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ORIGINAL ARTICLE 

Effect of levels of realism in mobile-based pedagogical agents 
on health e-learning 

تتمثل إحدى طرق التواصل الفعال ب� المتعلم ومحتوى الوسائط  الخلفية والهدف:

المتعددة التعليمية في التعليم المتنقل في استخدام الشخصيات أو العوامل التعليمية. 

كان الغرض من هذه الدراسة هو دراسة تأث� المستويات الواقعية للعوامل التعليمية 

  .  حة الإلكترونيةالقا�ة على التعليم المتنقل على تعليم الص

البعدي مع  -كان هذا التصميم شبه التجريبي مع تصميم الاختبار القبلي  الطريقة:

ثلاث مجموعات تجريبية. يتألف السكان الإحصا� للدراسة من مرضى يعانون من 

مشاركًا  ۴۸اضطرابات الجهاز الهضمي أو أحد أفراد أسرهم. شملت العينة الإحصائية 

م باستخدام طريقة أخذ العينات المتاحة وتم وضعهم بشكل عشوا� بالغًا تم اختياره

على ثلاث مجموعات تجريبية. تضمنت الأدوات والمواد البحثية اختبارات الوسائط 

المتعددة والتعليمية (الاختبار التمهيدي وما بعد الاختبار). كان محتوى الوسائط 

هضمي ووظيفته واضطراباته المتعددة التعليمية مرتبطاً بالتعرف على الجهاز ال

المختلفة. تعرضت مواضيع كل مجموعة لنفس المحتوى التعليمي ولكن �ستوى 

مختلف من الواقعية كعامل تعليمي (رمزي ، شبه رمزي ، وشبه حقيقي) . تم تقديم 

الوسائط المتعددة التعليمية في سياق نظام إدارة التعليم المتنقل . لتحليل البيانات ، 

   اختبار (آنكوا) .  تم استخدام

،  M = 29.29أظهرت النتائج أن المجموعة ذات العامل التعليمي الحقيقي ( النتائج:

SD = 4.20 كان لها أداء أفضل في اختبار التعلم من المجموعة ذات العامل التعليمي (

  ).M = 25.53  ،SD = 2.99) (p = 0.20الرمزي (

عليمية كأحد العوامل التي تؤثر على تعلم يجب مراعاة استخدام العوامل الت الخلاصة:

الدارس وتحفيزه في تصميم وإنتاج الوسائط المتعددة التعليمية ، خاصة في مجال 

 التعليم الصحي.

  العامل التربوي ، التعليم المتنقل ، مستوى الواقعية ، التعلم الكل�ت المفتاحية:

 

 تعليم على المتنقل التعليم على المبنية التربوية للعوامل الواقعية المستويات تأث� 
 الإلكترونية الصحة

ا�����ا��� ����� ��� ����ء �� ���� را��� ر���� اور ا���� ����� د���  :��� ��او��

����� ��ر��� اور د��� ������ ����� �� ا����دہ ��� ���� ��۔اس ����� �� ��ف 

������  ����� ��� ا�����ا�� ذر��� ����� �� ������ ����� �� ا��ات �� ����ء ������ 

 ��  

�� ���� ��� ��� ، اس ��� ��ی ��� اور ���� اس ����� ��� ��� ��و��ں  :روش

���� �� روش ��� ا����� ���، اس ����� ��� ���م ����� �� ا��اض ��� ����� 

ا��اد �� ان �� ����� �� ر�� �� ���� ��۔اڑ����� ��� ر���ہ ����ں �� ����� 

���  ��� ���� ��� ��� ���۔ ����� ��� ���� ا��اد �� ������ ���� ����� اور ��ی

اور ���� ��� �� ��� ������ د�� ���ٓ ��� �� �� ا���ں �� ���م ����� اور اس 

  �� ����� ��م ��� ����ر��ں �� وا���� ���� ��۔

�� ��وہ �� ا�� �� ���� ������ د����� ��� ���� ������ ��ا�� �� رو��� ا�� ا�� 

�� ۔ ������ ���م ���� ����  ������، ��� ������ اور ر������� رو��� ا����� ��

����� ��� ا�����ا��� ����� �� ��� ���� ����� �� ���رش �� ��� ۔ ڈ��� �� ����� 

  ��ار���� ( آ���ا) �� ��� ���۔

اس ����� �� ��� ��� �� ����� ������ ���� �� �� ��وہ �� ����� ����  :�����

  ���۔ ��� اس �� ز��دہ ���� ��� ہ �� اور ������ ���� ���� ���� ���

������ ��ا�� �� ا�����ل ����� ����ء �� ����ہ ������� �� اور ا���� �����  :���رش

�� ��ف را�� ���� �� �� ������ اداروں ������ص ������ �����ں ��� ����� �� 

  ��� ���� ����� ���� ���ر ��� ���� ����� ۔

 ������ ���� ، ا�����ا��� ����� ، ر������ :����ی ا���ظ

  ����� �� ���� ا�� ا��از ���� �������� ����� ��� ���� ����� �� ا�����ل ����ء �� 

 

 

یکی از راههاي برقراري ارتباط مؤثر میان یادگیرنده و محتواي چند زمینه و هدف: 

بهره گیري از شخصیت ها یا عوامل آموزشی  اي هاي آموزشی در آموزش سیّار، رسانه

گرایی عوامل آموزشی مبتنی بر است. هدف پژوهش حاضر، بررسی تأثیر سطوح واقع

 آموزش سیّار بر یادگیري الکترونیکی سلامت بود.

آزمون با سه گروه پس-آزموناین پژوهش از نوع شبه آزمایشی با طرح پیشروش: 

را افراد بیمار داراي اختلالات دستگاه گوارش و یا یکی  آزمایشی بود. جامعه آماري پژوهش

شرکت کننده بزرگسال بود  48از اعضاي خانواده شان تشکیل می دادند. نمونه آماري شامل 

که با استفاده از روش نمونه گیري در دسترس انتخاب و به صورت تصادفی در سه گروه 

د رسانه اي هاي آموزشی و آزمون آزمایشی گمارده شدند. ابزار و مواد پژوهش شامل چن

هاي یادگیري (پیش آزمون و پس آزمون) بود. محتواي چند رسانه اي آموزشی را مطالب 

مربوط به آشنایی با دستگاه گوارش، عملکرد و انواع اختلالات آن تشکیل می داد. آزمودنی 

رایی عامل هاي هر گروه در معرض محتواي آموزشی یکسان اما با سطح متفاوتی از واقع گ

چند رسانه اي هاي آموزشی در  آموزشی (نمادین، نیمه نمادین و شبیه واقعی) قرار گرفتند.

بستر سیستم مدیریت یادگیري سلامت مبتنی بر یادگیري سیار ارائه شدند. براي تحلیل داده 

 ها از آزمون آماري تحلیل کواریانس (آنکوا) استفاده شد.

 M = 29.29, SDروه داراي عامل آموزشی واقعی (نتایج نشان داد که گیافته ها: 

)  M = 25.53,  SD = 2.99) نسبت به گروه داراي عامل آموزشی نمادین (4.20 =

 ). p = 0.20عملکرد بهتري در آزمون یادگیري داشت (

استفاده از عوامل آموزشی به عنوان یکی از عناصر تأثیر گذار بر میزان نتیجه گیري: 

یادگیرندگان، باید در طراحی و تولید چند رسانه اي هاي آموزشی به  یادگیري و انگیزش

 ویژه در حوزه آموزش سلامت مورد توجه قرار گیرد.

 عامل آموزشی،آموزش سیار، سطح واقع گرایی، یادگیريواژه هاي کلیدي: 

گرایی عوامل آموزشی مبتنی بر آموزش سیّار بر تأثیر سطوح واقع

 سلامتیادگیري الکترونیکی 
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Background: One of the ways for effective communication between 
learners and instructional multimedia content in mobile learning 
systems is taking advantage of characters or pedagogical agents. The 
present study aimed to investigate the effect of the levels of realism 
in mobile-based pedagogical agents on health e-learning. 
Methods: The study was quasi-experimental with a pretest-posttest 
design involving three experimental groups. The target population 
included those participants who themselves or one of their relatives 
suffered from digestive disorders. The sample consisted of 48 
participants selected through a convenience sampling procedure and 
were randomly assigned to either of the groups. The instruments and 
materials included instructional multimedia lessons and learning 
tests (pretest and posttest). The instructional multimedia content 
consisted of instructional materials related to familiarity with the 
human digestive system, its function, and relevant disorders. The 
participants in each group were exposed to the same instructional 
content but with a different level of realism related to the pedagogical 
agent (i.e., iconic, semi-iconic, and realistic). The instructional 
multimedia lessons were delivered through a mobile-based health 
leaning management system. For the data analysis, an analysis of 
covariance (ANCOVA) was applied. 
Results: The results showed that the group with the realistic 
pedagogical agent (M = 29.29, SD = 4.20), compared with the 
iconic pedagogical agent (M = 25.53, SD = 2.99), performed 
better on learning measurement (p = 0.20). 
Conclusions: The employment of pedagogical agents, as one of the 
influential tools in improving learners' motivation and learning, should 
receive greater attention in designing and developing instructional 
multimedia, especially in the field of health learning services. 
Keywords: Pedagogical agent, Mobile learning, Level of realism, 
Learning 
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The use of mobile learning systems, as one of various e-
learning presentation formats, has taken on more 
importance in recent years. Easy and wide access to the 
Internet in general and wireless technologies in particular 
has influenced health care systems, resulting in e-health 
services (1, 2); among such services is health e-learning 
delivered in the form of mobile learning. Mobile learning, as 
one form of e-learning, could be performed anywhere and 
anytime via mobile means of communication such as cell 
phones (3, 4). While such learning systems have potentially 
provided users with a wide range of possibilities, they also 
demand increasingly various requirements that might pose 
serious challenges; these requirements included providing 
an interactive environment that helped learners benefit from 
the instructional content and other relevant services based 
on their own goals, knowledge levels, and preferences (5, 6). 
The most obvious characteristic of a mobile learning system 
is its powerful and interactive user interface (7). Among the 
bewildering array of features that user interface could 
potentially provide, one of the most effective ways in 
establishing effective interaction between a learner and 
computer is the employment of pedagogical agents (8,9). 
Pedagogical agents are animated cartoon characters, talking 
video images or avatars on the screen that interact with users 
and help them through learning process during different 
parts of e-learning programs (10). Animated pedagogical 
agents feature greater ability to simulate real-world learning 
environments and engage learners in learning activities 
through creating multiple interaction instances or spending 
more time in the learning environments (11-14). Animated 
pedagogical agents are designed in a way to provide the 
opportunity for a learner’s interaction with a virtual teacher 
or learner (12). The use of pedagogical agents in 
instructional multimedia is based on different theories of 
psychology and learning including the cognitive theory of 
multimedia learning, social interaction theory, cognitive load 
theory, and social cognitive theory. 
Based on the personalization principle in Mayer’s cognitive 
theory of multimedia learning, it is recommended that (a) the 
verbal content be provided in an interactive style, (b) screen 
characters be employed to increase learning levels, and (c) 
the author of the content be also visible to increase learning 
levels (15). Moreover, according to the social interaction 
theory, computers are interpreted as social companions of 
humans. This theory postulates that the inclusion of social 
cues, either verbal (e.g., spoken words) or non-verbal (e.g., 
gesture, gaze, and movement), can simulate human-to-
human communication in multimedia environments, hence 
resulting in activating learners in the learning process (16). 
According to this theory, the use of visual and verbal social 
cues in computer-mediated environments can encourage 
learners’ sense of social participation through making them 
contemplate on their communication with computers (17).  
Pedagogical agents, as a social companion with human-like 
voice and friendly behavior, engage learners in the process 
of constructing meaning and concept, which in turn, 
_________ 

enhances the chances of learning transfer (7). Furthermore, 
according to the cognitive load theory, if the mental load 
imposed as a result of the instructional content is beyond the 
limited capacity of working memory, learning would be 
impeded (18). Relevant empirical research also recommends 
that a combination of auditory and visual presentation of 
materials via animated pedagogical agents (in contrast to 
speech or text alone displayed on the screen in the absence 
of agents) can be applied in order to stimulate learners’ deep 
processing of information (19). In his social cognitive theory, 
Bandura also saw most of learning as a result of observation; 
that is, the observation of events and activities in which one 
does not personally play any role but acquires many rules 
and knowledge throughout. According to this theory, the use 
of pedagogical agents in instructional multimedia seems 
necessary because learners can master many of the principles 
and concepts simply by observing another person (17).  
Several studies have been conducted on pedagogical agents 
and their role in multimedia learning environments. Yılmaz 
and Kılıç (20) and Clark and Mayer (21), for example, 
observed relatively greater improvements in terms of 
academic achievement, retention, and attitude among the 
participants exposed to human-like pedagogical agents. 
Domagk (22) also showed that the mere presence of 
pedagogical agents did not lead to an increase in learning 
and motivation; rather, such an increase occurred when the 
agents were visually appealing. The results of their study 
suggested the important role of the voice and appearance of 
pedagogical agents in the enhancement of learning process. 
Similarly, in a series of studies, Baylor and Kim (23-25) 
revealed that the gesture and facial expressions of agents, like 
speech interactions, could positively affect learners’ learning, 
as well as their perceptions of the agents. Moreover, expert-
like pedagogical agents could lead to greater access to 
information, motivator-like agents could increase self-
efficacy, and mentor-like agents could improve learning and 
motivation. In addition, learners tend to learn better and 
more when they deal with pedagogical agents with more 
realistic characteristics and also when the agents play the role 
of experts. In this regard, Baylor and Ebbers (26) reported 
that the presence of two distinct pedagogical agents, 
representing the roles of expert and motivator, could 
produce a greater impact on learning and perceived value of 
the agents. Merrill (27) also indicated that the participants 
exposed to animated agents performed better than those not 
presented with any agents. Likewise, Baylor et al. (28) 
observed greater improvements in the participants’ 
motivation with machine-like voice on animated agents and 
also with human-like voice on non-animated agents. The 
results of Moundridou and Virvou’s (29) study also revealed 
that pedagogical agents used in an intelligent tutoring system 
could boost learners’ educational experience. In another 
study, Kim et al. (30) noted the significant effect of the image 
of agents on the perception of the role they played. In two 
experiments conducted by Atkinson (17), it was also shown 
that the learners who observed the agents providing oral 
explanations (i.e., agents with voice) performed better in 
transferring learning when compared with the learners in 
________ 
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the control group. Gharabaghi (31) also reported that 
mentor-like pedagogical agents, compared with expert-like 
agents, could facilitate learning and motivation more in a 
science course. In a similar vein, social interaction between 
learners and agents has been studied in several studies (32, 
33). Such research on different groups of learners suggested 
that factors such as learners’ age, gender, and educational 
grade might affect the choice of pedagogical agents (14, 34). 
Therefore, the selection of pedagogical agents should be 
carefully tailored to the specific groups of learners (35).  
As mentioned earlier, pedagogical agents could have 
different features among which are the visual characteristics 
of agents. Along with the advancement of mobile educational 
systems, designers of such systems need to draw upon new 
empirical findings about the influential factors related to the 
impact of using pedagogical agents with different visual 
characteristics on learning. In this research, an attempt was 
made to evaluate the effect of such factors on learning by 
designing and producing three types of pedagogical agents 
with three levels of realism delivered through a mobile 
educational system. 
 
 
The present study was quasi-experimental with a pretest-
posttest design involving three experimental groups. The 
participants included in the study were among those who 
themselves or one of their relatives suffered from digestive 
disorders; they were selected through a convenience 
sampling procedure from a number of medical clinics in 
Hamedan, Iran. The data from the participants who did not 
complete all phases of the study (i.e., pretest, training 
sessions, posttest) were excluded from the final analyses. The 
final sample consisted of 48 participants (29 males, 19 
females). The instruments and materials included 
instructional multimedia lessons and learning tests.    
The instructional multimedia content consisted of 
instructional materials related to familiarity with the human 
digestive system, its function, and relevant disorders. The 
instructional multimedia lessons were designed according to 
three different levels of realism of the pedagogical agents 
incorporated into the lessons. In lesson prepared for the first 
group (viz., iconic group), the pedagogical agent was iconic 
with the lowest level of visual realism; it was a pedagogical 
agent with only a plane and linear human representation 
lacking details of face lines. In the lesson prepared for the 
second group (viz., semi-iconic group), the pedagogical 
agent was semi-iconic, two-dimensional, and animated 
with relatively more details of face lines. And finally, in the 

lesson prepared for the third group (viz., realistic 
group), the pedagogical agent was similar to a real human 
with the highest level of realism and the greatest details. 
The instructional multimedia lessons were delivered 
through a mobile-based health learning management 
system. Two experts confirmed the validity of the 
multimedia lessons. 
The researcher-developed learning test consisted of 48 items 
on the major concepts of the digestive system. The test was 
used as both pretest and posttest but with different item 
orders in order to reduce the practice effect; each correct 
answer was given one score. To determine the content 
validity of the test, three health professionals examined the 
items and provided modifications; the test was also piloted 
among a group of 12 people, who did not take part in the 
study but were from the same population. Accordingly, 
necessary changes were made. To determine the reliability of 
the test, the Cronbach’s alpha was used, resulting in the 
acceptable coefficient of 0.85.  
The study was implemented in a computer lab in Hamedan, 
Iran during the winter of 2019. One week before the main 
phase of the study, the participants did the pretest. Following 
two training sessions, they completed the posttest. For the 
data analyses, descriptive and inferential statistics, including 
the Analysis of Covariance (ANCOVA) were conducted to 
compare the group means at p < 0.05 using the SPSS (version 
21). Before the analysis, however, the main relevant statistical 
assumptions (i.e., normal distribution of data, homogeneity of 
variance, and homogeneity of regression slopes) were 
examined and no obvious violations were detected. 
 
 
First, the descriptive statistics of the participants’ pretest and 
posttest scores across different groups were examined (see 
Table 1).  
Further, the ANCOVA was conducted in order to investigate 
whether there was a significant difference among the different 
groups in terms of learning. The independent variable 
included group membership with three levels (i.e., iconic, 
semi-iconic, and realistic), and the dependent variable was the 
participants’ posttest scores; in addition, their pretest scores 
were included as a covariate to remove the participants’ pre-
existing differences in terms of the knowledge of the 
instructional materials. Before the analysis, however, the main 
relevant statistical assumptions (i.e., normal distribution of 
data, homogeneity of variance, and homogeneity of regression 
slopes) were examined and no obvious violations were 
detected. Table 2 shows the results of the ANCOVA. 
 

FUTURE of MEDICAL EDUCATION JOURNAL 
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Table 1. Descriptive statistics of participants’ pretest and posttest scores (N = 48) 

Learning measure 

Experimental groups 

Iconic (n = 15) Semi-iconic (n = 16) Realistic (n = 17) 

M SD M SD M SD 

Pretest 17.53 5.77 17.50 5.63 17.41 5.47 

Posttest 25.53 2.99 26.94 3.77 29.29 4.20 

 

 RESULTS 

 METHODS 
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As shown in the table, the participants’ posttest scores were 
significantly different, F (2, 44) = 4.17, p =0.022, partial eta-
squared = 0.16. The effect size was large based on the 
Cohen’s guidelines (36), indicating that about 16 percent of 
the difference in posttest scores were explained by group 
membership. Furthermore, the results of Tukey’s HSD test 
revealed that the participants in the group with the realistic 
pedagogical agent (M =29.29, SD= 4.20), compared with 
those in the group with the iconic pedagogical agent (M 
=25.53, SD = 2.99), did better on the posttest (p=0.020). 
In contrast, in terms of their performance on the posttest, no 
significant difference was noticed between the iconic and 
semi-iconic groups (p=0.906) or between the realistic and 
semi-iconic groups (p=0.231). The results, thus, implied the 
effectiveness of realistic pedagogical agents in increasing 
learning levels. 
 
 
Pedagogical agents are considered as one of the tools to 
communicate effectively between learners and the content of 
instructional multimedia in a mobile learning environment. 
This study was conducted with the aim of investigating the 
effect of the levels of realism in pedagogical agents on mobile 
health e-learning. The participants were assigned into three 
groups, each given an instructional multimedia lesson 
including a pedagogical agent with a different level of realism 
(viz., iconic, semi-iconic, and realistic). The lessons were 
delivered via a mobile learning system. The findings of the 
study suggested the effectiveness of the multimedia 
including the pedagogical agent with the highest level of 
realism (i.e., realistic) in the participants’ learning level. This 
was consistent with the results reported by Yılmaz and Kılıç 
(20), Domagk (22), and Baylor and Kim (24). These studies 
also showed the effects of higher levels of realism, in terms 
of visual appearance and the voice of pedagogical agents on 
learners’ academic achievement, motivation, attitude, and 
learning transfer. The findings of the current study were also 
in line with those reported in Baylor and Kim’s (23) study 
indicating that gesture and facial expressions, as well as 
speech interactions, tended to have an effect on learners’ 
level of learning and their perception of pedagogical agents. 
In the same line, Merrill (27) found that learners faced with 
animated pedagogical agents with more realistic human 
characteristics performed better on learning measures. 
Similarly, Moundridou and Virvou (29) showed that 
pedagogical agents with human-like faces could improve 
learning. Overall, the results of empirical research suggested 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
that the amount of realism and the image of pedagogical 
agents could produce a profound effect on learners’ 
motivation and learning (6, 12); in fact, the more realistic and 
attractive the pedagogical agents are, the more attentive the 
learners become (23). According to Mayer’s (15) cognitive 
theory of multimedia learning, in the process of providing 
information by a pedagogical agent, the agent itself plays a 
very important role in attracting attention; as a result of 
greater attention, greater interaction is created; and 
consequently, motivation and learning are enhanced. The 
findings obtained in the present study could, thus, be 
explained by the fact that realistic and human-like 
pedagogical agents could produce greater plausibility, 
resulting in greater attention while non-realistic and strange-
looking agents with unusual behavior might lead to 
distraction and diversion; therefore, the actual shape of 
pedagogical agents could also help increase motivation and 
learning. Moreover, based on Vygotsky’s theory, pedagogical 
agents could provide an enriched learning opportunity for 
engaging and motivating learners through creating an 
interactive environment between computer and user. In 
addition, pedagogical agents are able to instruct complicated 
tasks, make use of moves and gestures for drawing learners’ 
attention to the most important parts of the content, and 
transfer emotional reactions to the instructional 
environment. The use of pedagogical agents with the highest 
levels of realism in multimedia learning environments not 
only can simulate real-life learning situations, it can also 
result in greater attention to particular instructional points. 
In other words, human-like pedagogical agents play a 
significant role in guiding and directing learners’ attention to 
the main parts of the material, so that learners will be more 
interested and motivated to be engaged in instructional 
multimedia lessons enhanced with realistic and human-like 
pedagogical agents when compared to those with non-
realistic, unreal, and cartoon-like pedagogical agents (14). 
One of the limitations of this study was the convenience 
sampling procedure that restricted the generalizability of the 
findings. Given the results of the current study, it is 
recommended that the designers and developers of mobile 
instructional multimedia content should draw more upon 
standards and principles in this regard and make greater use 
of human-like pedagogical agents with higher levels of 
realism in order to increase learners’ motivation and 
learning. 
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Table 2. Results of ANCOVA for participants’ posttest scores (N = 48) 

Source Sum of squares df Mean squares F p Effect size a 

Pretest 3.27 1 3.27 0.23 0.631 0.01 

Group 116.83 2 58.41 4.17 0.022* 0.16 

Error 616.93 44 14.02    
* p <0.05. 
a partial eta-squared. 
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