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Abstract: In our experience, university students enrolling in health science and forensic science
degrees show difficulty in retaining and integrating basic scientific knowledge learned in their first
academic year. Furthermore, in the forensic sciences case, many students have oversimplified and
unrealistic expectations as a result of the exposure to crime TV shows, internet blogs, and other social
media platforms. Our pedagogical proposal is focused on second-year university students, aiming at
promoting effective learning and the integration of scientific knowledge from previous courses, in
this particular example, molecular and cell biology and biochemistry, with more advanced forensic
courses, such as forensic anthropology and odontology. Teams composed of students and tutors
from the teaching staff, with the help of dichotomous keys, are challenged to analyze a crime scene
and choose the relevant evidence to further investigate, determine the scientific approach, execute
the experimental work, interpret the results and, finally, resolve the case. To assess the pedagogical
advantages and the receptivity of this project, a survey is to be carried out among students, and
respective statistical analysis is also proposed. Finally, we hope this project outline may be adapted to
other subjects, and, therefore, be used to address different pedagogical questions in forensic studies.

Keywords: integrative learning; b-learning; molecular biology; cell biology; biochemistry; forensic
anthropology; forensic odontology; higher education

1. Introduction

Forensic sciences became a popular area of study in part due to TV series such as Crime
Scene Investigation (CBS), Dexter (Showtime) and Bones (Fox Broadcasting Company).
However, the science behind these tv plots is often oversimplified and the scientific labs and
procedures are unrealistic [1], which, although expected and understandable, may create
false notions and expectations in the students. Furthermore, the advent of new technologies
has changed the way in which the whole society, including students, communicates and
obtains information, which poses an additional challenge for educators [2]. Namely,
information is readily available on social media platforms, which may be overwhelming
and confusing. In addition, it is often inaccurate, which may compromise the student’s
ability to critically analyze the information to draw conclusions [2]. To complicate things
further, scientific themes are increasingly too broad and complex to be covered by a single
discipline. These are some of the challenges of 21st Century Higher Education teaching
that should also consider moving away from didactic forms of teaching to active learning,
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including integrating digital learning into practice and feedback assessments to evaluate
and ensure student learning [3,4].

Another important aspect to be considered is students” academic performance through-
out their academic path. Frequently, it is subject to fluctuations as it tends to increase near
the evaluation/exam period and decrease afterward, and in some cases, “unlearning” and
the loss of academic skills seem to occur from one year to the next, sometimes referred to
as “knowledge decay” [5].

These concerns have led us to develop and implement integrative educational practices
for first year Health Science students, inspired by problem-based learning strategies [6]. As
there is very little information regarding the application of this pedagogical tool to future
forensic scientists, we propose to adapt our integrative model to a forensic setting to engage
the student in their learning process, as well as to provide them with lifelong knowledge
and skills, while keeping in mind the purposes and contributions associated with forensic
science, as well as the need for a solid and rigorous scientific background when addressing
forensic problems [6,7].

The aim of this project is to propose the implementation of a problem-based learning
project in forensics, to promote research, discussion, and collaboration between forensic
science students and teachers, providing the means for the effective and interdisciplinary
learning of key concepts learned previously and fighting “knowledge decay”.

1.1. Interdisciplinary and Integrative Learning in Health Science Students

The Bologna Process, and its implementation, aims for a more inclusive and com-
petitive higher education, not only by implementing the uniformization of a three-cycle
system and mutual recognition of qualifications in European universities, but also by pro-
moting student-centered learning to help students develop the competencies they need in
an ever-changing labor market [8,9]. As such, it has had a significant impact on teaching
and learning strategies, as well as assessment methods, in higher education, where teachers
were challenged to become knowledge facilitators (tutors) and students to take a center
stage in their learning process [10]. Among the different pedagogic strategies developed,
problem-based learning (sometimes referred to as inquiry-based learning) has been well-
established and widely used in universities around the world, particularly in medical
schools [6,11]. Problem-based learning can be defined as a pedagogical approach in which
students engage in collaborative activities to solve a problem [12]. In general, different ap-
proaches can be considered on the degree of student’s freedom and the tutor’s involvement,
as well as the student’s group it is designed for [10]. In the case of health/dental /medical
schools, problem-based learning cases have been used over the years and are, in general,
similarly popular with students and teachers as they tend to be collaborative, but centered
on the students, promoting teamwork, research, and group discussions. This arguably leads
to critical thinking, enabling knowledge acquisition and application in the process [10,12].
This inspired us to develop a collaborative project featuring Biochemistry, Molecular and
Cell Biology, and Epidemiology and Statistics, to promote effective learning and the inte-
gration of scientific knowledge through the development of bibliography research skills
among first-year students from the Faculty of Dental Medicine of the University of Porto. In
this project, the students addressed suitable scientific themes, using the Pubmed database
and the e-learning platform of the University of Porto (http://moodle.up.pt/ accessed on 2
June 2014), and prepared a PowerPoint/ Webpage presentation, where the perspectives and
contributions of the three scientific domains were explored and integrated. The students
filled in a questionnaire to evaluate their responses to this teaching exercise. The students
then completed the evaluation questionnaire; the great majority of the students considered
that this new methodology promoted the development of a broader view of the research
subjects and the acquisition of new knowledge [13].


http://moodle.up.pt/
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1.2. Interdisciplinary and Integrative Learning in Forensic Science: Project Implementation

Based on the project previously presented, we propose to develop a hands-on curricu-
lar unit, starting in the second academic year, to promote the integration and application
of knowledge from cell and molecular biology, biochemistry, and laboratory techniques
learned in the first academic year, and forensic anthropology and odontology, which are
second-year disciplines in most forensic science curricula. This problem-based, information-
driven, team-based learning project is designed for forensic science students; however, we
believe this project outline may be adapted, using other subjects to respond to their specific
pedagogical needs.

To implement this project the following steps are suggested:

Step 1: Organization of materials and project teams
e  Formation of the Research teams

Each team is composed of four students and two tutors from the teaching staff (in this
case one from sciences and another from forensic anthropology/odontology).

e  Distribution of forensic cases

A different case scenario is handed to each group containing:

— a brief report/description of the case (an example is presented in Box 1)

— alist of evidence collected at the crime scene

— the material collected or photographed at the crime scene

—  three dichotomous keys to help the teams analyze and solve the case (Schemes 1-3)

Box 1. The Forensic case: an example of a crime scene for student analysis and resolution.

The Forensic Case
In an empty house, a dead body partially skeletonized was found on the floor. The right hand had

a glove, whereas the left was fully skeletonized. On close inspection and opening of the cadaver’s
mouth, both the upper canines and the lower incisors and canines could be observed. The first
lower left premolar was found, laying on the floor, next to the cadaver. Some dry blood spatters

were identified on the cadaver’s clothes and on the floor, nearby. Hairs and fibers could also be seen

scattered on the floor.

Step 2: Evidence analysis and student planning

During this phase, the students should analyze the evidence collected in their work
case and, with the help of the dichotomous key, choose which samples/material will be
processed in the laboratory (Scheme 1) [14-16], analyzed using forensic anthropology
(Scheme 2) [17-20], or forensic odontology methods (Scheme 3) [21-28]. Together with the
tutoring staff, the students plan the research strategy, develop the laboratory protocols and
execute the lab work.
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Biological approach- dichotomous key

1. Does the body contain any biological soft
tissues?

Observational analysis to find any samples that can
be used in different analyses

!

mm)p No = Go to the Odontological/
Anthropological analysis

Yes = Continue with biological analysis

2. Is the victim a male?
DNA extraction and analysis by PCR (amplification of
sex-specific sequences) [14]

1

3. Does the victim have any chromosomal
abnormality/syndrome?
DNA extraction an analysis of the karyotype [15]

=) No = Negative result

=) Yes = Positive result

==) No = Normal karyotype
= Yes = Altered karyotype

]

4. Is it possible to estimate the ethnicity of the
victim?

DNA extraction and analysis by PCR (amplification of
specific sequences of different human ethnicities) [16]

=2 No = Absence of conclusive results
Yes = Presence of specific

= sequences

of a particular ethnicity.

1

5. Do the hair/fur samples belong to a human?
Analysis Under microscope

DNA extraction and analysis by PCR (amplification of
species-specific sequences)

mep No = The victim might have pets/ contact
with animals

|

Yes = Continue with hair analysis

!

6. Does the hair sample belong to the victim?
Collection of the samples and analysis under a

microscope

.*Yes = Hair samples can not be used to
identify
the possible murderer

No = Hair samples may belong to the possible
murderer
DNA extraction and storage for future analysis

Scheme 1. Dichotomous key for students using a biological approach to evidence testing.
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Anthropological approach
dichotomous key

1. Is the body skeletonized? mmp No = Go to the biological analysis
Find anatomical characteristics on
1 the soft tissue that allow obtaining
information on the biological profile
Yes = Continue with odontological and [17]
anthropological analysis

|

2. Are there pelvic, cranial, and long bones No = Go to point 1 of the odontological
available? analysis.
Method depending on the type of bone available

]

- Yes = Continue with anthropological
l, analysis. Go point 3

3. Is the victim a male?
Analysis methods based on pelvic bone == No = It is female
morphology can be used (100% accuracy).
Morphometric and morphoscopic approaches to the
cranial bones can also be performed [18-19]

!

= Yes = It is male

4. Is it possible to estimate the ethnicity of the =) No = Inconclusive results
victim?
Analysis methods based on cranial bones =) Yes= Presence of specific
morphology can be used [19-20] characteristics of a particular
ethnicity allows a good estimation of
1 the ethnic group

5. Is it possible to estimate the age of the victim
2

To use the method that best adapts to age
estimation, it is first necessary to discern whether
the victim is an adult or non-adult individual

P 3 e No = The best methods in this age range
5.1.1s it an adult? use the degree of bone development [19]

‘ == Yes = Go to point 5.2

msp No = Analysis of the sternal surface of the 4th rib

5.2. Is the pelvic bone available? [19] the application of the odontological method of
Lamendin may also be recommended (go to the
l odontological analysis point 4.3).

Yes = Analysis of the surface of the pubic symphysis
(Suchey-Brooks method) [19]. If the phase is greater
than 3, the application of the odontological method of
Lamendin is also recommended go to the
odontological analysis. Point 4.3).

1

6. Is it possible to estimate the stature of the
victim?

Depending on the bones available, the approach will
be different

6.1. Is the skeleton complete?

== No = Go to point 6.2

P Yes =|tis possible to apply an anatomical
method through the skeletal segments and the
l introduction of a correction factor [19]

ma)p No = Short, or partial long bones are still useful
6.2. Are the long bones present and intact? for height estimation [19]

Yes = Long bones are ideal for the application of

mathematical methods, providing a good stature ‘ BIOLOGICAL PROFI LE

estimation [19]

Scheme 2. Dichotomous key for students using bone forensic analysis.
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Odontological approach
dichotomous key

1. Has the victim any teeth?
The methods used below are based on the analysis

of whole teeth.

2. Is the victim male?

Methods based on mandibular canines are
commonly used since canines are the most sexually
dimorphic teeth [21]. The methods with the highest

success are the maximum Mesio-Distal width, or
the Mandibular Canine Index (MCI) [21-22]

!

3. Is it possible to estimate the ethnicity of the
victim?

Some morphological traits are more characteristic
of certain ethnic groups. The ASUDAS classification
system can be used to estimate ancestry [23]

!

4. Is it possible to estimate the age of the
victim?

It is necessary to discern whether the victim is a
child, adolescent or adult to choose the method that
best adapts to age estimation

4.1.Is it a child?
Methods based on the degrees of dental
mineralization The Demirjian’s method is

recommended [24-25]

4.2, is it an adolescent?
The Mincer method is used to establish the stage of
mineralization of the third molar [26]

4.3. is it an adult?
In this age period, Lamendin method is used, based
on the translucency of the root [27]

|

5. Is it possible to estimate the stature of the
victim?

A maximum and minimum height can be established
with the Carrea method [28]

|

Yes = An approximate height can be estimated,
although with limited accuracy.

=) No = Not enough information to
conduct analysis
=) Yes=Goto point 2

= No = Itis female

=) Yes = itis male

== No = inconclusive results

m=) Yes = Strong indications of belonging to a
certain
ethnic group

med No = Go to point 4.2,

med Yes = An age up to 14-15 years can be
established with an error of a few months

masp No = Goto point 4.3

mep Yes = An age between 16 to 20 years can be
established quite accurately

mep No = Inconclusive

=% Yes = An age can be established but is less
accurate than the other methods (4.1 and 4.2)

ms) No = The lack of key teeth for the method
used, or their severe misalignment make it
impossible to reach a reliable result

Scheme 3. Dichotomous key for students using a forensic odontology approach.
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Step 3: Data analysis and Resolution of the case

Once the analysis is performed and the laboratory results have been obtained, the
students prepare a case for presentation to the class, in which they explain in detail their
approach and the results obtained, and propose a resolution of the case. All cases will be
presented and discussed by all team members.

Topics of discussion might include:

The scientific approach, tests used, advantages, limitations, and possible redundancy
of the tests performed, difficulties during the planning execution and interpretation of
the results.

The students’ efforts will be evaluated by the teaching staff based on their results and
case presentation.

Evaluation of the pedagogical impact on student learning: A statistical study in order
to assess the possible pedagogical advantages and the receptivity of this project, a survey
will be carried out among students. This survey will take place in the last class, and it is
divided into two parts.

The first part of the questionnaire consists of five statements, the agreement is mea-
sured on a 5-point Likert scale (Table 1). The first two statements aim to assess the peda-
gogical advantage recognized by students. The next two statements are intended to assess
the satisfaction and enthusiasm in participation. The last question is intended for students
to assess the fairness of the assessment method of this pedagogical project.

Table 1. Student feedback survey on the integrative project learning experience.

Question

This project allowed me to develop a broader view of the

subjects studied

Notatall 1 2 3 4 5  Yes,Iagree completely

This new method was essential to acquire new concepts and

scientific knowledge

Not at all 1 2 3 45 Yes, I agree completely

This pedagogic approach promotes pleasant and effective learning  Not at all 1 2 3 45 Yes, I agree completely

Although it’s a time-consuming approach, it was worth it Not at all 1 2 3 45 Yes, I agree completely

The evaluation/grading was adequate a fair Not at all 1 2 3 4 5  Yes, Iagree completely

In Table 2, there are three questions. The students are asked to mention the positive
and negative aspects of the pedagogical project in which they participated, as well as
highlighting aspects that could improve it.

Table 2. Student’s reflection on the positive and negative aspects of the integrative project learning
experience.

Open Questions

Refer to the standout positive aspects of this pedagogic approach

Refer to the negative aspects of this pedagogic approach

Suggestions to improve the integrative pedagogic project

2. Discussion

In a traditional education model, learning is frequently focused on discipline-based,
expositive information that is validated by faculty members from the respective courses and
very rarely integrates the knowledge needed for effective decision-making in a problem-
solving context [29]. In contrast, in a problem-based learning environment, students are
presented with a question and engage in collaborative activities to solve it [12]. In this case,
different approaches can be considered on the degree of student’s freedom and the tutor’s
involvement, as well as the student’s group it is designed for [10,12]. Some proposals
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grant the students a great level of freedom to identify and solve the problem, but most
frequently the problem is presented, and the student is coached by the tutors to develop the
best strategy to solve it [10]. Frequently, in this case, students are encouraged to use their
previous knowledge, investigate, and acquire new information, with the tutor’s guidance,
to solve the problem in an information-focused approach [10]. In some cases, however, the
students are challenged to create something that is original and new to solve a question,
and in this case, the tutors’ role is to guide the students in a discovery-focused approach.
Finally, the project may be individual or team-based [10]. In this work, we present an
integrative problem-based learning proposal for forensic sciences students aiming at pro-
moting knowledge retention and critical thinking in different domains, in this example
biology /genetics and forensic odontology/anthropology, to achieve a practical goal: the
resolution of a forensic case (Box 1). This hands-on approach will be supervised, at all
times, by the teaching staff, allowing students the freedom to develop their strategy while
ensuring the correct application of the scientific concepts and techniques. In our view, this
is particularly important as students who learn in more traditional environments tend to
apply the different techniques separately in their respective classes, therefore compartmen-
talizing the knowledge. Due to the lack of published reports regarding problem-based
learning and its application in forensics, we believe this proposal might also contribute
to the development of these approaches in future forensic teaching. Nevertheless, there
might be limitations to this project that should be addressed, as they might limit or create
difficulties in its implementation. Some of the possible obstacles to the successful appli-
cation of this proposal include the necessity to ensure the correct design and preparation
of the forensic cases; to ensure that all staff involved, from lab technicians to the teaching
staff are well prepared and fully committed to the project; teachers should be facilitators
and create an environment where all students are involved in the learning process as well
as monitor their progression; finally, students should be proactive in their learning pro-
cess [11]. Another critical aspect following the implementation of problem-based learning
projects is the evaluation of its efficacy, where the evaluation strategy must be well-adjusted
to the pedagogical outcomes [10,12]. We believe the proposed student survey on their
learning experience, including open questions to promote a more detailed reflection on the
positive and negative aspects of this project, will certainly contribute to an evaluation of
this proposal from the student’s point of view, allowing us to further develop and adapt
this pedagogical approach to meet the student’s expectations and promote its improvement
before applying it in subsequent years. As the students will work in proximity with the
tutors and present their cases to the teaching staff for grading, the knowledge acquired,
concept integration, laboratory skills, problem-solving skills, and critical discussion of the
problems can also be evaluated. However, the impact of this type of project on short-term
and long-term learning outcomes is much more complex and difficult to measure. One
possible approach, although empirical, is to evaluate the students’ performance in concep-
tual tests at different times after the project and follow the student’s academic performance
to determine its evolution. However, to clearly test the efficacy of this approach, a direct
comparison between traditional and problem-based methods would be necessary [12].
There are several examples in health sciences university degrees where the implementation
of problem-based programs were well accepted by the students and teaching staff [30-32].
Specifically, in dental and medicine courses, problem-based learning implementation has
been reported to help students understand the interrelationship between clinical knowledge
and basic science concepts, as well as improving integrated thinking and problem-solving
skills [6,32,33]. A meta-analysis of 22 studies evaluating the pedagogical impact on Nursing
teaching also suggests the effectiveness of this approach, with particular impact on the
students’ satisfaction with the skills development and clinical training [31]. Interestingly,
Strobel and van Barneveld evaluated eight meta-analyses and systematic reviews address-
ing the effectiveness of problem-based learning when compared to traditional teaching,
and their analysis showed that even though the impact on short-term learning seems to
be identical in both education models, problem-based learning is perceived to be more
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effective when considering the long-term retention of knowledge and skills development,
which strongly suggests there are benefits to this pedagogical approach [30].

Most of the problem-based learning in health sciences is developed in clinical envi-
ronments aimed at teaching medical, dental, and nursing students, and in forensic science
teaching, there are very few reports in the literature regarding this pedagogic approach
and its implementation. However, a recent publication discussed and proposed the use
of problem-based learning to teach future forensic speech scientists [34], while an active
learning approach to forensics through the development of simulated crime scenes has also
been proposed as a way to promote effective learning and critical thinking [35]. Therefore,
although this work is only a proposal, which has not been implemented and is therefore not
yet tested or validated, we believe it is an interesting and valuable contribution to forensic
sciences teaching, to stimulate students to learn and develop technical skills inspired by
the many examples of PBL activities in higher education [6,12,30-33]. Furthermore, as
the learning outcomes seem to be more effective than the existing long-term knowledge
retention, it would benefit forensic students by helping fight “knowledge decay” [12,30].

3. Final Remarks

Overall, we believe this project will create interest in the student community, which
might help consolidate previously addressed scientific themes, fight knowledge decay,
and increase the scientific preparation of forensic science students. We also believe this
is a valuable contribution to the field of problem-based learning in forensics and hope
this project outline may be adapted to other subjects, and, therefore, be used to address
different pedagogical questions. Once the project is implemented, survey results may
help optimize and further develop this project. However, to evaluate the efficacy of this
pedagogic proposal, namely in mitigating “knowledge decay”, an academic follow-up
should be conducted to assess the students” academic performance in the following years.
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