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This article reports the results of an experimental study on
multimedia learning environments, which investigated the im-
pact of increasing the social behaviors of a pedagegical agent
on students’ perceptions of social presence, their perceptions
of the learning experience, and learning. Paradoxically, in this
experiment students detected higher degrees of social pres-
ence in both the text only and the fully anmimated social agent
conditions than students in the voice only and the static image
of the agent with voice conditions. Furthermore, students had
more positive perceptions of the learning experience in the
text only condition. The resuits support the careful design of
social behaviors for animated pedagogical agents if they are
10 be of educational value, otherwise, the use of agent tech-
nology can actually detract from the learning experience.
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Recent research in technelogical learning environments has begun o
focus on the educational benefits of including pedagogical software agents,
The work of Reeves and Nass (1996) has demonstrated that in human-io-
computer inferactions, humans will anthropomorphize the software even 1o
the extent of applying social rules of human-to-human commumnication to
the computer agents. The application of these rules to interactions with a
sofiware agent in an electronic learning environment may have educational
benefits as well. Pedagogical software agents are animated interface agents
In instructional eavironments that draw upon human-io-human social com-
munication scripts by embodying observable human characteristics {such as
the use of gestures and facial expressions).

Research in the past few years on the use of pedagogical software
agenis has expanded o cover a variety of pedagogical roles taken on by
the agent. The Teachable Agent Group at Vanderbilt (TAG-V) has devel-
oped social agents who play the role of the tutee rather than the tutor. In this
environment where students learn by teaching, siudents are able 1o adjust
the agent’s attitude, and feach him or her relevant skills and concepis. The
Tutoring Research Group at the University of Memphis, under Art Grasser,
has developed a system called AutoTutor, which uses conversational agents
that act as dialogue partners to assist learners in the active construction of
knowledge. The Pedagogicai Agent Learning Systems (PALS) laboratory at
the University of Florida, under Amy Baylor, has developed a multiple agent
environment called Multiple Intelligent Mentors Insiructing Collaboratively
{MIMIC) in which the agents act as mentors to students. Research on the
MIMIC environment has focused on manipulating the characteristics of the
agents such as programming the agents to offer feedback from an instructiv-
1st and constructivist theoretical perspective (Baylor, 2002). Baylor has also
investigated the impact of using multiple agenis that serve as experts and/
of motbvators to students (Baylor & Ebbers, 2003). The agents in all of the
aforementioned environments are reSpONSIVE O user input.

However, even in a more didactic electronic teaching environment,
agents can maintain motivational and affective features, According to Atkin-
son {20602

In particular, 1t may be possible to structure an example-based
learning environment so that a lifelike character can exploif verbal
{e.g., instructional explanations) as well as nonverbal forms of com-
munication {e.g., gaze, gesture) within the examples themselves in
an effort to promote a learner’s motivation toward the task and his or
her cognitive engagement in it (p. 416)
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In traditional classroom settings “it is difficult to deny that teaching by
its very nature involves some sort of intervention in the learning process of
students in an attempt to facilitate their acquisition of desired educational
outcomes” {Shuell, 1996). One form that this intervention takes is “provid-
ing cues as to which information in the material being studied is most Im-
portant and the manaer in which students might process the information” (p.
731). in a computer-based {futorial presentation, gestures, facial movements
and tonal changes in voice exhibited by an agent can be used to indicate im-
portant and relevant information. Thus, current research on agents needs (o
be expanded to understand how and to what exient agent behaviors contrib-
ute to helping students learn from didactic lessons,

Preliminary research does suggest that lifelike agents can have a strong
motivational effect (Lester, Converse, Stone, Kahler, & Barlow, 1997) and
promote deeper cognitive engagement {Johnson, Rickel, & Lester, 2000;
Mayer, Sobko, & Mautone, 2003}. In a study by Moreno, Mayer, Spires, &
Lester {2001) the inclusion of a pedagogical agent had a positive effect on
interest and transfer.

According to what Lester calls the persona effect (Lester et al., 1997}
the presence of a pedagogical software agent in a multimedia-learning mod-
ule will have a positive effect on a learner’s motivation and engagement due
to the range of social behaviors it can exhibit. In a recent study by Baylor
and Ryu (2003), researchers found that the use of an animated pedagogical
software agent was beneficial for participants’ perceptions of persona char-
acteristics. Persona characteristics were described as the propensity of the
agent to be engaging, person-like, credible, and instructor-like. However,
animation was not always the single best way 1o positively impact students’
perceptions of persona characteristics.

There is also preliminary empirical evidence that there are constraints
placed on educational benefits when designing multimedia environments.
Research studies by Moreno and Mayer (1999) on the optimal design of
multimedia environments have argued that certain design elemenis can have
a positive impact on student learning. For instance, they argue that text and
pictures need 1o be physically integrated and temporally synchronized (May-
er, 1997), and that anditory presentation of text is better than just presenting
it on screen {(Mayer, Heiser, & Lonn, 2001). Mayer, Heiser, and Lonr (2001)
do, however, add a note of caution:

In our opinion, multimedia design principles should aot be taken
as blanket commandments but rather should be interpreted in light
of theories of how people learn-such as the cogmitive theory of
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multimedia learning. For example, PowerPoint presentations — in
which a presenter both speaks and presents words on screen — can

be effective even though words are presenied in two modalities. {p.
196)

Pedagogical software agents represent a new paradigm for teaching
and learning based on research in the areas of animated interface agents and
interactive learning environments {Johnson ef al., 2000). Purthermore, ani-
mated pedagogical agents have the potential to broaden the bandwidth of
social communication between computers and students and increase student
engagement and motivation (Johnson et al., 2000).

One important question that designers of animated pedagogical agents
need to consider is just how much sociability they need to incorporate into
the agent. Is having a voice and a picture sufficient to elicit the persona ef-
fect? Or do we need other social behaviors such as gestures, eye contact,
movement on screen ete. As Reeves and Nass (1996) have argued, there are
situations where people respond sociaily to computers {and other interac-
tive media) even in the absence of programmed anthropomorphic behav-
iors. This is an important question because programming social behaviors
is non-trivial and often expensive. Clearly, pedagogical software agents with
their greater range of “behaviors” such as gestures, intonation, eye-contact,
movement, etc. bring an additional layer of issues that research and design
need to consider.

The study reported here examines the impact that increasing the social
behaviors of a software agent has on students’ perceptions of their experi-
ence and learning. It was hypothesized that the more lifelike the social be-
haviors are, the more positive student perceptions will be of their experience
(a persona effect) and the better their performance will be on a test of learn-
ing. The persona effect only states that the presence of an agent can have a
strong positive effect on a student’s perception of their learning experience.
Thus we are also hypothesizing that by manipulating the expressivity and
presence of the agent that students’ perception of the medium as a social
entity will also become more salient.

In order to measure the salience of the medium as a social entity, we
alse looked at the degree of social presence perceived by the learners as they
interacied and learned from multimedia tutorials that had different levels of
social cues.

Measures of social presence can assist researchers in understanding
the degree to which learners are perceiving an “illusion of non-mediation”
in regards to their experience (Lombard & Ditton, 1997) and the salience
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of the communication medium {Short, Williams, & Cheistie, 1976}, Sccial
presence theory was developed by Short, Williams, and Christie (1976) to
identify the impact of different communication media on the perceived sat-
isfaction and efficiency of the comununication. Social presence, as defined
by Short, Williams, and Christie, is “the degree of salience of the other
person in the interaction and the consequent salience of the interpersonal
relationships...”(p.65). The focus from this perspective is on the communi-
cations media and its ability to impact the salience of interpersonal commu-
nications between individuals. However, in their review of research related
to presence, Lombard and Ditton (1997) noted that various studies have
shown that humans will perceive the medium itself as a social actor, and/or
perceive a social entity within non-inferactive mediums. In this siudy we are
conceptualizing social presence as the salience of the perception of the me-
dium as a social entity.

By manipulating the presence and expressivity of an agent in a mul-
timedia environment if is possible that humans’ responses to psycho-social
stimuli will create a more engaging experience that impacts their perfor-
mance, their perceptions of the learning experience, and the salience of the
medium as a social entity.

Predictions

We hypoethesized that greater levels of social presence will be observed
as the sociability of the pedagogical software agent is increased. For exam-
ple, the agent exhibits greater degrees of social behavior {such as synchrony
between lip movement and voice, gestures, intonation, etc.). Furthermore,
as the agent becomes more expressive and lifelike by exhibiting, human-
like paralinguistic cues, students will have more positive perceptions of the
fearning environment and demonstrate a better recognition of facts present-
ed in the torial.

Although we hypothesized that increasing the level of sociability of the
software agent will increase perceptions of presence, produce more positive
perceptions of the learning experience, and better performance, there are ac-
mally two different ways of thinking about how students will respond to the
increased sociability of the agent across the four conditions. One argument
is that increasing agent sociability (adding voice, voice plus picture, voice
plus animated social agent) will lead to increased engagement, motivation
and recall of information by virmue of the “persona” effect. Thus the order
from least to most effective would be from condition to I to IV ~ as we in-
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creased the social richness of sach condition (from no agent to just voice, o
veice plus image to finally the animated social agent),

On the other hand, it can be argued that adding further modalities to
the plain text version could actually increase cognitive load (Sweller, 1999),
preventing students from paying full attention to the information. Thos in-
creased sociability could actually be harmful by disiracting the student’s at-
tention from the information to be learned. However, according to Mayer et.
al. (2003), social agency theory and cognitive load theory “...are not muty-
ally exclusive, because both cognitive and social factors can contribuie 10
how students learn from multimedia messages™ (p. 424).

METHODS

In this experiment, students were asked to learn about nanotechnology
through a multimedia learning module. This module was constructed using
PowerPoint and Vox Proxy agent software, After they worked with the soft-
ware, students responded to a series of items measuring how they felt about
the computer program and the extent to which they perceived it as a social
entity (social presence), how they felt while viewing the program {percep-
tions of the learning experience), and their recognition of the information
presented in the module (performance). These variables were developed
based on existing research and extensive pilot testing,

Participants and Design

The participants in this study {n=116) were undergraduate students who
were enrolied in a teacher education course. The experimental manipulation
consisted of changing the levels of sociability of the agent. Every presenta-
tion for the four conditions included informational text and supplementary
graphics,

Materials

The learning module was created using Microsoft’s PowerPoint soft-
ware, in combination with Vox Proxy software. Vox Proxy is special soft-
ware that provides an interface for users with no programming expertise to
SCTipt actions for agents that can be incorporated into PowerPoint presenta-
Hons.
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The materials created (o represent the levels of social richness in the
agent’s behavior in the four experimental conditions were as follows:

Condition I: Text only

¢  This condition was very similar to what students wouid normatly see in
an online tutorial (see Figure 1).
e The wtorial consisted of informational text and graphics,

Atoms: The Foundation of
Nanotechnology

= Manotechnology stants with the basic premise thal we can
manipuiate each individual atom of an object.

= Atoms are the building biocks for all matier in our universe.
+ Like ali other matter, the human body s made of atoms. Living calls

assermble these atoms in particular paiterns. In this sense, cells can
¢ sonsidered nature’s nancmachines,

Prass G 2pacs Bit Lo To t g st Sise

Figure 1. Text only condition.

Condition II: Voice only

e Inthe voice only envirenment, the software read the text out loud in
2 MOoRotone voice.

Condition III: Image of an agent plus voice

¢  'This condition was identical to Condition Il except that a static image
of the agent, Chuck, was incladed on the screen. This image, clearly
that of a software agent, not areal person, matched the “mechanical”
voice that was reading out the text (see Figure 2).
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Atoms: The Foundation of
Manotechnology

+ Manctechnology stants with the basic premise that we can
manipulate each individual atom of an object.

= Atoms are the buliding biocks for a matter in cur universe,

* Like all ather matier, the human body s made of aloms Living cells
zzsemble these atoms in particular patierns. in this sense. celis can
e considered nature's nanomachines.
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Figure 2. Image plus voice.
Condition IV: Social agent

® This condition included an animated social agent. The voice was
modulated and less mechanical. The agent moved around on the screen,
pointed at objects, and read through the text with synchronized lip
moveents.

®  AsinCondition 11, the agent read the same text that was on the screen,
however, there was the addition of a few comments o promote the
perception of a social entity. The comments did not include any other
detajls or information in order to avoid an interference effect in learn-
ing {Moreno & Mayer, 2000) (see Figure 3).

In terms of the design of the measurement instrument, the social pres-
ence measures consisted of bi-polar items using adjective pairs as param-
eters on a seven-point scale. The items were based on previously used mea-
surement instruments designed to measure social presence in mediated en-
vironments (Lombard et al., 2000; Short, Williams, & Christie, 1976}, Ex-
amples of the social presence adjective pairs inciude: personal/impersonal,
unsociable/sociable, insensitive/sensitive, and warm/cold. The perceptions
of the learning experience measures also used seven-point bi-polar adjective
pairs. Some examples of the adjective pairs are: passive-active, bad- good,
and excited-bored. The items for the performance measure were based on a
17 item multiple-choice test.
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Atoms: The Foundation of
Nanotechnology

+  Manotechnology statds with the basic prermise that we can
manipulats each individuat atom of an object.

+  Aloms are the building blocks for el matter in our universe.

= Le afl gther malter, the human body s madse of stoms. Living cells
assamble these atoms in parfioular patterns. In this senss, cells can
b considéred nalure’s nanomachines,
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Figure 3. Social agent.

Procedurs

The students were informed that they would be tested on their recall
of the information and, thus, should pay close attention 1o the information
presented. Students were randomly assigned 10 one of four conditons. Each
condition held the information presented constant while manipulating the
levels of sociability. The data were collected through a paper and pencil test
and surveys becanse we did not want the results biased by a perceived presence
of the computers {Nass, Moon, Morkes, Kim, & Fogg, 1997). The surveys were
administered afier the participants viewed the presentation, The entire study,
including viewing the resource material, took approximately 435 minutes.

Scoring

Individual items that were highly cormrelated and measured percep-
tions of the learning experience were collapsed into a single scale. items
that measured social presence were also collapsed into a single scale. Cron-
bach’s alpha for the perceptions of the learning experience scale was .91 and
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for the social presence scale Cronbach’s alpha was .94, In addition, we also
computed the performance score of each participant by totaling the number
of items answered correctly on the test.

RESULTS

Significant effects were found for both social presence and perceptions
of the learning experience. The means and standard deviations are sted in
Table 1.

Table 1
Means and Standard Deviations for Mieasures of Perceptions of the Learning
Experience, Social Presence, and Performance

Perceptions of the

learing experience® Social presence’ Periormance®
Group M 8D M sb M sb
Text only 49 7 43 9 127 32
Voice only 44 9 3.6 11 124 20
i?iiemagemaﬂd 43 39 319 123 26
Social agent 47 7 42 1.0 133 24

Maximum score = 7
"Maximum score = 17

Measures

Perceptions of the learning experience. Participants were asked to re-
spond 1o & series of items designed to measure how they felt while view-
ing the learning module. Results from a one-way ANOVA indicate that there
was a significant difference between conditions, F(3, 112) = 4.14, p = .008.
Tukey post-hoc tests revealed that students in Condition I (text only}, (M =
4.9, 81> =7) had more positive perceptions of the learning experience than
students in Condition 1 {image plus voice), (M = 4.3, SI3 = .9). The differ-
ence was significant at a2 p=.01 level. There was not a statistically significant
difference between the higher mean of Condition I (text oniy) and Condition
Il (voice only), p=.08. Statistical significance was also not observed between
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the higher mean of Condition IV {social agent) and Condition II {image plus
voice), p=.08.

Social presence. The students perceived higher degrees of social pres-
ence in Condition I {text only) and Condition IV {social agent). The results
for the social presence measures were statistically significant, F(3, 112) =
14.40, p = .000. A Tukey post-hoc procedure was performed to detect differ-
ences between individual conditions.

There were statistically significant differences between Condition { {text
only), (M= 4.3, 8D =.9) from both Condition I, (M = 3.0, 8D =.1.1) and
Condition If, (M = 3.1, 8D =.9) {the voice only and the image plus voice
conditions} at a p = .000 level. In addition, there was a statistically signif-
icant difference between Condition IV, (M = 4.2, SD =10} (social agent)
from both Condition I and 1II (the voice only, p = .000 and the image plus
voice, p=.001).

Performance. There was not a significant effect of the experimental ma-
nipulations on performance, F(3, 112) = .909, p = 439. A possible explana-
tion for this may be that there was a significant effect for gender in terms of
performance F(1, 114} = 4.66, p =.03. Furthermore, due to random assign-
ment, males and females were not equally distributed among the conditions.
There was not a significant effect for gender in terms of social presence F
(1, 114) = 011, p = .917, or perceptions of the learning experience F(1, 114)
=508, p = 478,

DISCUSSION

Paradoxically, it appears that the participants perceived higher degrees
of social presence at both ends of the sociability continuum. For example,
the text only and the fully social agent conditions were both seen as hav-
ing a greater level of social presence than the voice only and the image and
voice conditions. A similar pattern was also observed with text only condi-
tion and the ifems that measured perceptions of the learning experience, The
fact that the social agent would have a greater degree of presence is not sur-
prising according to the persona effect. However, the fact that the rext only
condition shows the same pattern and has significantly higher perceptions of
the learning experience is unexpected.

It may be possibie that the mechanical characieristics of the voice only
and image and voice conditions actually detracted from the social presence
of the presentation. The findings of Baylor (2003) suggest that the inclusion
of agent properties that are not life-like may actually detract from learning.



124 Dirkin, Mishra, Allermai

Thus, the motionless image of the agent in Condition HI, and the mechani-
cal voice in conditions I and HI may actually interfere with learning, Bay-
lor alse states that an important attribute of agents is that they are perceived
as "person-like” in order to establish a viable relationship with the learner,
However, this does leave unanswered the question of why the compiete lack
of an agent ied to high levels of presence.

Another contributing factor can be found in the work of Reeves and
Nass (1996} (see also Mishra, Nicholson & Wojcikiewicz, 2003). The evi-
dence suggests that generating personality in a piece of software is not dif-
ticuit and that users often attribute social characteristics to simple interfac-
es. This has been calied Topffers Law (Mishra, et. al,, 2003) and states that
almost all interfaces, however badly developed, have personality and that
personality can appear through the subtlest of cues, text messages, layout,
through the use of images and graphics. Of course the use of anthropemor-
phic agents. such as those used in this experiment will only enhance this
effect.

So one can argue that the participanis in Condition 1 are behaving con-
sistent with Topffer’s Law. However, the participants in Condition I} (me-
chanical voice) and Condition 111 (static picture with mechanical voice) are
suddenly offered additional cues that may not match their initial judgment
of agency. Moreover, the social cues are non-lifelike (mechanical voice,
static picture with a voice) which may actually detract from the perception
of agency. It is only in Condition IV (the fully sociable agent) where agency
and personality can fully emerge.

Limiiations and Future Directions

The results generated from this study provide a basis for further re-
search mto the use of pedagogical software agents in computer based tu-
torials. One limitation of this study was its inclusion of graphics, text and
voice in the same condition. This may have produced a split-attention effect
(Mayer & Moreno, 1998). There is also the possibility that a redundancy
effect was produced (Mayer et al., 2001). However, if this is the case then
we would have expected o see a redundancy effect in all three conditions
which included u voice, which was not the case. Clearly, matters are not as
straightforward as many proponents of agent-based learning environments
would argue. The fact that we found strong effects for the “least sociable”
condition indicates that people’s perception of agency is complex and not
easily captured. Thas, future research in this area should be expanded to
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look closer at both ends of the sociability continuum in computer-based fu-
torial environments.

CONCLUSICGN

BEarly empirical evidesce 1s already beginning to demonsirate that the
use of agents in multimedia learning environments is related to gains in
learning outcomes (Atkinson, 2002; Lester et al,, 1997} Although this study
did not find a significant effect for measures of learning, our research did
conclude that the text only and social agent conditions resulted in higher
perceptions of social presence and the text only condition resulted in more
positive perceptions of the learning experience. Clearly this is an arena ripe
for further research. However, we can argue that the designers of multime-
dia tools need to think carefully about whether or not to include pedagogical
agents. Agents that are not lifelike, and that are more mechanical in their
behaviors, may actually detract from the learning experience. Even fuily ex-
pressive agenis may improve performance in the short term, but once the
noveity effect has worn off they may become more of a nuisance to users,
though this was not something that was studied in this experiment.

Users come into our classrooms with different learning styles and pref-
erences. Our resulis with the text only and social agent conditions makes it
clear that to accommodate the diversity of learners in our classrooms, we
need to build flexibility into the design of multimedia environments. When
agents are added 1o environments they should be lifelike and not mechanical
in nature. Conditions such as a mechanical voice or an agent who does not
exhibit social behaviors may actually detract from the learning experience.
Clearly, generating lifelike pedagogical agents is a non-trivial task, requiring
a significant investment of time and effort. The art of designing characters is
a complicated one. Designers of educational software tools have to go be-
yond the purely cognitive aspects of working with computers and factor in
the social and psychological aspects of character design as well, This makes
our task far more challenging, bringing as it does the psychology and art of
performance (o educational technology design. Our experiment shows that
in cerfain conlexts i may actually be betler to have no agent than a badly
designed ene. In other words, as in most things in life, either do &t well or
don't do it at all.
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