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ABSTRACT
Background: Virtual patients (VPs) can be sequenced with other instructional methods in different ways.
Aim: To investigate the effect of sequencing VPs with lectures in a deductive approach, in comparison with an inductive
approach, on students’ knowledge acquisition, retention, and transfer.
Methods: For two different topics, 84 out of 87 students have participated in the lecture and VP sessions. Students from
female and male campuses have been randomly assigned to one of the two learning approaches (deductive and inductive),
yielding four experimental groups. Each group received a lecture session and an independent VP learning activity, which
either followed the lecture session in the deductive group or preceded it in the inductive group. Students were adminis-
trated knowledge acquisition and retention written tests as well as transfer tests using two new VPs.
Results: There was no significant effect for the learning approach on knowledge acquisition or retention, while for know-
ledge transfer, males have benefited from the inductive approach in topic 1 while in the more complex topic 2, they have
benefited from the deductive approach. On the other hand, females seem to be largely unaffected by learning approach.
Conclusions: Sequencing VPs in inductive and deductive learning approaches leads to no significant differences on
students’ performance when full guidance is offered in the inductive approach.

Introduction

Virtual patients (VPs) are specific types of computer-pro-
grams that simulate real-life clinical scenarios; learners imi-
tate the roles of health care providers to obtain a history,
conduct a clinical examination, and make diagnostic and
therapeutic decisions (Cook and Triola 2009).

The potentials of VPs in promoting deep learning, reduc-
ing medical errors, knowledge gain and transfer (Berman
et al. 2016) have motivated educators to question how to
use and sequence VPs with other instructional methods in
order to have tangible effects on learning outcomes (Cook
and Triola 2009; Cook et al. 2010; Ellaway et al. 2015) and
positive influence on students’ perceptions (Huwendiek
et al. 2013).

Virtual patients can be sequenced with other instruc-
tional methods in different ways (Huwendiek et al. 2013),
as they can be presented either before the lecture (induct-
ive approach) or after the lecture (deductive approach). A
deductive learning approach refers to introducing theoretical
knowledge followed by its practical applications and exam-
ples (Gavriel 2015). In such an approach, the students
attend a lecture before handling an authentic problem or a
task (Prince and Felder 2006). The instructions presented in
the lecture serve as supportive information for task execu-
tion or problem solving (Vandewaetere et al. 2015).

On the other hand, the inductive approach refers to the
process of moving from real practical situations towards
theoretical and generalized concepts (Gavriel 2015). In such

an approach, the student is confronted by a problem fol-
lowed by another form of instruction (Prince and Felder
2006). The problem stimulates the students to discover
their knowledge gap, which first raises their situational
interest and increases their desire to learn. Once students
get saturated with knowledge through other forms of
instruction, their desire to learn decreases (Schmidt et al.
2011). Situational interests are interests that are triggered
temporarily by environmental factors such as task instruc-
tions or an engaging text, thus these interests are more or
less under the direct control of educators (Schraw et al.
2001).

A deductive learning approach is more applicable in sit-
uations that involve large group teaching, and it is the
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dominant instructional approach in a discipline-based cur-
riculum (Harden et al. 1984). It might work better for learn-
ers with previous experience, as they already have
knowledge structures (schema) relevant to the topic in their
long-term memory. Therefore, the process of associating
new knowledge elements with each other (schema con-
struction) or with prior knowledge (schema elaboration)
results in a germane cognitive load on working memory
which enhances learning (Van Merrienboer and Sweller
2010). Although this learning approach is criticized for
being more teacher-centered (Harden et al. 1984), it still
can positively influence student achievement in an active-
learning classroom, provided that teachers are experts, can
express themselves in clear language and show their con-
cerns for their students (Rotgans and Schmidt 2011).

On the other hand, the inductive approach works well in
small group settings (like problem-based learning), is more
appropriate for learners with relative low expertise who are
eager to learn more about the topic and, therefore, it pro-
vokes their situational interest (Schmidt et al. 2011).
Although it is considered as a student-centered learning
approach, as students have to construct their own know-
ledge by selecting and integrating information across mul-
tiple literature resources, still the role of the tutor is crucial
in such an approach. The tutor provides scaffolding to the
learners by guiding them to the relevant learning resources,
facilitating the discussion and creating a learning environ-
ment in the classroom that leads to exchange of ideas
(Schmidt et al. 2011).

In a deductive approach, VPs can be used as an authentic
context for knowledge application in an independent learn-
ing activity that follows, for instance, a lecture. In an induct-
ive approach, VPs can be used as a trigger for students to
be aware of their knowledge gap. In both approaches, pre-
senting the students with problems through VPs gives
more meaning or relevance to the acquired knowledge
(Fyrenius et al. 2005), and it is determined that the level of
acquisition and retention of meaningful knowledge is
higher than that of meaningless knowledge (Fyrenius et al.
2005; Schmidt and Rikers 2007). Students store their own
interpretation of what is lectured rather than store informa-
tion as taught. Therefore, when students apply what they
learned, acquisition, retention and transfer are enhanced
(Schmidt et al. 2015). Knowledge transfer to new settings
or problems, different from the original learning context,
requires variability in practicing authentic problems in a
real or simulated environment to increase the number and
complexity of schemata in long-term memory (Gentile
2000; Van Merrienboer and Sweller 2010).

Jones et al. (2008) evaluated students’ perception
toward both deductive and inductive learning approaches.
They stated that the inductive approach is better than the
deductive approach for generating students’ interest,
remembering facts, and comprehension, while the deduct-
ive approach enabled a greater content coverage in a given
time. Others argued that solving complex problems without
any prior knowledge of the topic or appropriate support or
guidance by a tutor imposes high load on working memory
and leads to slow and inefficient learning (Kirschner et al.
2006; Clark et al. 2012). Wijnia et al. (2014) found that
studying integrated model answers during self-study in a
PBL setting (inductive approach) is more effective than let-
ting students construct their own answers by selecting and

integrating information across multiple literature resources.
Such result was accompanied by equal investment of men-
tal effort during the study phase of both groups, which
indicates that even within an inductive learning approach,
still there is an effective role for direct instructions.

Although Huwendiek et al. (2013) reported a qualitative
analysis of students’ perceptions toward the optimal
sequence of VPs with other instructional methods, still such
sequence might not be the most effective one. Our study
aimed to investigate the effect of sequencing VPs with lec-
tures on students’ knowledge acquisition, retention and
transfer, leading to the research question: Is sequencing
VPs with lectures in a deductive approach (i.e. VP after lec-
ture) more effective than sequencing them in an inductive
approach (i.e. VP before lecture), on students’ knowledge
acquisition, retention, and transfer?

Method

Participants

The study was conducted at a dental school that involves
two separate campuses for male students and female stu-
dents. For the purpose of this study, both male and female
students were invited to attend the teaching, learning and
assessment sessions in the same classroom but at different
times for the two genders. All students who were regis-
tered for the first time in the oral and maxillofacial surgery
course for the academic year 2016/2017 (first semester)
were invited to participate voluntary in the study (N¼ 87).
The study involved the use of eight VPs for learning and
assessment purposes. It targeted two topics, which are
impacted wisdom teeth (topic 1) and maxillofacial trauma
(topic 2) within the same course.

The male students were randomly assigned into two
groups as follow: male/inductive (n¼ 22) and male/deduct-
ive (n¼ 21). The same was true for the female students,
who were randomly assigned into female/inductive (n¼ 22)
and female/deductive (n¼ 22) groups.

Materials

Virtual patients
Eight VPs were used. Four of which (two VPs per topic)
were used in the VP learning activity sessions, while the
other four (two VPs per topic) were used for assessment
purpose. They have been delivered as computer-based
transfer tests two weeks after the lecture and VP learning
sessions.

For the VP sessions, the VPs had a branched-tree
dynamic design, and were based on real patient scenarios.
Real patient radiographs, lab results, intra-oral photos, and
records for other special investigations were used at differ-
ent stages of VPs path, while two-dimensional graphics
were used to represent different clinical settings, and differ-
ent characters within the VPs (Supplementary Appendix 1).

During practice, each VP branched based on student’s
choices on crucial decisions such as definitive diagnosis,
selecting a specific surgical procedure, or admitting the
patient to a hospital. The students selected each decision
from a shortlist of options. If correct, the student stayed in
the main VP path, while if wrong, the student followed the
consequences of the decision taken till the next node,
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where he/she was directed back to the main stream. The
VP provided immediate feedback to the students on know-
ledge questions as either correct or incorrect, while the
overall score, which was calculated based on the total num-
ber of correct answers, was displayed after the VP had
been completed by students.

For assessment, the VPs’ design was similar to the VPs
that were used in the VP sessions but they provide only a
summary report that shows the final score, which is the
percentage of correct items to the total number of items.

Measurement instruments. Three tests were constructed
for each topic: a knowledge acquisition test (KA), a know-
ledge retention test (KR), and a knowledge transfer test
(KT). KA and KR were paper-based tests that are similar in
format, difficulty and number of items, while KT was a com-
puter-based test that involved the use of four VPs (two VPs
for each topic).

The KA tests for topics 1 and 2 were delivered immedi-
ately after the lecture and VP sessions of topics 1 and 2,
respectively. Each test involved 25 multiple choice ques-
tions (MCQs), in which each question involves four options.
The KR tests were unannounced and delivered two weeks
after the immediate KA tests of topics 1 and 2, respectively.

All questions were retrieved from the department item
bank that contains questions that have been used before
and showed a difficulty index of 0.2 to 0.8 and a discrimin-
ation index larger than 0.1. Two subject matter experts
established the content validity of test items through test
blueprint, and test revision. They also developed and
agreed on the scoring key for all questions. The tests were
scored electronically. All paper-based tests were con-
structed to measure factual knowledge (e.g. the complica-
tion associated with specific procedure, the risk of damage
to certain vital structure, specific terms that describe certain
phenomena, the signs and symptoms of specific condi-
tions), conceptual knowledge (e.g. classify an impacted
tooth or a specific fracture, estimate the degree of difficulty
of specific surgical procedure based on the presented
vignette), and strategic knowledge (e.g. request a specific
investigation, reach a diagnosis, choose a specific treatment
option, prescribe a specific medication based on the
patients’ condition in the presented vignette). For the KA
and KR tests, we used the same blueprint and difficulty
selection. The reliability (Cronbach’s alpha) of items of
topics 1 and 2 were 0.73 and 0.72, respectively.

The computer-based transfer tests (KT) for topics 1 and
2 were delivered unannounced immediately after the reten-
tion tests. Each test involved two new VPs. Two independ-
ent subject matter experts have validated the new VPs to
ensure that they present new situations that are relevant to
the VPs used in the learning sessions. The students took
the transfer test independently by logging in to their
account on the university learning management system.
The VP software did all scoring automatically. The final
score equals the percentage of correct answers. The results
of the tests were displayed on the final screen of the VP
and were collected by the tutor. A copy of students’ scores
was recorded on the university learning management sys-
tem for future feedback. The tests targeted mainly strategic
knowledge of the relevant topics. The student had to
request the appropriate radiograph, interpret the relevant

lab test, choose the correct diagnosis, admit the VP to the
hospital, select a specific surgical procedure, consent the
patient before surgery, and finally recommend the clinical
management for a specific complication.

Procedure

The interventions consisted of two parts: a lecture session,
which was the same per topic for all experimental groups,
and an independent VP learning activity, which either fol-
lowed the lecture session in the deductive group or pre-
ceded it in the inductive group (Figure 1).

Lecture session: all students received the same lecture
that involved a PowerPoint presentation for 90min with a
10-min break halfway. The lecture was designed and pre-
sented to target predefined learning objectives of both
topics. The objectives were mainly related to diagnosis of
specific conditions through identifying the relevant history,
signs and symptoms, required investigations. The lecture
also covered formulation of treatment plans through mak-
ing the students aware of the indications and contra-indica-
tions of every treatment option, and factors that would
affect the outcome of specific surgical procedures. Two
subject-matter experts revised the lecture content and
structure, and the same faculty member delivered the lec-
ture to both the male and female groups.

Virtual patient session: each student accessed a com-
puter in the computer lab and worked individually on two
different VPs from the beginning till the end of the session,
which lasted for one hour. The role of the tutor was limited
to helping the students with any technical problems during
their interaction with the VPs.

One month later, topic 2 was presented in the same
manner as the first topic. Student groups who have prac-
ticed the VPs after the lecture session (deductive) in topic 1
were now asked to practice the VPs before the lecture ses-
sion (inductive) in topic 2 and vice versa.

Data collection and analysis

Data were collected by the college’s statistical unit then
coded and analyzed using SPSS Software (SPSS 22.0, SPSS
Inc., Chicago, IL, USA). For both topics 1 and 2, two-way
ANOVA was used to measure the influence of the learning
approach (deductive/inductive) and gender (male/female)
on the scores for KA, KR, and KT (dependent variables). A p
value less than 0.05 is considered significant.

Ethical approval

The study was reviewed and approved by the University
Ethical Committee. IRB number: IRB-2015-02-099.

Results

Eighty-four out of 87 students have participated in the lec-
ture and VP sessions of topic 1 (43 females and 41 males)
and topic 2 (44 females and 40 males).

Table 1 provides the means, standard deviations for all
scores of topics 1 and 2 per learning approach (deductive
and inductive) and gender (males and females). KA1 is the
knowledge acquisition test, KR1 is the knowledge retention
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test, and KT1 is the knowledge transfer test in topic 1. KA2,
KR2, and KT2 are the same tests for topic 2.

For topic 1, there was no significant effect of learning
approach on scores of different tests (Figure 2(a)). However,
there was a significant effect for gender F (1, 83)¼ 26.4,
p< 0.05, gp2¼ 0.24, as females (M¼ 87.6, SD¼ 9.4) scored
significantly higher than males (M¼76.9, SD¼ 9.2) in KA1.
The same was true for KR1; F (1, 83)¼ 9.8, p< 0.05,
gp2¼0.10, and KT1; F (1, 83)¼ 7.9, p< 0.05, gp.2¼ 0.09.
However, the main effect of gender on KT1 cannot be sens-
ibly interpreted because there is a disordinal interaction.

There was a significant effect for the interaction
between gender and learning approach on KT1; F (1,
83)¼ 4.9, p< 0.05, gp2¼0.05, The males do better in the
inductive strategy (M¼ 72.8, SD¼ 10.7) than in the deduct-
ive strategy (M¼ 66.4, SD¼ 8.0), but the opposite is true for

the females, who do somewhat better in the deductive
strategy (M¼ 77.6, SD¼ 10.5) than in the inductive strategy
(M¼ 73.5, SD¼10.8).

For topic 2, there was no significant effect of the learn-
ing approach on KA2 and KR2 (Figure 2(b)). However, there
was a significant effect for learning approach on KT2; F (1,
83)¼ 4.0, p< 0.05, gp2¼ 0.04 as the deductive group
(M¼ 49.0, SD¼ 12.3) scored significantly higher than the
inductive group (M¼44.4, SD¼ 10.9). However such effect
cannot be sensibly interpreted because, again, there is a
disordinal interaction. As shown in Table 1, there is a sig-
nificant effect for the interaction between gender and
learning approach on KT2; F (1, 83)¼ 6.6, p< 0.05,
gp2¼ 0.07, the females (M¼ 49.3, SD¼ 9.9) outperform the
males (M¼ 39.0, SD¼ 9.6) in the inductive approach, but in
the deductive approach, the females (M¼ 47.9, SD¼ 14.7)

Lecture

VP

V
P

KA Test

2 Weeks 
later

VP

Lecture

VP

V
P

KA Test

2 Weeks 
later

VP

KR Test KT Test

KR Test KT Test

Lecture

VP

V
P

KA Test

VP

KR Test KT Test

2 Weeks 
later

Lecture

VP

V
P KA Test

2 Weeks 
later

VP

KR Test KT Test

Topic 1

Topic 2

Figure 1. The process of using VPs in both inductive and deductive approaches followed by three tests for: knowledge acquisition (KA), knowledge retention
(KR) and knowledge transfer (KT). One month later, student groups who have been involved in VPs after the lecture in topic 1 were asked to practice VPs
before the lecture in topic 2 and vice versa.

Table 1. Means and standard deviations for all scores of topics 1 and 2 per learning approach (deductive, inductive) and gender (males and females).

Topic 1

Males Females

Inductive (n¼ 20) Deductive (n¼ 21) Inductive (n¼ 22) Deductive (n¼ 21)

M SD M SD M SD M SD p Value

KA1 78.2 9.4 75.8 9.2 87.8 9.1 87.4 10.0 >0.05
KR1 59.6 16.0 55.2 10.7 68.9 11.9 63.6 12.5 >0.05
KT1 72.8 10.7 66.4 8.0 73.5 10.8 77.6 10.5 <0.05�

Topic 2

Males Females

Inductive (n¼ 20) Deductive (n¼ 20) Inductive (n¼ 22) Deductive (n¼ 22) p Value

KA2 68.0 13.8 71.8 13.0 72.0 10.7 64.3 10.1 <0.05�
KR2 53.0 12.0 55.4 13.6 71.6 10.0 67.0 9.7 >0.05
KT2 39.0 9.6 50.2 9.1 49.3 9.9 47.9 14.7 <0.05�
KA1 is knowledge acquisition test, KR1 is knowledge retention test, and KT1 is knowledge transfer test in topic 1. KA2, KR2, and KT2 are the same tests for
topic 2.�A p value less than 0.05 is considered significant.
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do not score higher than the males (M¼ 50.2, SD ¼9.1).
Therefore, males profit more from a deductive approach
(M¼ 50.2, SD ¼9.1) compared to an inductive approach
(M¼ 39.0, SD ¼9.6).

In regard to the effect of gender, there was a significant
effect F (1, 83)¼ 36.8, p< 0.05, gp.2¼ 0.31; as females
(M¼ 69.3, SD ¼10.0) scored significantly higher than males
(M¼ 54.2, SD¼ 12.7) in KR2. There was also a significant
effect for the interaction between gender and learning
approach on KA2; F (1, 83)¼ 4.7, p< 0.05, gp.2¼ 0.05, the
females profit from an inductive approach (M¼ 72.0, SD
¼10.7) compared to a deductive approach (M¼ 64.3, SD
¼10.1), while the males, in contrast, profit somewhat from
a deductive approach (M¼ 71.8, SD ¼13.8) compared to an
inductive approach (M¼ 68.0, SD ¼13.8).

Discussion

The current study explored the effects of sequencing VP
with lecture, in two different learning approaches, on
students’ knowledge acquisition, retention, and transfer.
The study showed no significant difference between
students’ scores in knowledge acquisition and retention in
both topics when the VP is sequenced in an inductive or a
deductive approach. In regard to knowledge transfer, there
was no significant difference between both learning
approaches on students’ scores in topic 1, while for topic 2,
the deductive group scored significantly higher than the
inductive group. We could, however, not sensibly interpret
such effect due to a disordinal interaction between gender
and learning approach.

We attribute the lack of difference between both learn-
ing approaches on students’ performance to the level of
guidance in both approaches. The deductive approach
moved from theory to application using the VPs and the
inductive approach presented the problem then the theory,
yet direct instruction was provided in both approaches. In
instructional design, the level of guidance could vary from
totally unguided discovery to full guidance through direct
instruction. Our study might have shown a difference in
favor of the inductive approach if the students were given
an opportunity and enough time to explore learning
resources to find answers for questions presented in the
VPs.

Yet, when we consider gender as an independent vari-
able, males scored higher in the inductive approach in
topic 1 and in the deductive approach in topic 2 on the

knowledge transfer tests. Females, however, seem to be
largely unaffected by learning approach. We attribute the
differences in the male results to the nature of the contents
provided in topics 1 and 2.

In topic 1, the VP session addressed one specific condi-
tion (impacted wisdom teeth). Students interpreted signs
and symptoms, requested the relevant investigations and
formulated a treatment plan that is relevant to one condi-
tion only in a purely convergent type of thinking.
Therefore, students were able to manage the cognitive
load of topic 1 that was most likely within the capacity of
working memory because it was only one condition.

There are different types of cognitive loads that can col-
lectively impair learning if they overload working memory
capacity (Young et al. 2014). Intrinsic load, which is relevant
to the given content, is a function of the complexity of the
material, that is, the number of elements presented
(amount of given content) and the interaction between
such elements (similarities in signs and symptoms, investi-
gations, treatment plans of different conditions) (Young
et al. 2014). The extraneous load depends on the quality of
instruction and the surrounding physical environment (Choi
et al. 2014; Young et al. 2014). In our study, all groups
received the instructions in the same classrooms, so we
assume that the physical environment effect was the same.

On the other hand, topic 2 (maxillofacial trauma) was
relatively more challenging because it addressed multiple
conditions. During the VP session, students had to interpret
signs and symptoms that are relevant to fracture mandible,
mid-face, zygoma and orbit and then formulate a treatment
plan based on different clinical and radiographic findings.
Such conditions involved interactions between multiple ele-
ments. In other words, there were overlaps between signs,
symptoms, radiographic investigations and methods of fixa-
tions of different fractures. Such interactivity resulted in a
high intrinsic cognitive load.

The male/inductive group might not be able to handle
the intrinsic load of topic 2 when exposed to the VP before
the lecture. The knowledge gap could have been big
enough to hinder rather than stimulate students’ situational
interest. Previous studies showed that complex problems
without any prior knowledge of the topic imposes high
load on working memory and leads to slow and inefficient
learning (Clark et al. 2012), and the situation could be even
worse if minimal guidance is provided to novice students
working on complex problems (Kirschner et al. 2006), as
was the case in the current study. On the other hand, the
male/deductive group was able to process and store some

Figure 2. Students’ scores in different tests of topics 1 (a) and 2 (b) per learning approach.
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information in long-term memory during the lecture, which
resulted in attaining higher scores for the males/deductive
than the male/inductive group in Knowledge transfer test
of topic 2.

The high intrinsic load of topic 2 did not only hinder the
ability of the male/inductive group to construct a well-
organized knowledge schema, but it affected generally
knowledge acquisition, retention and transfer of both
groups as there was a trend of lower scores for topic 2
when compared with students scores in topic 1. Both
groups had to deal with the full complex problems in VPs
during one learning session, however managing the intrin-
sic cognitive load requires dealing with isolated elements
(low element interactivity) first and then gradually works
up to the tasks in their full complexity (Van Merrienboer
and Sweller 2010).

In topic 1, students in both approaches attained high
scores in KA and KT. We may consider such results as a
form of productive success. Productive success is the ability
of students to perform well in the shorter term (KA) in
combination with effective learning (solving real problems)
in the longer term (KT) (Kapur 2016). The main reason
behind such performance is the appropriate correlation
between the amounts of guidance (direct instructions
before or after the VP in our study), complexity of the pre-
sented problems (VPs), and the students’ prior knowledge
(Kapur 2016).

In topic 2, there was a drop in scores in KT when com-
pared to KA for all groups. We consider the low achieve-
ment in KT a form of unproductive success. Unproductive
success is the ability of students to perform well on the
shorter term (KA) without effective learning in the longer
term (KT) (Kapur 2016). The main reason behind such phe-
nomena is that students get benefit from the direct instruc-
tions without any added value for the given problems
(VPs). In direct instructions, novice students do not have
the necessary prior knowledge differentiation to be able to
notice and encode critical features of domain knowledge,
which might lead to underperformance that is not so much
in terms of acquisition but more in conceptual understand-
ing and transfer (Kapur 2016).

Our study has provided a practical implication for the
use and sequence of VPs with lectures. The study suggests
that sequencing VPs in either an inductive or deductive
approach does not make a significant difference on
students’ performance when full guidance is offered in the
inductive approach. Moreover, we imply that complex
topics are preferably presented using VPs in a deductive
learning approach, which is aligned with students’ preferen-
ces in Huwendiek et al. (2013) study. However our sugges-
tion would profit from future studies that use larger
number of VPs.

Our study is not without limitations. It has abstracted
the inductive learning approach to presenting the VP
(problem) before the lecture (direct instruction) without
allowing the students to search and integrate information
independently across multiple learning resources. In our
view, sequencing VP in an inductive or deductive approach
should carry differences in the amount of guidance and
complexity of both the VP and the lecture to optimally
scaffold learning (e.g. more guidance and possibly less
complex VP needed if prior to lecture). However, our aim
was to ensure that there is no variability in the presented

content between the inductive and deductive groups.
Therefore, direct instruction (lecture) was provided in the
inductive approach to cover exactly the same content as in
the deductive approach. The study has also involved gen-
der as a factor in its design, which was mainly due to cul-
tural factors as males and females are separated in two
different campuses. Future research would benefit from
exploring the effect of sequencing VP and lecture with dif-
ferent amount of guidance and complexity using large
number of VPs on other outcomes variables such as per-
formance on real patients.

Conclusions

Sequencing VPs in inductive and deductive learning
approaches leads to no significant difference on students’
performance when full guidance is offered in the inductive
approach.
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Glossary

Deductive learning approach: Introducing theoretical know-
ledge followed by its practical applications and examples. In
such an approach, the students attend a lecture before han-
dling an authentic problem or a task. The instructions pre-
sented in the lecture serve as supportive information for task
execution or problem solving.

Inductive learning approach: The process of moving from real
practical situations towards theoretical and generalized con-
cepts. In such an approach, the student is confronted by a
problem followed by another form of instruction. The problem
stimulates the students to discover their knowledge gap, which
first raises their situational interest and increases their desire to
learn.
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