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Abstract

Inroduction: Multimedia learning occurs when the learner constructs a mental representation from the words and
pictures that have been presented to him. The purpose of this study was to test the applicability of the proposed principles of
multimedia learning to presentations to 2nd and 5th year medical students.

Methods: This study is a randomized trial conducted to compare the effect of educational interventions in raising medical
students' awareness of infection control. The presentation and training video were developed by the researcher using WHO
and CDC guidelines, as well as the results of their research.

Results: 180 students of the 2nd and 5th years of study of Karaganda Medical University were selected for the study.
The basic test to determine the level of proficiency in activities aimed at preventing nosocomial infections showed
satisfactory results. The introduction of the educational intervention showed an improvement in the overall mean score from
11.89 (2.6) points to 14.56 (2.23) points. The study groups showed statistically significant improvements in knowledge after
educational intervention regardless of its type

Conclusion: Our study showed the effectiveness of the use of multimedia technologies in terms of raising students'
awareness of the burden and standards of prevention of nosocomial infections among medical students. The introduction of
the animated content we created made it possible to draw the attention of students to the burden of nosocomial infections
and to motivate them to study the epidemiology of nosocomial infections and preventive measures.
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Pestome

COBPEMEHHbLIE OBPA30OBATEJIbHbLIE TEXHOJIO'U
KAK CPEACTBO NOBbIWEHUA KAYECTBA 3HAHUM
CTYAEHTOB-MEAUKOB O BHYTPUBOJIbHUYHbIX MTHOEKLIUAX

Anbmupa b. Kynrtanosal, AHap A. TypmyxambeTtoBal,
flcmunyp I'. Typabibexkosa', Kapuna E. HykewTaesa'
HAO «MepguuuHckui yHuBepcuteT KaparaHaga», r. KaparaHga, Pecny6nuka KasaxcraH.

Bsepenue: MynstumeauitHoe obyyeHune — 310 06pa3oBaTenbHbIN NPOLECC, KOTAa YYaluines KOHCTPYMPYET MbICTIEHHOE
NpeLCTaBMEHNE W3 CIIOB W KAapTUHOK, KOTOpbIE Obln eMy NpeaCcTaBMneHsI.

Llenblo faHHOrO uMccrnegoBaHust GbiNo MpOBEPUTb MPUMEHUMOCTb NPEANOKEHHBIX MPUHLMNOB MYNbTUMEAMUAHOTO
0by4yeHns K Npe3eHTauuam Ans CTy4EeHTOB-MeAUKOB 2-T0 1 5-To Kypcos.

MeTtogbl: 310 UccnegoBaHve npeacTasnseT cobon paH4OMU3MPOBAHHOE MCCNeL0BaHUE, MPOBEAEHHOE Af1S CPABHEHUS
BNMsHUA 00pa3oBaTeNbHbIX MEPONPUSTUA Ha MOBbILIEHWE OCBELOMMIEHHOCTW CTY[EHTOB-MEAMKOB 00 WHEKLMOHHOM
koHTpone. MpeseHTauus u obyvaiowee Buaeo Bbinv paspaboTaHbl UCCrenoBaTenemM C MCMOMb30BaHWEM PEKOMEHAALMIA
BO3 1 CDC, a TaKke pe3ynbTaToB WX UCCNeLoBaHWi.

PesynbTtatbl: gns uccneposaHus Obinu otobpaHbl 180 cTyneHToB 2 U 5 KypcoB KaparaHauHCKOro MeauLMHCKOro
yHuBepcuTeTa. basoBbiit TECT Ha OMpeaeneHne YPOBHA BllaeHUs AEATENbHOCTBIO MO MPOQUIaAKTUKE BHYTPUBOMBHUYHBIX
WHGeKUMIA noKasan yOOBNETBOPUTENbHble pesynbTathl. BHepgpeHue o6pasoBaTenbHOr0 BMeLLATENbCTBA NOKasano
ynyJwenue obwero cpepHero 6anna ¢ 11,89 (2,6) 6anna po 14,56 (2,23) 6anna. B uccnegyembix rpynnax BbISBIEHO
CTATUCTUYECKN 3HAYUMOE YNYULLEHWE 3HAHWIA Nocrne 00pa3oBaTENbHOTO BMELLATENLCTBA BHE 3aBUCMMOCTH OT €0 BuAaaA.

BuiBoa: Hawe wccnegosaHne nokas3ano SQeKTMBHOCTb WUCMONb30BAHUS MyNbTUMEAMAHBIX TEXHOMOrWA B NnaHe
MOBLILLEHUST NH(POPMUPOBAHHOCTA CTYAEHTOB O OpemeHn M CTaHAapTax MpOQUNaKTUKKM BHYTPUMOOMBHUYHBIX MHADEKLMIA
Cpean CTyOEeHTOB-MEeAMKOB. BHeapeHue CO3AaHHOTO HaMW aHUMALMOHHOrO KOHTEHTA MO3BOMMIO MPUBMEYL BHUMAHWE
CTYZIEHTOB K OpeMeHM BHYTPUOONbHUYHBIX MHCDEKLMIA 1 MOTUBMPOBATb UX HA U3YYEHWUE SMMAEMMONOTN BHYTPUBOMBHUYHBIX
MHGEKUMIA M Mep NPOUNAKTUKA.

Knroyeenie cnosa: mynsmumeduiiHoe obyyeHue, 8HympubonbHUYHbIE UHGeKyuu, MeduyuHckoe 06pa3osaHue.
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Tywingeme

3SAMAHAYU BINIMAINIK TEXHOJNIOrMACHI AYPYXAHA 1WINIK
UHOEKLINA TYPAJbI MEQUK-CTYAEHTTEPAIH BIJTIM
AEHFEWIH XXOFAPBIJIATY 9AICI PETIHOE

Anemupa B. Kyntanosal, Anap A. TypmyxamberoBal,
flcmunyp I'. TypabibekoBa'l, Kapuna E. HykewTaesa'
"KaparanHgbl meguumHa yHuBepcuteTi” KEAK, KaparaHabl K., KazakcTtaH Pecnybnukachbl.

Kipicne: MynbTumeauanblk OKbITy — Oyn OKywbl ©3iHe OepinreH ce3gep MeH cypeTTepaeH onwa OeliHeHi
KypacTblpaTblH BiniM 6epy npoueci. bByn 3epTTeydiH MakcaTbl 2 xoHe 5 Kypc MeauuuHa CTYOeHTTepiHe apHanfaH
npe3eHTauusnapFa MynbTUMEAMANbIK OKbITYObIH, YCbIHbINFaH MPUHLMATEPIH KongaHy MYMKIHAirH Tekcepy 6ongpl.

Ogictepi: byn 3epTTey MeguUMHanbIK CTyOEeHTTEPOIH MHGeKUMANbIK 6akbinay Typanbl xabapaaprbiFbiH apTTbipyFa
Ginim Gepy wWwapanapbiHbiH SCEPiH CanbICTbIPY YLUIH XKYPri3inreH paHgoMusauusnaHfFaH cbiHak 6Gombin Tabbinagbl.
lMpe3eHTaumust MeH Hyckaynblk GeiiHeHi 3epTTeywi JOY¥ mMeH CDC yCbIHbICTApbIH XoHe onapablH, 3epTTey HOTUXKENepiH
nanganaxa oTblpbin a3ipnesi.

Hotuxenepi: 3eptteyre KaparaHabl MeauuMHa yHuBepcuTeTiHiH 2 xoHe 5 kypctapbiHbiH 180 cTyaeHTi TaHaanms!.
AypyxaHaiwinik wHpekumanapablH, angbiH any bomblHWa 6inikTinik OeHreliH aHblKTayFa apHanfaH 6asanbik Tect
KaHaraTTaHapnblK HOTUXe kepceTTi. binim 6epy MHTEpBEHUMACHIH eHridy xannbl opTawa banngbiH 11,89 (2,6) 6anngaH
14,56 (2,23) 6annFa AeniH xakcapraHblH KepceTTi. 3epTTey TonTapbiHaa GiniMHiH, CTaTUCTUKaNbIK MaHpI3Abl Xakcapyb!
6inim 6epy apanacynaH KeiliH OHbIH TypiHe KapamacTaH aHblKTanabl.

KopbITbiHAbI: Bi3aiH 3epTTeyiMi3 MeauumHa dakynbTeTiHiH CTyAEHTTEpI apacbiHaa aypyXaHailinik MHgekumsanapabiH
angbiH anyablH ayblpTnanbifbl MEH CTaHAAPTTapbl Typarnbl CTYAEHTTEPAIH xabapaapnbifbiH apTTbipyaa MynbTUMERUAMNbIK
TeXHonoruanapabl KongaHyablH TMiMAINIfH kepceTTi. bi3 xacaFaH aHUMaLMANbIK KOHTEHTTI EHri3y CTyAeHTTepAiH HasapbIH
aypyxaHaiwinik WHdekuusnapgelH, ayblpTnanbifbiHa - aydapyFa XaHe onapabl  aypyxaHaillifnik - MHpekumsnapabliH

3NNAEMUONIOMMSICLIH KSHE anablH any WwapanapbiH 3epTTeyre biHTanaHabIpyFa MyMKiHAiK 6epai.
Heziz2i ce3dep: mynbmumedusinbik biniv 6epy, aypyxaHaiwinik uHpekyusnap, meduyuHanbIik binim.
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Introduction

Multimedia learning occurs when the learner constructs
a mental representation from the words and pictures that
have been presented to him. For the purposes of the
research program, multimedia learning messages are
presentations of material using words and images that are
intended to facilitate learning [1]. Images can be static
graphics such as photographs, pictures, maps, charts,
figures and tables, or dynamic graphics such as videos or
animations [2].

The use of modern information technologies in the
educational process improves the quality of student
learning, helps future doctors and nurses to be better
prepared for clinical practice and facilitates the work of
teachers [3]. Lectures are made more informative by
displaying images, video, animation and sound [4].

In previous studies, various educational strategies have
been used to achieve the assimilation of the material and

the quality of the curricula [5]. The most common
educational interventions were lectures, video lectures,
posters, questionnaires, and bulletins, as well as practical
demonstrations and self-study modules with pre-tests and
post-tests. The use of multimedia technologies in the field of
medical education is gaining momentum every year. One
example is the joint curriculum developed by the Stanford
University School of Medicine and Khan Academy using
videos. It should be noted that video-learning has shown
many potential advantages over traditional lectures. Thanks
to multimedia technologies, the assimilation and
memorization of the material is achieved up to 40-50%, in
contrast to traditional lectures and video presentations (from
10 to 30%). Despite the skills, knowledge and physical
presence of the lecturer, the well-structured construction of
the video shows effective assimilation of the material. A
well-designed video allows the student to view and absorb
the material based on their own learning needs. [6].
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A study by Dongsong Zhang et al showed that students
achieve high test scores when using video content in e-
learning. A number of other studies have also shown that
the overall learning outcome of e-learning with instructional
video is either equal to or better than traditional learning [7].

The use of video teaching could improve the current
curriculum in medical universities. According to Akgul
Ahmet's systematic review, multimedia technologies have
proven to be a predominantly effective method in surgical
education [8]. The use of which before surgery can reduce
the duration of training and improve patient safety. The
introduction of the INVEST curriculum into daily practice
has shown that video, combined with traditional education,
significantly improved skills development at an early stage
of training for laparoscopic cholecystectomy.

Teacher development curricula should introduce
teachers to the principles of multimedia learning and the
theory of cognitive load in order to increase their awareness
of these principles and discourage overuse of the standard
template. Emphasis on understanding the cognitive process
of multimedia learning, rather than simply following certain
design rules, is key. This process is especially relevant in
medical education, since a significant part of medical
education takes place through various multimedia formats
such as didactic lectures, small group sessions and web
modules, among other applications [9].

Nosocomial infections cause 5,000 deaths each year
and are one of the most dangerous occupational hazards
[10]. Many studies note the important role of an effective
surveillance system in controlling the spread of nosocomial
infections which in turn can be achieved by increasing
literacy, knowledge and awareness of nosocomial infections
among medical students [11,12)].

Aim of this study was to test the applicability of the
proposed principles of multimedia learning to presentations
to 2nd and 5th year medical students. Specifically, this
study was designed to address the following research
question: Does an animated lecture result in increased
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learning for medical students? We hypothesized that
animated lectures would result in increased knowledge
transfer in medical students compared to teaching delivered
using traditional design.

Materials and Methods

The third stage of the study was devoted to assessing
the impact of multimedia technologies on the level of
students' awareness. This phase of the study is a
randomized trial conducted to compare the effect of
educational interventions in raising medical students'
awareness of infection control. The object of the study was
students of the Russian department of the 2nd and 5th
years of study of the Faculty of General Medicine and
Dentistry, specialty "General Medicine" of the Medical
University of Karaganda (180 people).

The students were divided into 3 groups: the first group
of students attended a video lecture, the second group - a
traditional lecture (PowerPoint presentation) and the third -
a video and a traditional lecture. The presentation and
training video were developed by the researcher (certificate
of state registration of rights to the object of copyright No.
2701 dated August 23, 2018) using WHO and CDC
guidelines, as well as the results of their research [13,14].

The PowerPoint presentation and the instructional
video contained identical educational content. The video
lecture was created in flat design format using Adobe CC
2018 products (Adobe System Incorporated, California,
USA). The characters and details of the video were self-
produced in Adobe Photoshop CC and Adobe lllustrator
CC. Character animation and short video creation was
done using Adobe Character Animator CC and Adobe
After Effects CC. The voice content was audited using
Adobe Audition CC. The duration of the video is 3
minutes, the voice acting language is Russian. The main
character of the training video is shown in the screenshot
in Figure 1. The slides used in the traditional lecture were
prepared using Microsoft Office software (Microsoft
PowerPoint version 16).
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Figure 1. Screenshots of the video lecture.
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As part of the described randomized study, a survey of
students was conducted. As an assessment of the level of
awareness in the field of prevention of nosocomial
infections, we used a standardized questionnaire developed
by M. Tavolacci et al. [15]. Questions about the prevalence
and mortality of nosocomial infections in France were
excluded from the questionnaire. The questionnaire
included 25 questions divided into 4 main parts: respondent
characteristics, ~ nosocomial infections,  standard
precautions, and hand hygiene. The characteristics of the
respondents included data on age, gender and course of
study.

Students were asked to take a preliminary test to
assess the basic level of knowledge in the field of
nosocomial infections before the lecture and video. For the
anonymity of the participants, the questionnaires were
assigned an identification number. After passing the
educational events, the participants underwent repeated
testing in order to assess their assimilation of the material.
For each correct answer, 1 point was assigned (the
maximum score is 22). Paired t-test, independent t-test, and
chi-square test were used for data analysis. A p value <0.05
was considered a significance level.

Statistical analysis of the data was performed using IBM
SPSS Statistics version 25 and R. (citation: R Core Team
(2017)). R: language and environment for statistical
computing. R Foundation for Statistics Computing, Vienna,
Austria. URL https: // www .R-project.org /.)

Ethical aspects of the study. The study was approved
by the Ethical Committee of Karaganda Medical University.

Each questionnaire was accompanied by a cover letter
explaining the purpose of the study and asking for
participation. A written informed consent form was obtained
from each participant. Confidentiality and anonymity of
respondents was maintained by encrypting names with
codes. The study was conducted in accordance with the
Declaration of Helsinki.

Results

180 students of Karaganda Medical University were
selected for the study in April 2018. The study involved
students of the 2nd and 5th years of study at the Faculty of
General Medicine, studying in Russian. The participants
were randomly distributed into 3 groups as follows: the first
group listened to a video lecture, the second to a traditional
lecture, and the third group listened to a traditional and
video lecture (combined). Each group evenly included 60
students: 30 students of the 2nd year of study and 30
students of the 5th year of study. Participants were asked to
be tested to determine the level of awareness of the
preventive measures of nosocomial infections before and
after the educational intervention. Only one 5th year student
showed reluctance to participate in the post-test. The final
analysis included 179 respondents, whose distribution was
as follows: group 1 - 60 people, group 2 - 59 people, group
3 - 60 people.

Participants ranged in age from 18 to 25 years old, with
a mean age (SD) of 20.99 (1.77); 62.6% were female
students. The distribution by sex and age is presented in
Table 17. No significant differences in gender were found in
the study groups.

Table 1.
Distribution by gender and age characteristics in the studied groups.
Gender Group 1 Group 2 Group 3 P-value
My>K4mHbI 21 (35.0%) 27 (45.8%) 19 (31.7%) 0.253
YKeHWWHBI 39 (65.0%) 32 (54.2%) 41 (68.3%) '
Bospact 20.7 (1.8) 20.8 (1.7) 215(1.7) 0.017

The basic test to determine the level of proficiency in
activities aimed at preventing nosocomial infections showed
satisfactory results. The introduction of the educational
intervention showed an improvement in the overall mean
score (SD) from 11.89 (2.6) points to 14.56 (2.23) points.
The study groups showed statistically significant
improvements in knowledge after educational intervention,
regardless of its type (Table 2). Thus, in the group using
video-lecture-based learning, there was an improvement in
the average awareness score from 11.65 (2.16) to 14.5
(247) points. A similar situation is observed in the
remaining two groups.

Table 2.
Comparative characteristics of the average awareness
score depending on the type of educational

intervention.

Lecture type Befored (SD) |After 0 (SD) |p-value

Total 11.89 (2.32) |14.56 (2.23) |<0.001

Video-based lecture |11.65 (2.16) [14.50 (2.47) |<0.001

Traditional lecture  |11.47 (2.14) |13.81 (1.92) |<0.001

Combined lecture  {12.53 (2.51) |15.37 (2.12) |<0.001
<0.001 <0.001

Table 3 shows the percentage of correct answers for
each question. In the study groups, there was an
improvement in the level of students' awareness after the
educational intervention.

In groups where video-training was applied, there was a
significant increase in the proportion of correct answers in
questions of risk factors, prevention standards and hand
hygiene. Nine items of the questionnaire showed that video-
learning is an effective teaching tool. So, for example, in
paragraph 1, an increase in the proportion of correct
answers from 20% to 71.7%, p<0.001, was noted. When
using the video, the proportion of correct answers in
paragraph 3 increased not only in the first group (from
51.7% to 86.7%, p<0.001), but also in the group where
traditional and video lectures were used (from 63.3% to
90.0%, p< 0.001). Traditional lectures also showed marked
improvements in age-risk factors, aspects of preventive
measures and hand hygiene. With the combined use of
both methods of educational intervention, the six items of
the questionnaire on risk factors and prevention standards
showed an improvement in the level of students'
awareness. The share of correct answers in item 4
increased from 8.3% to 60.0%, p<0.001.
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The main share of students has an idea about the use
of medical gloves in certain cases, as a means of protection
and prevention of nosocomial infections. Despite this,
students showed low awareness of the use of gloves in any
medical manipulations and procedures. The application of
teaching methods showed an increase in the proportion of
correct answers (points 11-14).

Students are quite well acquainted with personal
protective equipment in case of contact with biological fluid
(96.7% of students gave the correct answer on the
preliminary test). However, with options that exclude one of

the items of personal protective equipment, students have
doubts and give an incorrect answer. When explaining this
issue with video and traditional lectures, an increase in the
proportion of correct answers is noted (points 15-18).

As our survey showed, students do not have the
information and methods of using alcohol-based products
for hygienic handwashing (points 19-22). Only in the
question about traditional handwashing, correct answers
were given in the group after listening to the traditional
lecture (from 5.1% to 33.9%, p<0.001).

Table 3.

Proportion of correct answers stratified by educational intervention groups before and after.

Questions Pre-test n (%) Post-test n (%) p-value

1 2 3 4

Block 1. Risk factors for nosocomial infections:
Is the environment (air, water, inert surfaces) the main source of bacteria responsible for nosocomial infection?
Video-based lecture 12 (20.0%) 43 (71.7%) <0.001
Traditional lecture 21 (35.6%) 38 (64.4%) <0.001
Combined lecture 26 (43.3%) 42 (70.0%) <0.001
Do you agree with the statement that advanced or very young age increases the risk of nosocomial infections?
Video-based lecture 32 (53.3%) 33 (55%) 1.000
Traditional lecture 26 (44.1%) 39 (66.1%) <0.001
Combined lecture 28 (46.7%) 31 (51.7%) 0.250
Do invasive procedures increase the risk of nosocomial infection?
Video-based lecture 31 (51.7%) 52 (86.7%) <0.001
Traditional lecture 41 (69.5%) 42 (71.2%) 1.000
Combined lecture 38 (63.3%) 54 (90.0%) <0.001
Block 2. Prevention standards
Do the prevention standards include recommendations ONLY for protecting patients?
Video-based lecture 8 (13.3%) 52 (86.7%) <0.001
Traditional lecture 13 (22.0%) 41 (69.6%) <0.001
Combined lecture 5 (8.3%) 36 (60.0%) <0.001
Do prevention standards include recommendations for protecting patients and healthcare workers?
Video-based lecture 48 (80.0%) 54 (90.0%) 0.031
Traditional lecture 28 (47.5%) 41 (69.5%) <0.001
Combined lecture 39 (65.0%) 49 (81.7%) 0.002
Are nosocomial infection prevention measures applied to all patients?
Video-based lecture 56 (93.3%) 56 (93.3%) 1.000
Traditional lecture 38 (64.4%) 50 (84.7%) <0.001
Combined lecture 48 (80.0%) 59 (98.3%) 0.001
Nosocomial infection prevention measures apply ONLY to healthcare workers who come into contact with body fluids
Video-based lecture 51 (85.0%) 53 (88.3%) 0.500
Traditional lecture 35 (59.3%) 43 (72.9%) 0.008
Combined lecture 44 (73.3%) 56 (93.3%) <0.001
Block 3. Hand hygiene
Hand hygiene should be performed BEFORE or AFTER patient contact
Video-based lecture 2(3.3%) 21(35.0%) <0.001
Traditional lecture 12 (20.3%) 27 (45.8%) 0.001
Combined lecture 27 (45.0%) 26 (43.3%) 1.000
Hand hygiene should be done BETWEEN patient contacts
Video-based lecture 41 (68.3%) 44 (73.3%) 0.250
Traditional lecture 43 (72.9%) 55 (93.2%) 0.004
Combined lecture 43 (71.7%) 54 (90.0%) 0.001
Hand hygiene should be done AFTER gloves are removed.
Video-based lecture 49 (81.7%) 51 (85.0%) 0.500
Traditional lecture 53 (89.8%) 56 (94.9%) 0.250
Combined lecture 52 (86.7%) 57 (95.0%) 0.063
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Table 3. Continued.

1 |

2 | 3 | 4

The standards for the prevention of nosocomial infections recommend the use of gloves:

for all procedures

Video-based lecture 14 (23.3%) 47 (78.3%) <0.001
Traditional lecture 21 (35.6%) 47 (79.7%) <0.001
Combined lecture 7(11.7%) 52 (86.7%) <0.001
if there is a risk of contact with biological fluid

Video-based lecture 52 (86.7%) 57 (95.0%) 0.063
Traditional lecture 54 (91.5%) 56 (94.9%) 0.727
Combined lecture 49 (81.7%) 53 (8830%) 0.125
if there is a risk of cutting the skin:

Video-based lecture 54 (90.0%) 59 (98.3%) 0.063
Traditional lecture 47 (79.7%) 55 (93.2%) 0.077
Combined lecture 58 (96.7%) 60 (100.0%)

when healthcare workers have skin lesions

Video-based lecture 55 (91.7%) 55 (91.7%) 1.000
Traditional lecture 50 (84.7%) 44 (74.6%) 0.263
Combined lecture 56 (93.3%) 58 (96.7%) 0.500
If there is a risk of contact with biological fluid, medical workers are required to use:

mask, goggles and medical gown

Video-based lecture 58 (96.7%) 58 (96.7%) 1.000
Traditional lecture 54 (91.5%) 54 (91.5%) 1.000
Combined lecture 41 (68.3%) 53 (88.3%) 0.016
mask and goggles

Video-based lecture 14 (23.3%) 33 (55.0%) <0.001
Traditional lecture 7(11.0%) 27 (45.8%) <0.001
Combined lecture 38 (63.3%) 45 (75.0%) <0.001
goggles and medical gown

Video-based lecture 16 (26.7%) 33 (55.0%) <0.001
Traditional lecture 9(15.3%) 21 (35.6%) <0.001
Combined lecture 46 (60.0%) 48 (80.0%) <0.001
medical gown and mask

Video-based lecture 6 (10.0%) 26 (43.3%) <0.001
Traditional lecture 8 (13.6%) 8 (13.6%) 1.000
Combined lecture 34 (56.7%) 39 (65.0%) 0.063
What are the indications for the use of alcohol-based hand rubs (on untreated hands)?

instead of traditional hand washing (30s)

Video-based lecture 34 (56.7%) 45 (75.0%) 1.000
Traditional lecture 42 (711.2%) 39 (66.1%) 0.0375
Combined lecture 33 (55.0%) 41 (68.3%) 0.008
instead of antiseptic hand washing (1.5 min):

Video-based lecture 36 (60.0%) 31(51.7%) 0.063
Traditional lecture 49 (83.1%) 40 (67.8%) 0.004
Combined lecture 10 (66.7%) 15 (68.3%) 0.063
instead of surgical hand washing (3min):

Video-based lecture 32 (53.3%) 33 (55.0%) 1.000
Traditional lecture 45 (76.3%) 46 (78.0%) 1.000
Combined lecture 40 (41.7%) 25 (41.7%) 1.000
Traditional handwashing should be done before handwashing with alcohol-based products:

Video-based lecture 9 (15.0%) 11 (18.3%) 0.500
Traditional lecture 3 (5.1%) 20 (33.9%) <0.001
Combined lecture 25 (41.7%) 25 (41.7%) 1.000

Discussion

Our study showed the effectiveness of the use of
multimedia technologies in terms of raising students'
awareness of the burden and standards of prevention of
nosocomial infections among medical students. The
introduction of the animated content we created made it

possible to draw the attention of students to the burden of
nosocomial infections and to motivate them to study the
epidemiology of nosocomial infections and preventive
measures.

Despite the effectiveness of the use of multimedia
technologies in education, some studies report mixed
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results of its application [16-19]. It should be noted that
HH. Chuang and MH. Rosenbusch stressed the
importance of pedagogy for an effective video learning
experience [20]. The authors noted that the use of only
videos without a pedagogical approach does not make
sense.

Based on the results of previous studies, it can be
assumed that additional training based on multimedia
technologies has a beneficial effect on the duration of
training, the acquisition of surgical skills and trainee
satisfaction. As an improvement and addition to our video,
we recommend the introduction of scenes and processes
that will improve the skills of students in the field of hand
hygiene.

The development of curricula and the use of
educational technologies should be guided using
multimedia technology in medical education. Teachers can
use existing videos or create their own. Such a strategy, the
inclusion of interactive elements, can contribute to the
active participation of students in learning. However, a
balance in the use of multimedia technologies should be
considered to avoid cognitive overload.
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