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Abstract: ICT is thought to be successful in helping students to learn more deeply and actively. Despite its popularity,
evidence as to its effectiveness is undergoing increased scrutiny. This article reports on the empirical investigation of the
implementation of two interactive animations. Questionnaires measured students’ learning styles, ICT competence and
students’ impressions of the animations. In Study I, medical students were matched-paired into experimental and control
groups, and their performance was compared by a short written test. In Study Il, physiotherapy students were arranged
into two pre-existing groups. The results in Study | showed that there was no statistical difference between the control and
experimental groups. A positive trend was found between deep processing and general test score. Also statistical signifi-
cance was found between deep processing and three-dimensional perception. In Study I, the two groups performed
equally on a final exam, but the experimental group scored significantly higher on a specially constructed question to test
the effect of the animation. Further, Lack of Regulation had a negative effect on the scores of a final exam. The fundamen-
tal result of these small studies was that of deep learning and a lack of constructive regulative study patterns being more
relevant for the learning tasks than the interactive applications themselves. This has implications for teachers who should

explore alternative teaching strategies to promote deep learning.

Keywords: Interactive learning environments, educational applications, deep approach.

INTRODUCTION

Many educators share the covert assumption that infor-
mation communication technology (ICT) can help students
of any domain to learn more effectively [1]. Medicine is not
an exception, and because medical education is a complex
and ill-defined domain, the main difficulty is to find an effi-
cacious way of conveying the large amount of background
knowledge necessary for the practice of medicine [2]. A cor-
rect implementation of ICT should, at least in theory, stimu-
late deep and active learning and understanding, rather than
superficial and passive information processing. The deep
approach to learning is characterized by an intention to un-
derstand material, relating ideas to one’s previous knowl-
edge, and relating evidence to conclusions [3]. The surface
approach is characterized by an intention simply to repro-
duce parts of a content, passive acceptance of information
and ideas and memorizing facts routinely [3]. Educational
research affirms that the approaches the students embrace
can predict how they will learn and succeed in their studies
[3-6]. Students who adopt a deep approach are able to regu-
late their own learning [7] and more likely to adapt to differ-
ent learning environments. However, there is also recent and
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contrasting evidence that in general no powerful predictors
of learning in higher education have been identified [8].

The ability to actively interact with learning applications
is claimed to positively influence user attitudes towards the
learning environment by enhancing learners’ motivation [9].
All this should be due to multi-sensorial engagement. Also,
according to cognitive-load theory, information presentation
techniques should be designed to ease the load on working
memory and consequently facilitate learning through mental
model acquisition and automation [10]. Indeed, 3D Embryo
and Movement in Space were produced with the idea of fa-
cilitating the creation of mental models of two different and
complex phenomena. However, based on the fact that tech-
nology alone is not a sufficient condition to enhance learning
[11], we wanted to test the extent of the effect of deep ap-
proach and the interplay between previous IT skills and the
interactive multimedia.

THE TWO APPLICATIONS
3D Embryo

3D Embryo is an interactive animation of a specific pe-
riod of the human embryonic development. It was produced
by two medical students, Hanna Reuterborg and David
Ortoft, to facilitate the understanding of early embryology.
Their idea behind the multimedia application was to simplify
complex medical processesin an innovative way. 3D
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Embryo graphically elucidates what happens at overlapping
times when several layers of tissue develops into differenti-
ated organs and parts of the more familiar foetus. The appli-
cation provides short explanations of concepts and items
related to the animation but does not provide though any
performance support in terms of self-test.

Movement in Space

Movement in Space is an interactive animation that simu-
lates a person’s movements within a reference structure in
space—the Cartesian coordinate system (http://mediabyran.
kib.ki.se/animations/movement.html). It was produced and
developed by Thomas Nixon and Helga Hirschfeld who were
concerned about the difficulty that physiotherapy stu-
dents have in understanding machine-generated graphs for a
correct diagnosis of the patient’s disability. Movement in
Space graphically explicates how human movement is ac-
complished by the use of terms position, velocity and accel-
eration, kinematics and biomechanics definitions. The appli-
cation provides a self-test module to evaluate the understand-
ing of these aforementioned definitions.

METHODS
Study |
Participants and Procedure

The participants were first-year medical students taking
an undergraduate cell biology course, which included em-
bryology. Ninety-two out of about 130 students attending the
course elected to participate in the study and were informed
of the rights as participants, according to Swedish Medical
Research Council guidelines. Only complete data from 88
(67%) participants could be used. Fifty-seven were females
and 31 males.

The research study was randomized matched-pairs
experimental design. At the outset, the participants were
divided into two clusters that are as similar as possible on the
characteristics of previous knowledge of the subject of em-
bryology, entrance basis to the medical program and gender,
information that originated from the department and a ques-
tionnaire that students answered beforehand. Then, we ran-
domly choose one of the two clusters to be the experimental
group and the other to be the control.

The two groups of students followed the same periods
throughout the course up until the developmental biology
period, and more specifically the early embryology part of
that period. Subsequently, for one day the groups followed
separate tracks. The experimental group was taught by aid of
slides and 3D Embryo, whereas the control group without
the use of 3D Embryo. The students in the experimental
group had a further 2-hour study session in a computer labo-
ratory using 3D Embryo. After a week from the lectures and
lab both groups were tested on the subject of early embryol-
ogy. The control group did not experience 3D Embryo only
until after the test.

MATERIAL AND DATA

The Inventory of Learning Styles and Students’ Impres-
sions Questionnaires

A few weeks before the beginning of the one-day sepa-
rate tracks program the students answered a questionnaire
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that investigated the students’ learning styles and attitudes to
ICT [12]. The instrument measured deep processing, step-
wise processing, Self-regulation, and Lack of Regulation
[13]; Time Management [14]; and IT Competence [12]. The
deep and stepwise processing scales are similarly to the deep
and surface approaches to studying dimension of Marton
and Séljo [3].

The reason for adopting such a combined approach is
related to the way in which aspects of the learning styles
could easily be linked to various characteristics of the learn-
ing environment and the application, 3D Embryo. The re-
sponses were structured as a five-point Likert scale ranging
from 5 (Highly Agree) to 1 (Highly Disagree), keeping with
the original format.

The test

A week after the lecture and the lab, the students took a
short paper-and-pencil test to assess the effects of 3D Em-
bryo as a learning tool. The test assignment was composed
of questions designed to examine various aspects of under-
standing of the subject of early embryology: what, the ability
to retrieve factual information, (2 questions); why, the ability
to contextualize and conceptualize information, (2 ques-
tions); 3D/visualization, use of spatial abilities, (2 ques-
tions); and parallel process, the ability to relate several
events starting and ending at different times but occurring
concurrently, (2 questions); a total of eight questions.

Statistical Analysis

We used basic statistics, box plots, to test the homogene-
ity of the two groups on several factors, and a t-test com-
pared the test scores between the two groups. One-way
ANOVA:S tested the significance of each of the scale of the
inventory. Spearman rank order correlation found out the
relations between factors. And two-way ANOVASs were used
to test main effects between factors.

Study 11
Participants and Procedure

The participants were second-year physiotherapy stu-
dents taking an undergraduate course in Kinesiology, which
included kinematics theory and movement analysis with re-
spect to a three-dimensional reference system in space. All
students (61) in the course participated in the study, and
were informed of their rights as volunteer participants. How-
ever, we collected complete data of only 44 (72%) students.
Twenty-six were females and 18 males.

The research study we utilized was a cohort design. Be-
ing such, we could not control for any variance in or homo-
geneity of the groups. The participants were two pre-existing
study groups and each was randomly assigned to be either
control or experimental group. The two groups of students
followed the same periods throughout the course up until the
laboratory session. There, they both would practice hands-on
movement analysis with traditional instruments but in two
distinct periods in order to make available the interactive
simulation only to the experimental group. Both groups re-
ceived the same amount of instruction and lecture time. Ten
days after, both groups took a written examination.
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Fig. (1). The two graphs show the results of the one-way ANOVAs of the deep (A) and stepwise (B) processing scales when compared
against the test scores. The average test score is presented on the Y-axis, while the processing scales are shown on the X-axis.

MATERIAL AND DATA
The Inventory of Learning Styles

As in study I, in the present study we combined several
instruments to measure different aspects of our research
question. A few days before the laboratory session the stu-
dents answered a questionnaire that investigated the stu-
dents’ learning styles and attitudes to ICT. The instrument
used was the same as in Study | (see Section Material and
Data in Study 1), as well as the format and the reason for
adopting it.

The Examination

The examination the students took was in pencil-and-
paper format and contained a blend of short-essay, multiple-
choice and short-phrase answers about general physiotherapy
knowledge. One question, divided in four parts and giving 0-
4 points, tested the understanding of movement analysis with
respect to the three dimensional coordinate system in space
and compared the two groups on the outcome measure.

Statistical Analysis

We carried out the same analyses as in Study I. A t-test
for independent groups compared the exam scores and the
movement analysis question between the two groups.
Spearman rank order correlation found out the relations be-
tween factors. One-way ANOVAs were used to test signifi-
cance between the scales, two-way ANOVAs tested main
effects, and a factorial ANOVA tested the interaction.

RESULTS
Study |

The comparison of the test scores of the two groups
showed that on average the experimental group scored
slightly higher than the counterpart, but the difference was
not statistically significant.

One-way ANOVAs of the deep processing scale showed
a positive trend. As the use of the deep processing learning
style increased (from 1 to 5), the tendency of a higher score

in the test also increased (F(4,83) = 2.383, p = 0.057). This is
also inversely proportional to the stepwise scale, which de-
creases with higher test scores (F(3, 84) = 0.551, p = 0.648)
(Fig. 1).

Two-way ANOVA showed main effects of the deep
processing scale against the visualization question (F(4,82) =
2.668, p = 0.037). The students who scored higher on the
deep processing scale also obtain at least one right answer on
average on the visualization questions (Fig. 2).
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Fig. (2). The graph represents the result of a two-way ANOVA. On
the X-axis it is represented the deep processing learning style, while
effect on the average score on the visualization question is showed
on the Y -axis.

We also observed a main effect for entrance to medical
program (F(2,82) = 3.456, p = 0.036); on average those en-
tering the program by means of an exam scored higher on
our test than those entering via interviews or grades (Fig. 3).

In addition we carried out Spearman correlation to check
of any relations between the factors considered (Table 1). A
strong, positive correlation was found between Self-
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Fig. (3). This graph represents the main effect on test scores for
means of entrance to the medical program. The graph represents the
average test score, on the Y-axis, distributed along the various en-
trance bases to the program-interview, grades and test-showed on
the X-axis.

regulation and deep processing scales (R = 0.63). Other
week and positive correlations were found between stepwise
processing and Time Management (R = 0.35), deep process-
ing and test scores (R = 0.34), and deep processing and visu-
alization question (R = 0.31).

Study 11

When comparing the exam scores of the two groups with
a t-test, the experimental group scored higher (63.1) than the
control group (58.9) on average. Although we saw a positive
trend, the difference was not statistically significant (t(42) =
-0.71, p = 0.478). The box plot and t-test of the two groups
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compared on the movement analysis question showed in-
stead the experimental group scored statistically higher
(t(42) =-2.043, p = 0.047).

ANOVA analysis showed that higher marks on the scale
Lack of Regulation corresponded to lower exam scores
(F(2,40) = 3.678, p = 0.034). A factorial ANOVA was used
to test the main effects and interaction of IT Competence and
the score on the movement question. In this case, the control
group who on average scored lower marks on the IT Compe-
tence scale scored higher on the movement question (F(2,38)
= 4,155, p = 0.023) (Fig. 4). There was also interaction ef-
fect; on average the experimental group who revealed ICT
skills scored higher than the control group on the movement
analysis question (F(2,38) = 8.700, p = 0.0007).

Spearman correlations analysis revealed a positive corre-
lation between Exam score and Movement analysis question
(R = 0.56) (Table 2). We also found weak negative correla-
tions between the scales lack of regulation and deep process-
ing against the exam score factor (R = -0.32, respectively for
both), between the groups and the factor traditional learning
(R =-0.33), and between IT Competence and the factor tra-
ditional learning (R = -0.38). IT Competence and Movement
analysis factors (R = -0.40) as well showed a negative corre-
lation. Also a positive and week correlation was found be-
tween groups and the Movement question (R = 0.30).

DISCUSSION
Study |

Our results show that the interactivity and third dimen-
sion of 3D Embryo did not help the students in getting
higher marks on our test when compared to students who did
not use the three-dimensional tool. As Garg et al. [15] stated
“...these advantages may be more imagined than real.”

Table 1. Spearman Rank Order Correlations, Study |
Groups Entrance \gi;;g:_ Stepwise Lack of I\-/Ir;r:aeg Deep Self-Reg. Colr-lr-lp. Ij-eI::jﬁ. SIS:ZS
Groups 1.00
Entrance -0.17 1.00
Visualiza- -0.07 0.06 1.00
tion
Stepwise 0.03 0.07 -0.11 1.00
Lack of Reg. 0.06 -0.07 -0.21 0.15 1.00
Time 0.09 0.02 0.02 *0.35 *-0.36 1.00
Manag.
Deep -0.10 0.01 *0.31 0.07 -0.12 0.24 1.00
Self-Reg. 0.04 -0.11 0.22 0.19 -0.05 0.29 *0.63 1.00
IT Comp. -0.13 -0.19 -0.04 0.03 -0.05 0.04 -0.00 0.13 1.00
Trad. Learn. -0.09 0.17 -0.06 0.09 -0.07 -0.02 -0.11 -0.02 -0.25 1.00
Test Scores -0.06 -0.03 *0.59 -0.11 -0.20 0.05 *0.34 0.10 0.07 -0.03 1.00

*Marked correlations are significant at p < 0.05.
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Fig. (4). The graph represents the factorial ANOVA used to test the
main effects of IT Competence (X-axis) and groups (dotted line =
control group; full line = experimental group) on the score of the
Movement analysis question (Y-axis) and interaction between the
groups and IT Competence.

Instead, the deep processing scale of the learning styles
questionnaire showed an interesting trend. The results indi-
cated that the students who adopted a deep processing learn-
ing style were able to score higher marks than those who
adopted stepwise processing, no matter the use of a three-
dimensional aiding application. Moreover, the students
adopting the deep processing style also obtained on average
one out of the two visualization questions right, again re-
gardless the use of 3D Embryo.

An interesting outcome was that of higher test scores on
average for those students entering the medical program
through a general exam. This result is in contrast to that of a
local report [16] for which those students admitted on the
basis of an aptitude test are lower achievers. However, this
result must be taken with caution since a small test like the
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one used in this study cannot possibly explain the complex-
ity of recruitment to the medical programme.

The research instrument confirmed the conventional cou-
pling of the Self-regulation and deep processing scales dem-
onstrated by the strong correlation coefficient between these
factors, showing consistency and reliability of the scales.
Furthermore, previous ICT competence did not have any
influence on learning from a simulation.

Study 11

In Study II, contrary to the previous, we had the opportu-
nity to analyse the data from the final exam of the course.
Clearly, the final exam did not only test movement analysis
but also other aspects of physiotherapy taught in the course.
However, one question, divided in four possible parts, tested
the analysis of human movement accomplished by the use of
terms position, velocity and acceleration. In regards to the
results on the overall test, the two groups of students per-
formed similarly, although they differed on the score of the
movement analysis question, with the experimental group
scoring statistically higher than the control group.

In this study, neither deep nor stepwise processing seems
to have played a part in the students’ assimilation of the sub-
ject. Lack of Regulation, often associated with surface ap-
proach to learning, proved instead to have mediated test
scores. Indeed, students who revealed a lack of regulative
mechanisms in their studying also scored much lower in the
overall test. This is to reinforce the concept that stepwise
processing, surface approach, is a dysfunctional pattern of
studying.

The analysis of ICT competence and the groups on the
movement analysis question showed some effects. Previous
ICT skills did not help the scores on the movement analysis
question. Actually, students of both groups who revealed a
lack of ICT skills scored higher marks on this question and
were able to get on average between 3-4 points, out of possi-
ble 4, which may be somewhat counterintuitive.

Table2. Spearman Rank Order Correlations, Study 11
Groups gz::z I\/IAor:/aeIr;;:t Deep Surface Strategic I\/-Ira:nm:g. LaR(;I; .Of Ij-eI::jﬁ. IT Comp.
Groups 1.00
Exam score 0.11 1.00
Movement *0.30 *0.56 1.00
Analysis
Deep -0.07 -0.15 -0.22 1.00
Surface 0.10 -0.03 -0.21 0.01 1.00
Strategic 0.00 0.07 0.07 0.28 -0.14 1.00
Time Manag. 0.17 -0.24 -0.23 -0.16 0.22 0.12 1.00
Lack of Reg. -0.06 *-0.32 -0.19 *-0.32 -0.02 -0.25 0.12 1.00
Trad. Learn. *-0.33 -0.05 -0.01 -0.20 0.12 -0.21 -0.12 0.03 1.00
IT Comp. -0.06 0.02 *-0.40 0.07 0.22 0.11 0.28 -0.20 *-0.38 1.00

*Marked correlations are significant at p < 0.05
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CONCLUSIONS 1 PPy @

Masiello I. Learning in Focus - Rethinking the Role of Technology
To date the advantage of educational technology over

in Medical Education [Doctoral Thesis]. Stockholm: Karolinska In-
. L . stitutet 2005.
traditional education is not always self-evident [19, 20]. Our [12]  Masiello I, Ramberg R, Lonka K. Attitudes to the application of a

two studies confirmed this notion. The studies showed that Web-based learning system in a microbiology course. Comput

students using a more traditional method of learning and Educ 2005; 45(2): 171-85. o )

teaching scored similarly in a performance test when com- ~ [131  VermuntJD. Inventory of learning styles in higher education. The
d to students who used a “modern” method aided by an Netherlands: Leiden University 1994.

_pare ;. . y [14] Tait H, Entwistle NJ, McCune V. ASSIST: A reconceptualization

interactive educational tool. of the Approaches to Studying Inventory. In: Rust C, Ed. Improv-

. ing Student Learning: Improving Students as Learners. Oxford,

None_theless, the results from tr_lese studies demonstrated UK: Oxford Brookes University 1998: p. 262-70.

a_nd Conf"m?d that deep <?W-’proa(:h is preferred over dySfun?' [15]  Garg AX, Norman GR, Eva KW, Spero L, Sharan S. Is there any

tional studying patterns in order for learners to succeed in real virtue of Virtual Reality? The minor role of multiple orienta-

their study, no matter the use of technology. This research tions in learning anatomy from computers. Acad Med 2002;

77(10S): S97-9.

cannot provide generallzab]e results, but it can suggest that [16] Lonka K, Hindbeck H, Scheinin P. Uppféljning av lokal antagning
teachers should pay attention to the way the students ap- till lakarutbildning vid Karolinska Institutet - genomstromning och
proach their learning since that plays a significant part in the studiepresentation  fér studerande antagna  vt1997-vt2001.
|earning process. Forskningrapport. Stockholm: Karolinska Institutet 2004 May.
[17] Rouet J-F. Designing multimedia systems for learning: Some les-
REFERENCES sons and further issues. In: Rouet J-F, Levonen J, Biardeau A, Eds.
Multimedia Learning Cognitive and Instructional Issues. Oxford,
[1] Harden RM. Evolution or revolution and the future of medical UK: Elsevier Science Ltd 2001; pp. 167-72.
education: Replacing the oak tree. Medical Teacher 2000; 22(5): [18]  Goldman SR. Issues for deeper understanding of visual learning
435-42. processes and representation. Eur J Psychol Educ 1999; 14: 295-
[2] Custers EJFM, Boshuizen HPA. The psychology of learning. In: 300.
Norman G, van der Vleuten CPM, Newble DI, Eds. International [19]  Goldman SR. Learning in complex domains: When and why do
Handbook of Research in Medical Education. Dordrecht, The multiple representations help? Learn Instruct 2003; 13: 239-44.
Netherlands: Kluwer Academic Publishers 2002. p. 163-204. [20]  Makridou-Bousiou D. The effectiveness of technology in teaching
[3] Marton F, Saljé R. On qualitative differences in learning. I - Out- high school Economics. J Information Technol Impact 2006; 6(1):
come and Process. Br J Educ Psychol 1976; 46: 4-11. 9-18.
[4] Lindblom-Yléanne S, Lonka K. Individual ways of interacting with
the learning environment -- are they related to study success? Learn
Instruct 1999; 9(1): 1-18.
Received: March 16, 2009 Revised: May 28, 2009 Accepted: May 29, 2009

© Masiello et al.; Licensee Bentham Open.

This is an open access article licensed wunder the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction in any medium, provided the
work is properly cited.



