final physiology exam (postest) was administered at the end of the 
academic term to assess differences between groups.
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Instrument and Procedures

In order to evaluate students’ BCS acquisition, a self-report questionnaire designed for 
this study was applied. The scale comprised 20 items divided in two sections, analysis and 
synthesis:  In both BCS groups three aspects were studied: a) structures, b) relations and c) 
functions. The participants evaluated statements on BCS along a four-point Likert scale: (4) 
totally agree; (3) agree; (2) disagree; and (1) totally disagree. The instrument’s reliability level 
(Cronbach’s alpha) is 0.91.

Students’ basic knowledge attainment was estimated through a final physiology exam 
administered during the last class session for both groups. 

An informed consent was given to the students. The data were collected in both partici-
pant groups throughout a whole academic period (four months), during the regular physiology 
schedule (seven hours per week), under the supervision of the class teacher. Depending on the 
dynamic of each group, students were asked to hand in at the end of the course: 1) A report of 
all solved problems (both groups), 2) elaborated diagrams of the physiology contents (group 1 
during all the course and group 2 only one at the end of the course).

Data Analysis

Differences between the two groups were assessed by means of the Student t-test.  The 
correlation between BCS and basic knowledge attainment was analysed through the Pearson 
coefficient. The statistical analyses were carried out using the SPSS statistical program.

Results of Research

Differences in BCS between Groups with Different Learning Strategies

According to Student t-test there were no significant differences between both groups in 
BCS (t=1.48; p=0.07). In group 1 (PBL) all BCS values were distributed between quartiles 25 
and 68, while in group 2 (PBL plus diagrams), BCS values were located between quartiles 38 
and 72 (see Figure 1).
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Figure 1: Differences in BCS between groups with different learning strategies: 
PBL and PBL plus diagrams. 

Differences in Basic Knowledge Attainment between Groups with Different Learning Strategies

Regarding the comparative analysis of basic knowledge attainment between groups, as 
shown in Figure 2, there was not a significant difference between both groups (t=0.58; p=0.28). 
In group 1 (PBL) quartiles 3 and 4 were located between 6.5 and 9.3, while in group 2 (PBL 
plus diagrams), quartiles 3 and 4 were placed between 6.5 and 8.4. 

Figure 2: Differences in the basic knowledge attainment between groups with 
different learning strategies: PBL and PBL plus diagrams.
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To analyze the relationship between BCS and basic knowledge attainment, the Pearson 
coefficient correlation was used. A significant correlation between both variables was found 
(r=0.75; p<0.001) (see Figure 3).

When analyzing the correlations between the three aspects of analysis (structures, func-
tions and relations) and basic knowledge attainment, it was found that analysis of relations 
was the most related variable (r=0.73; p<0.001), followed by analysis of functions (r= 0.64; 
p<0.001) and analysis of structures (0.36, p<0.05).

Regarding the correlations between the three aspects of the synthesis (structures, func-
tions and relations) and basic knowledge attainment, synthesis of relations was the most related 
variable  (r=0.63, p<0.001), followed by the synthesis of functions (r=0.54, p<0.001) synthesis 
of structures (0.30, p<0.05).
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Figure 3: Relationship between BCS and basic knowledge attainment.

Discussion

A quasi-experimental study was designed to compare university medical students’ devel-
opment of BCS in a physiology course through two different learning strategies, namely PBL 
and PBL plus diagrams, and to see how these strategies also relate to their basic knowledge 
attainment.

Results show that there are no statistically significant differences in BCS acquisition in 
the group working with PBL and the group working with PBL plus diagrams.  According to 
Benson (2012) PBL may work better when used in conjunction with conventional methods. 
However, the present study result shows that using diagrams besides PBL doesn’t promote 
BCS to a greater extent. Moreover, there are no statistically significant differences between 
both groups in basic knowledge attainment. Nevertheless, both groups of students developed 
adequate levels of these variables, reflecting that PBL is an adequate method for the discovery 
of knowledge and skills in the subject (Abraham et al., 2008) and the use of diagrams is just a 
part of this constructivist-based method. This finding leads us to future research with a larger 
sample and using other additional strategies in order to confirm these results.

Benson (2012) recommends the use of PBL as a complementary method for student aca-
demic performance, especially in undergraduate scenarios. Accordingly, a study with university 
students in Turkey (Kuru in Kolmos et al., 2007) found that students developed analysis and 
synthesis and design skills in the course through case study, lecture and project work. There-
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fore, PBL combined with different strategies should be used by the students, since physiology 
is a complex subject that requires comprehension of biology, biochemistry, anatomy, histol-
ogy, chemistry and physics knowledge, which needs an integrative capability (Sefton, 2005); 
if students acquire an adequate strategy for them to physiology understanding, they may have 
an improvement with respect to compulsory subjects along their academic studies. In addition, 
further evaluations should include both qualitative and quantitative approaches.

About the relation between BCS and basic knowledge attainment, a statistically signifi-
cant correlation between both variables was found. Specifically, in both BCS (analysis and syn-
thesis) the three aspects considered (structures, functions and relations) are significantly related 
to students’ knowledge acquisition. These results are consistent with the literature (Tambouris 
et al., 2012), showing that BCS favor knowledge acquisition; this is very important for success-
ful learning, since it contributes to the development of the ability to learn and make sense of 
new information, based on previous knowledge, allowing students to make valid inferences and 
judgments and to determine the interactions on organizational system levels (from molecular to 
biopsychosocial) (Abreu et al., 2008). 

Conclusions 

This study provides evidence on BCS acquisition for the development of knowledge 
base, through PBL, in university medical students. As it as been mentioned before, one of the 
main purposes of the physiology course is to provide students with the scientific basis that the 
medical profession requires and to help them to develop systemic thinking, through the promo-
tion of BCS. Therefore, the teaching and learning emphasis must be on promoting students’ 
acquisition of content knowledge as well as on training them in intellectual abilities, through 
the use of constructivist-based strategies, such as PBL and new evaluation methods, to ensure 
that students become more competent in basic knowledge attainment.

Teachers can contribute to students’ development of BCS by using PBL and other rel-
evant and varied resources, such as: integration of BCS with subject content knowledge during 
compulsory courses, combination of case study, lecture and project work and the inclusion of 
questions on BCS in examination papers, which will help students to be aware of their BCS and 
to improve these and other higher-level skills for the promotion of their systemic, analytical, 
logical, critical thinking. 
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