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Abstract

Investigating multimedia learning has a long tradition and we can refer to a large 
body of empirical results. Gender-based differences and further individual factors, 
however, have not been considered as moderating variables to a large extent. The 
current article presents some preliminary results of a large-scale study aiming at 
investigating the efficacy and efficiency of multimedia learning objects for the use 
in higher medical education. The experiment described here compared text-based 
learning of blood flow effects with simulation-based learning. Interestingly, the 
results show that males as well as females could use both types of learning objects 
equally well and that they did not differ in learning styles and strategies. However, 
the results yielded very distinct differences in the impact of different learning strat-
egies on learning performance.

�.  Introduction

Gender differences in e-learning are persistently a matter of debate among psy-
chologists, educationalists, sociologists and of course among designers and devel-
opers. The increasing amount of web-based and technology-enhanced learning 
offered by schools and universities raise particular questions of gender differences 
or equity in the usage of multimedia learning objects, educational games, or edu-
cational computer simulations. 

Investigating general gender differences in performance and learning has a long 
tradition [�]. In general, research did not demonstrate consistent gender differences 
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in learning and memory [�]. Some studies yielded performance differences in spe-
cific memory tasks. For instance, Lewin, Wolgers, and Herlitz [�] or Lindholm & 
Christianson [�] found advantages for women in episodic memory tasks. Buckner 
and Fivush [5] or Friedman and Pines [6] reported women’s superiority in autobio-
graphical memory. Davis [7] or Seidlitz and Diener [8] found some evidence for 
higher performance of women in events associated with emotions. Lowe, Mayfield, 
and Reynolds [9] and Jordan, Schulz, Foster, and Matthews [�0] found advantages for 
women in verbal memory tasks and advantages for men in spatial memory tasks. 

Also, for other cognitive abilities, no large differences were found between males 
and females ([��], [��]), and differences within males or females are considered to 
be larger than differences between them. There is also research on the effects of 
different learning styles but the results vary widely. Studies suggest that men are 
generally seen to learn more abstract, intuitive, and undirected, while women are 
seen to be more analytical, more organized, but also more anxious about study 
success (cf. [��], [��]). 

However, it remains unclear whether such differences (or similarities) affect 
learning with new technologies. In web-based learning environments, experiences 
and expectations based on gender have been suggested to relate to learners’ atti-
tudes and behaviours [�5], [�6]. Gender differences were also identified within 
learning from computer-based technologies, for example, in attention, cognitive 
processing, or learning outcomes (see the meta-analyses of Astleitner and Stein-
berg [�7] or Withley [�8] for reviews).

�.  Text-Based vs. Simulation-Based Learning

The current experiment focuses on gender differences in learning performance 
with different types of learning objects. The experiment was conducted in the 
framework of a large scale study regarding efficacy and acceptance of different 
types of learning objects (i.e., traditional forms such as text and static images or 
multimedia learning objects such as simulations, animations, or video). The inten-
tion of this study is to provide a detailed empirical basis for extending and improv-
ing the learning objects used at the Medical University Graz, which are accessible 
online. For this purpose, it is highly important to evaluate the efficacy, acceptance, 
and possible individual differences (e.g., gender) of the online platform and its dif-
ferent types of learning objects. The current article presents the preliminary results 
of a comparison of text-based and simulation-based learning. 

We compared two types of learning objects, a traditional textbook lesson with 
static images and an interactive computer simulation of the same learning contents. 
We measured learning performance using a typical �x� design (type of learning 
object x pre and post-test). Additionally, we assessed learning styles and strategies. 

Learning contents for the current experiment was created from the field of 
blood vessel prosthesis; strictly speaking, the haemodialysis shunt steal-syndrome. 
In brief, the learning contents comprised effects of blood flow at specific blood 
vessel prosthesis, the so-called shunt, in dependence of various parameters, for 
example, shunt position, shunt diameter, or blood pressure.
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The text-based learning object consisted of an introductory text explaining the 
haemodialysis shunt and the steal-syndrome. The text was supplemented with a 
static image displaying a sketch of blood vessels and shunt. Blood flow effects were 
displayed with arrows. The simulation-based learning object was realized using 
Haemosim software [�9], [�0], [��], which is a JAVA-based collection of simula-
tion tools in the field of blood flow. 

To assess learning styles, we used the HALB test [��], which is a short and 
economic questionnaire in German language including acoustic, visual, active, 
or reading learning styles / preferences. To assess learning strategies we used the 
LASSI inventory [��], which differentiates ten factors related to learning strategies 
(attitude and interest, motivation, usage of time management principles, anxiety, 
concentration, information processing, selecting of main ideas, usage of learning 
support techniques, self testing, and test strategies). 

�.  Experimental Investigation

�.�. Participants

The presented analyses are based on the results of 65 students of the Medical Uni-
versity Graz, thereof �6 male and �9 female students. The average age was ��.�0 
years (SD = �.80), the youngest student was �0, the oldest �7 years of age. All par-
ticipants were students of human medicine in the sixth semester. The experiment 
was conducted at the beginning of a seminar on vessel surgery, thus, all students 
had high level knowledge of physiology and medical terms, but were supposed not 
to have a high level of knowledge regarding the steal-syndrome.

�.�.  Experimental Design

In the experiment reported here, we compared two types of learning objects, a tra-
ditional textbook lesson with static images and an interactive computer simulation 
of the same learning contents. Because the data recording phase is still in process, 
the current results are only of preliminary nature. We measured learning perform-
ance, using a typical pre and post-test scenario realized as a �x� design (type of 
learning object x pre and post-test). As dependent variables we recorded the stu-
dents’ performance in the knowledge tests and, additionally, we assessed learning 
styles and learning strategies.

�.�. Material

�.�.�.  Text-Based Lesson

The text-based learning object consisted of an introductory text at a length of � A� 
pages explaining the haemodialysis shunt and the steal-syndrome. The text was 
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created by a head surgeon of the Medical University Graz. In the style of a typical 
textbook lesson, the content was suited to the prior knowledge and abilities of the 
students. Moreover, the text was supplemented with a static image (Figure �) dis-
playing a sketch of blood vessels and shunt. 

�.�.�. Simulation-based Learning – Haemosim

Haemosim is a web-based educational simulation software based on several light 
weighted JAVA� applets [�9], [�0], [��]. Each applet has been designed to inter-
actively present certain haemodynamic learning content. The application is based 
on solid mathematical models [��], [�5], [�6], [��] and was developed under con-
sideration of user-centered development methods [�7], [�8], [�0]. The learning 
material is organized in three levels: (a) Basic laws for steady flow in tubes, (b) 
unsteady (pulsatile) flow in straight elastic tubes under homeostatic conditions, 
and (c) transient blood flow in arteries.

For the current experiment, we used the applet simulating the law of Hagen-
Poiseuille (Figure �), which provides the fact that volume flow is related to the 
fourth power to the radius so that, for example, a �x increase in radius causes a �6x 
increase in volume flow. The flow velocity, on the other hand, is only quadratic in 
respect to the radius. The applet can reproduce effects on bypassed vessels or the 
effects of shunts. Particularly, it allows for simulating a “steal phenomenon” which 
is observed in vessel surgery when a shunt is dimensioned suboptimal.

The simulation comprised a short introduction and graphical simulations of 
blood flow. The different parameters of blood flow effects could be altered by the 
students using various sliders and buttons. The effects of changing parameters imme-
diately were displayed in a graphical representation of blood flow. The simulation was 
designed to be as comparable to the text-based learning object in terms of terminol-
ogy and contents as possible. For example, the simulation used identical words in 
the short introduction as used in the text-based lesson and an equal graphical rep-
resentation as the static image of the text-based learning object. Instead of the single 
image, however, students could realize a variety of blood flow scenarios. 

Figure 1: Static image to illustrate the contents of the text-based lesson, source: authors.
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Figure 1: Static image to illustrate the contents of the text-based lesson, source: authors.

�.�.�.  Additional Material

To assess the student’s knowledge in pre and post-tests, we used a questionnaire 
asking five multiple-choice questions. Each question had four alternatives, whereat 
checking none, one, or more alternatives could be correct. The minimum score was 
0 and the maximum score was �0 (one point for each correct response). For the pre 
and post-tests we used the same tests. 

To assess learning styles, we used the HALB test [��], which is a short and eco-
nomic questionnaire in German language. It gives indications (in form of percent-
ages) to what extent a student is an acting, auditory, reading, or visual learner. To 
assess learning strategies, we used the LASSI inventory [��], which differentiates 
ten factors related to learning strategies (attitude and interest, motivation, usage 
of time management principles, anxiety, concentration, information processing, 
selecting of main ideas, usage of learning support techniques, self testing, and test 
strategies). 

�.�. Procedure

Participants were recruited at the beginning of a seminar on vessel surgery at the 
Medical University Graz. At first, participating students were asked to fill in bio-
graphical data, to complete the learning styles and strategies tests, and to complete 

Figure 2: Haemosim applet to simulate blood flow on bypassed 
vessels or the effects of shunts; source: authors.
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the pre-test on their initial knowledge in this particular field. Then students were 
randomly assigned to both experimental groups (text-based vs. simulation-based 
learning). After a break, the experimental groups were presented the related learn-
ing objects. Students of the text-based learning group were presented the two-
page lesson in form of print-outs; students of the simulation-based learning group 
were seated in front of computer screens and presented the Haemosim simulation 
including a short introductory text. Students in both groups were instructed to try 
to learn as much as possible within a fixed time of six minutes. After another break, 
the students were asked to complete the post-test. The whole test procedure took 
about �5 minutes. 

�. Results and Discussion

The results of this experiment yielded no significant gender difference in learning 
performance, learning styles and strategies. Both male and female students per-
formed equally in the knowledge assessments tests with both types of learning 
objects (Figure �). Only slight differences were found. In the text-based group 
male students achieved a score of ��.68 (SD = �.��) in the post-test, female stu-
dents achieved a score of ��.�� (SD = �.60). In the simulation group, male stu-
dents achieved a score of ��.50 (SD = �.��) and female students of ��.�� (SD = 
�.��). A Repeated Measures ANOVA, however, yielded non-significant differ-
ences (F(�, 6�) = .�9, p = .8�6). Interestingly, also no interactions, i.e. differences 
in learning performance were found for the types of learning objects (the text-
based learning resulted in a mean score of ��.98, SD = �.5�; the simulation-based 
learning resulted in a mean score of ��.89, SD = �.97). 

Figure 3: Performance in the post-test for gender and both learning groups; source: authors
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Similarly, we did not find significant differences for learning styles and strategies. 
Generally, the participants of the current experiment achieved average scores for 
the LASSI learning strategies test (Figure �). Between males and females, almost 
no differences were found. The biggest differences were found for “anxiety and 
worry about school performance” (ANX); females stated somewhat higher anxiety 
(��.�9) than males (�8.55). Also, the HALB learning style questionnaire showed 
that males and females did not differ in learning styles (Figure 5).

These findings indicate that male and female students could use both types of 
learning objects equally well. Moreover, males and females did not differ in learn-
ing strategies or learning styles. On the one hand this is an interesting finding, 
since the learning contents, which is dominated by physical effects of flow mechan-
ics, and also the usage of technical computer simulations is generally attributed 
to males. On the other hand, these results are in accordance with prior results of 
studies regarding web-based learning (cf. [�7]). 

But if we take a closer look to these results and correlate the results regarding 
learning styles (HALB) and strategies (LASSI) with the mean scores in knowledge 

Figure 4: LASSI scores for males and females. The maximum score is 40, the minimum 0; 
source: authors.

Figure 5: Scores in the HALB learning styles questionnaire for 
males and females, source: authors.
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assessment (i.e., learning performance), we find different and very distinct results. 
Even when males and females did not differ in learning style and learning strategy 
scores on average, the degree of each learning strategy according to LASSI lead 
to significantly different test performance (Figure 6). Moreover, we found distinct 
interactions with the type of learning (text-based vs. simulation-based).

(a) LASSI subscale Attitude and interest (ATT): For this scale, no differences in 
correlations with test performance for males and females were found, however for 
text-based learning, we found a small negative correlation (females: r = -.��; males 
r = -.��). In contrast, for simulation-based learning we found positive correlations 
(females: r = .�5; r = .�6). We can interpret these findings with the assumption that 
students with high attitude and interest towards learning and the learning subject 
are rather demotivated by purely text-based lessons, while the possibilities of simu-
lations to go deeper into a subject offer more motivation for students with higher 
attitude towards learning. 

(b) LASSI subscale Motivation (MOT): Whilst in the text-based group only 
moderate correlations were found between motivation and learning performance, 
in the simulation-based group, male’s score was highly positively correlated with 
motivation (r = .87). Female’s scores, however, were highly negatively correlated 
with motivation (r = -.75). A possible explanation of this remarkable finding might 
be different approaches of using computer simulations. The probably most suc-
cessful approach to use such simulations might be “playing” with the sliders and 
to explore the effects of different changes. As reported by Logan & Thomas (�00�), 
women do have a significantly more pragmatic learning style than men. Maybe 
highly motivated females tried to pragmatically and systematically use the simula-
tion while less motivated women listlessly played with the software, which might 
be the more successful approach. 

(c) LASSI subscale Time management principles (TMT): Generally, we found 
negative correlations between this scale and test performance. Whilst for text-based 
learning of males (r = -.06) and females (r = -.�8) and for simulation-based learn-
ing for females (r = .07) only small correlations were found, for the combination 
of being male and using simulation-based learning, however, we found a distinct 
highly negative correlation (r = -.6�). A possible explanation for this phenomenon 
is that the use of time management principles might limit the time and degree of 
freedom for “playing” with the different options of simulations. The current find-
ings suggest that males might stick more to their own limits than females. But for 
this distinct effect there might a variety of possible explanations. 

(d) LASSI subscale Anxiety and worry about school performance (ANX): Gen-
erally, for anxiety we found negative correlations to test performance (r = .��, r 
= -.�8, r = -.�7, r = -.6�). This means: the higher the degree of anxiety the lower 
test performance. This effect was larger for simulation-based learning. A possible 
reason might be that, in contrast to text-based learning, simulation-based learning 
offers further factors for being anxious, i.e. the use of a new and complex software 
tool for learning. 

(e) LASSI subscale Concentration and attention to academic tasks (CON): Con-
centration correlated positively with test performance very slightly in the text-
based learning group, for females (r = .��) as well as for males (r = .0�). Remark-
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ably, we found negative correlations with simulation-based learning, for females (r 
= -.�9) as well as for males (r = -.��). Maybe high concentration on certain aspects 
of the simulation limited the “playing” and “trial” character of simulations like pro-
vided by Haemosim. 

(f) LASSI subscale Information processing, acquiring knowledge, and reasoning 
(INP): While we found no or moderate negative correlations between this subscale 
and test performance in the text-based learning group (females: r = -.0�; males: r = 
-.�5) and for females in the simulation-based learning group (r = -.��), we found a 
distinct highly positive correlation to test performance for male students (r = .68). 
An interpretation might be that the use of reasoning and related cognitive strate-
gies might not affect the learning from textbook lessons. On the other hand, the 
type of reasoning used by females had a negative impact on females’ performance 
with simulations while the type used by males had a positive impact. This finding 
suggests that males and females are using different types of reasoning and other 
cognitive information processing strategies. On the basis of the current results, 
however, we cannot identify such differences. 

(g) LASSI subscale Selecting main ideas (SMI): For the ability to recognize 
important main ideas of learning contents, we found only moderate, negative cor-
relations with learning performance, in the text-based group and for females in the 
simulation group. For male students in the simulation group, however, we found a 
high positive correlation (r = .76). This finding might be related to different usage 
of simulation by male and female students as mentioned above. A possible expla-
nation might be that male students who perform well in the selection of main ideas 
might be able to use the simulations in more appropriate and successful direction. 
Because of different approaches in the usage of simulations, this factor might not 
influence the results of female students to that extent.

(h) LASSI subscale Use of support techniques and material (STA): Similar results 
were found for the amount of using learning support techniques. Generally, only 
moderate correlations were found with the exception of male students in the simu-
lation group. Here we found a highly positive correlation (r = .69). A reason for this 
difference between male and female students might be that male students probably 
use different support techniques than female students do.

(i) LASSI subscale Self-testing, reviewing, and preparing for classes (SFT): Similar as 
for the previous subscales, we found rather negative correlations to test performance 
for text-based learning (females: r = -.�0; males: r = -.�9) and for females in the simu-
lation-based learning group (r = -.��). For males in the simulation-based learning 
group, in a strong contrast, we found a very high positive correlation (r = .95). As for 
the subscale INP, we assume that males do use different self-testing and preparation 
techniques, which had a more positive impact on the use of simulations.

(j) LASSI subscale Test strategies and preparing for tests (TST): For this sub-
scale we found slightly negative correlations in the text-based group, for females 
(r = -.�6) as well as for males (r = -.�9). For simulation-based learning, we found 
moderate positive correlations (females: r = .�5; males: r = .�5). A possible reason 
for this effect might be the nature of this subscale. The development of test strate-
gies implies the development of an overview of a subject. Such global view might 
enhance the working with simulations and its learning outcome.
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Similar results were found for HALB learning styles (Figure 7). For acoustic learning 
preferences, we generally found only very slight correlations for text-based learn-
ing (females: r = -.��; males r = -.06) and for females in simulation-based learning 
(r = .�0). For males in the simulation-based learning group, we found a moderate 
negative correlation (r = -.��). Males with high acoustic learning preferences could 
not use the Haemosim simulation equally well for learning than females. For visual 
preferences we found almost no correlations for males in the text-based learning 
group (r = -.08) and for females (r = -.05) and males (r = -.06) in the simulation-
based learning group. Remarkably, for females in the text-based learning group, we 
found moderate positive correlations (r = .��). 

Figure 6: Correlations between LASSI subscale scores (ATT, MOT, TMT, ANX, CON, INP, SMI, STA, 
SFT, TST) and test performance for gender and type of learning object; source: authors. 

Figure 7: Correlations between HALB learning styles (acoustic, visual, active, reading) 
and test performance for gender and type of learning object; source: authors.
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These results suggest that visual learning preferences generally had no impact on 
test performance. For some reasons, however, females with high acoustic prefer-
ences performed well in the test. For the active learning style, we found that a high 
degree had a negative impact on text-based learning (females: r = -.�0, males: r = 
-.�6) whereas it had a positive impact on simulation-based learning (females: r = 
.�9; males: r = .68). A possible explanation for this effect is that simulation-based 
learning demands an active engagement and experimenting, while purely text-
based learning requires concentrated reading, which is no active form of learning. 
Consequently, opposite results were found for reading preferences in learning. In 
the text-based learning group, we found slightly positive correlations (females: r = 
.0�; males: r = .�6) and in the simulation-based group, we found negative correla-
tions for females (r = -.��) and also for males (r = -.6�).

5.  Conclusion

The preliminary results introduced here suggest that, generally, male and female 
students perform equally well during the usage of traditional text-based learning as 
well as computer simulations for learning. Still, these findings are remarkable since 
the learning contents had a strong physical nature and are strongly related to flow 
mechanics. It is interesting that generally, males are attributed to perform better with 
such contents. Moreover, also simulation-based learning and operating highly tech-
nical software is generally attributed rather to males than to females. Our results 
suggest that the gap between genders is more and more closing [�7]. However, the 
results also indicate that some major gender differences in the impact of different 
learning styles and strategies on learning performance with computer simulations. 
So the current results suggest that gender is a strongly moderating factor for the 
impact of different learning styles and strategies on learning performance. 

The current interpretations, of course, are based on a comparable small number 
of participants. The recording of data, however, is still in progress. A larger sample 
size and the investigation of further types of learning objects (e.g., video, or com-
binations of text, simulations, and video) will allow a more in-depth and stable 
analysis. Moreover, future analyses will investigate the interactions between dif-
ferent learning styles and strategies in order to approach a more holistic view of 
factors that influence learning success with different types of traditional and new 
learning technologies. Follow-up studies will also investigate long term memory 
for different types of learning objects and possible gender differences. 
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