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ORIGINAL ARTICLE

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

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

2ok 900 o (iae (Wojgel Jolge ol S @8l ol 3l
s (Sig 55N 52l

Ly glyie 5 0ol e 30 bLI) g )LBn slealy ) (S iBab g i
il Jalge b b s | 5 0yt ol sl 1 (Bjgel sla ol il
2 it Bigal Jolse IS gly zob b (poyp pSl g B ol
g Ml (S SU 653k 2 s b5e]

095 dw b ogajlmrogsilobe b b iilefl 4d g5 j) gy onl i,
S b g yleS oy SYMB (hyls Jlow Sl 1y imgt (oylol axals 39 (cdolo]
39 JlS 32 058 8 5 FA Jalis (g lel s iy oo S5 s lils (slise] 5
09)5 w3 (ol o g S oyid 3 (G5 diged g jl edlil L &
0ol 5 shigel sl sl il aiz Jols imgy dlge g Jl3l S 038 (ctule]
s |y (500l (gl o) Sz (slsimo 51 (Ligoil e 9 903l i) xSk sl
905 o o LSt 4l YW glgil g 5, Slas ¢ 48 olKiws by ol 4y bgsye
Jele (S Bl 3l itite g b Lol s (ool (Slgime (000 1 09)5 s sl
2 izl sl ol sy w133 (Bl e 5 kel dagd (ol (obse]
03y o (gl 5ad ) sl (6553b 1 (e Codhr (653L Sy e s
A5 odlitul (31) uilylsS” o (glol g3l 51 o

M =29.29,5D ) 8ly 5590l Jolo (chyls 09,5 oS ol (lis guls 1l adly
(M =25.53, 5D = 2.99) ;poles 5590l Jale ()5 05,5 4 s (= 4.20
(P = 0.20) cusls 6,350 o905 3 (oying 3, Sdes

e 2 I b polie I (S clyie 4 (g0l Jolse ) oslial 35508 domali
@ bigel sl gl Wby a5 (b 53l (SN SL G535 SOk
255 B drg 2)50 Codlo Shigel oje> 3 o3

x5k @l s s Gl Bigelistisel Jole 1 galS (gl 03l

ol o k! uddl] o Al dyg 1 Jolgml) dusdlgll Ol giand 155
&9 5SIY) doall
blugll ggizmag plseil v Sl Jolsdl! &b o] Jieds 1 Suglly duilsd)
aaads) Jolgsll ol Siluasid] pluscil § Jaiall eulsdl § draglsl] Bousill
Luogdml] Jolgald dusdlgll Olygrac! 56 dulys 9o dubill odn (o (230 OIS
 AgSUY) dovall g5 s Uikl pulsl s 48
& gomdl - M) LYl el o szl A praadl 1 IS 1yl
0 Ol 9oy 3o dullll Jlas) SISl il A j25 Ologezme EN
B)line PA dolasyl dusdl Clad ol 31,81 sl 51 oigll Slazdl SLls!
dlode JSiy eamdg (9 dolib) Olusll 35T iy b plasaly eaylas! o3 WL
bSlugl Olylas | Ldodl slgbly Olgol Coouds LA y25 Olegame SN e
Bilwgll ggize O (LY amy Loy giued] HLasd) dusgledly Ssusil
Glihsly aidsy Ladyll Szl de Syl e dudsd) Bsusid)
St Ny okl Ggioh] wdd dogaze JS Radlge Cubyws .ddlisd
P25 05 . (e Ay < §30) dud ¢ §309) ok oS LsBlgll (o Liliseo
¢ OBl Juloet) . Jaizk) ealsil] B510] ol Blew § duaslsdll Bousill Jlugll
. (1953T) 5l plasiial o3
M =2929) sl ekl Jolsl) OIS degosed O bl &sppbsl sglan
ol Jolsall OIS degazbl o plsdl L) § sl els] L) OIS (SD =4.20
.(SD =2.99) (p = 0.20 M = 25.53 ) (¢34,
S5 e 355 G Jalgsl) oS duolsl] Jalgsll plusiial Blelye Gy rdo¥sd|
Jlows 3 dols « Lol Bousmill Wilugll glsls eaedd § 03udzdy gl
greal) gzl
olsll ¢ LBlgll Ggiuns ¢ Sl pulsdl ¢ g9y ) ol 1ozl LIS

=t By 31 Gy s S el Sl S Uhs s e s e

= ol el sl S A~y G o sWb e s Sl 2SI 35 8 S
a8 3o ol o Bl LS sl ol andas 508 5l rasibe HS
SU el S 0l S polie sl 5 ot mngyd SIS o s Yo
=

sy sl e s e il WSS Sl S G5 8 o e oS el 3y
Yoo s 2Ll S el plii oo G ol (S S o Gy (S e
G S 08 vy o Gl S eS8 D 0S5 S b S 0l LolA
G sl e (Ao a5 313 Juld e 3o L LS LS Jeli e
o ool a2l ol S ol o e W b 0 D S ey
S ol cndils g len 5 S e S

SU S iy S ol gt 5 5 WS 2 ) Lz S 557055 5
U Sk - e Syl ey Sty sl Ve o Ve e oS
s S L S S Gl (S Gee (Ao ) S S ) Sl 5K s s
S LS o (1) ilyls

St D00 S e o Jole a5 Ve iy o G ol 1
ot e d (1555 Jule slle sl o e i 02b5 58l 8

oA il 5| o Bl 506 S el a5 Janial (S ol s £l
& S o 052 JSedee ol 0slsl oS 5 o US il G b S
- oy Ul LS L Jule L A

Sl ¢ s Sl 1S JALL&J.:.;}U| Aty

FME] 9;2 mums.ac.ir/j-fmej June 25, 2019



Effect of levels of realism in mobile-based pedagogical agents

INTRODUCTION

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. Yilmaz
and Kdic (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.

METHODS

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.

RESULTS

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.

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

Learning measure Iconic (7 =15)

M SD
Pretest 17.53 5.77
Posttest 25.53 2.99

Experimental groups

Semi-iconic (n = 16)

M SD M SD
17.50 5.63 17.41 5.47
26.94 3.77 29.29 4.20

Realistic (n = 17)
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Table 2. Results of ANCOVA for participants’ posttest scores (N = 48)

2 partial eta-squared.

Source Sum of squares df Mean squares F P Effect size
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.

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.

DISCUSSION

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 Yilmaz and Kili
(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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