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designed to teach science content. Participants were 135 college students randomly assigned to one of
four experimental conditions formed by a 2 x 2 factorial design with agent presence as one factor (agent
vs. no-agent) and type of verbal feedback it provided as the other factor (simple feedback vs. elaborate
feedback). Results revealed that participants who learned with the animated agent that delivered
; . . elaborate feedback had significantly higher scores on a learning measure compared to participants who
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1. Introduction

As researchers continue to investigate methods and guidelines to increase the effectiveness of learning environments, attention is being
focused on how motivation, social interaction and cognitive processes impact learning in multimedia environments (Mayer, Sobko, &
Mautone, 2003; Moreno, 2007; Moreno & Mayer, 2007). Multimedia environments provide an interface that incorporates words and
pictures in ways that can potentially capitalize on these factors and enhance learning (Mayer, 2005). For example, researchers have
explored using animated pedagogical agents to enhance social interaction between the computer and the learner and promote learning
processes (Atkinson, 2002; Craig, Gholson, & Driscoll, 2002; Dunsworth & Atkinson, 2007). An animated pedagogical agent is a lifelike
character that provides instructional information through verbal and nonverbal forms of communication. An agent incorporates some or
all of the following features: (a) a human-like look, (b) locomotion, (c) goal-directed gestures, (d) facial expression, (e) gaze, (f) a human
voice, (g) personalized speech, and (h) interactive behavior by reacting to a learner’s actions (e.g., providing verbal feedback). This study
investigated the impact of an animated agent and the type of corrective feedback on learning, motivation and cognition in a multimedia
environment.

1.1. Social agency theory perspective

Social agency theory (Atkinson, Mayer, & Merrill, 2005; Mayer, Sobko, et al., 2003) is one of the theoretical frameworks that researchers
use to investigate the effectiveness of animated pedagogical agents in multimedia learning environments. According to this theory, an
animated agent that appears on a computer screen and provides learners with verbal and/or non-verbal learning cues has the potential to
prime their social-interaction schema and involve the learner in social interaction. As a result, learners may be triggered to interact with
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the agent in a computer-based multimedia learning environment in much the same way they would interact with their peer, mentor or
teacher in a classroom. Once learners perceive a computer-based instructional episode as a social event, they apply social rules—the
conventions for human-to-human communication—when they are interacting with the computer (Reeves & Nass, 1996; Van der Meij,
2013). There are a number of social norms primed by the human-computer interaction—one of which is the cooperation principle
(Grice, 1975). Grice proposed that a person who is listening to someone talk in a human-to-human communication scenario will assume
that the speaker is making a concerted effort to clearly communicate by being informative, accurate, relevant, and concise. Therefore, the
learner is potentially motivated in this situation to make sense of what is being presented to him/her and will be more likely to process the
information deeply and achieve meaningful learning. In effect, they will be more motivated to select relevant information and integrate it
with prior knowledge.

There is modest empirical evidence in the educational research literature supporting social agency theory as several studies have
revealed positive learning effects of presenting an animated pedagogical agent in a multimedia environment. For instance, Atkinson
(2002) conducted a study in which an animated parrot (Peedy) was used in a multimedia program to deliver worked-example in-
struction about proportion-word problems. He found that participants studying content with the agent that narrated the instruction
performed significantly better on learning outcome measures than their counterparts studying the same content with narrated in-
struction but no agent. This finding indicated that the presence of the agent enhanced the learning effectiveness of the multimedia
environment (i.e., image effect). Other studies (e.g., Dunsworth & Atkinson, 2007; Lester et al., 1997; Lusk & Atkinson, 2007; Moreno,
Mayer, & Lester, 2000; Moreno, Mayer, Spires, & Lester, 2001; Yilmaz & Kilig¢-Cakmak, 2012) also showed that the presence of an
agent fostered learning in a multimedia environment. Kim and Ryu (2003) reviewed 28 studies and found a strong positive learning effect
for visually presented agents that are utilized to deliver instruction. In addition, past research revealed the positive impact of agents’
voices (e.g., personalized speech) and affective behaviors (e.g., facial expressions) on learners’ affective states (e.g., motivation and in-
terest) in multimedia environments (Atkinson et al., 2005; Baylor & Kim, 2005, 2009; Kim & Baylor, 2006; Kim, Baylor, & Shen, 2007).
These findings provide further evidence of social-motivational aspects of agents. Additionally, Atkinson et al. (2005) found that learners
who studied worked examples that were narrated by an agent with a human voice rated the agent’s speech more positively and had
better performance on transfer test questions than their peers who studied examples accompanied by the same agent with a computer
voice. Therefore, learning, motivation and cognition should all be considered and investigated in multimedia environments, as these
three factors are influenced by different instructional methods and media (Briinken, Plass, & Moreno, 2010; Moreno, 2010; Moreno &
Mayer, 2007).

1.2. Cognitive load theory perspective

Cognitive load theory (CLT; Paas, Renkl, & Sweller, 2003; Schnotz & Kurschner, 2007; Sweller, 1994; Sweller, Ayres, & Kalyuga, 2011;
Sweller, van Merrienboer, & Paas, 1998) provides another theoretical framework for researchers to explain their findings in agent-based
learning environments. CLT is built around a multicomponent working memory model (Baddeley, 2007) that assumes humans process
information via dual sensory channels—audio/verbal channel and visual/pictorial channel and consequently have a limited working
memory capacity. During the learning process, learners must select relevant information from the two channels, organize it in working
memory and integrate it with their prior knowledge. This process is essential for learning, as it facilitates schema construction and the
transfer of information to long-term memory (Sweller, 2005). Learners experience cognitive load when their working memory capacity has
been exceeded.

There are three sources of cognitive load—intrinsic load, extraneous load and germane load. Intrinsic load is due to the natural
complexity of the learning content that results from the number of interacting elements (element interactivity) necessary to process the task
(Sweller, 2005). More interactive elements increase the intrinsic load, the working memory load (Sweller, 2010) and the difficulty level of
the task. Extraneous load is caused by ineffective instructional design and should be reduced to promote learning. Finally, germane load is
caused by the necessary effortful processing that is required to facilitate schema acquisition. Regardless of the source, the underlying cause
of cognitive load that taxes limited working memory resources is proposed to be element interactivity (Sweller, 2010). Sweller suggested
that this notion may make it difficult to assess how much load is caused by the different sources but that overall cognitive load can be still be
determined and there is “...no reason why the currently commonly used subjective ratings of task difficulty...cannot be used to determine
changes in overall cognitive load” (p. 128).

The design of instruction, or the instructional format, has the potential to impact how learners interact with a learning environment
and experience cognitive load. For example, it could be argued that a multimedia learning program designed with an animated agent has
no effect or even negative effect on learning. According to Harp and Mayer (1998), an animated agent that displays gestures, gaze, facial
expressions or locomotion may provide learners too many seductive details and cause learners to split their attention from relevant
information and consequently experience extraneous load (or additional element interactivity) in the learning environment. Results
revealed from several studies (Chen, 2012; Choi & Clark, 2006; Craig et al., 2002; Mayer, Dow, & Mayer, 2003) support this claim. For
instance, in Choi and Clark’s study (2006), either an animated agent or an arrow was used in a multimedia program to teach an English
language topic about relative clauses. However, the study failed to reveal any learning benefits for those who learned from the animated
pedagogical agent. This finding is consistent with Mayer’s (Mayer, Dow, et al., 2003) results, who found that participants who studied
with an animated agent did not significantly improve on the transfer test compared to their peers who learned without an agent.

Irrespective of theoretical orientation, the current education research literature on the effectiveness of animated agents is rich
with diverse research hypotheses and varied empirical outcomes (for review, see Heidig & Clarebout, 2011). In fact, some researchers
have concluded that no generalization can be made about whether it is advantageous to embed an agent in a learning environment.
Instead, research should investigate the specific conditions under which an agent enhances learning by taking into account a series of
potential moderators, such as learner characteristics, the agent’s functions, the agent’s design, learning environments, and the type of
knowledge (Atkinson et al., 2009; Johnson, DiDonato, & Reisslein, 2013; Kim & Wei, 2011; Ozogul, Johnson, Atkinson, & Reisslein,
2013; for review, see Dehn & van Mulken, 2000; Heidig & Clarebout, 2011). Therefore, they recommended that empirical research
should address the effect of a specific type of agent in a specific domain. In order to shed light on the mixed and inconclusive
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empirical results on animated pedagogical agents, the current study was designed to investigate the learning and motivational
benefits of an animated agent that functioned to provide verbal feedback in a multimedia environment designed to deliver science
instruction.

1.3. Types of verbal feedback

Shute (2008) defined feedback as “information communicated to the learner that is intended to modify his or her thinking or
behavior for the purpose of improving learning” (p. 154). Instructional designers considered feedback as one of the important ele-
ments of effective instruction (Sullivan & Higgins, 1983), as it has the potential to assist learners monitor their own learning (Butler &
Winne, 1995). In the past several decades, researchers have investigated the role of feedback in learning and instruction from multiple
perspectives, e.g., the timing of feedback (immediate feedback vs. delayed feedback, Schroth, 1992), the source of feedback (self-
generated feedback vs. externally provided feedback, Andre & Thieman, 1988) and the degree of elaboration of feedback (simple
feedback vs. elaborate feedback, Moreno, 2004). To help researchers and practitioners better understand the effectiveness of feed-
back, a couple of models of feedback were proposed from review articles (Bangert-Drowns, Kulik, Kulic & Morgan, 1991; Butler &
Winne, 1995; Hattie & Timperley, 2007). The commonality of these models is that the effectiveness of feedback is related to a
range of factors internal (e.g., meta-cognition) and external (e.g., task level) to learners. This is supported by the results of a meta-
analysis conducted by Azevedo and Bernard (1995), which revealed that the effect of a particular type of feedback was inconsistent in
the literature.

One category distinguishes feedback into simple and elaborate feedback based on the amount of information contained in the feedback
(Bangert-Drowns et al., 1991). Feedback can be as simple as a confirmation of whether a learner’s response is correct or not (simple
feedback) or it can provide an explanation for correct and incorrect responses (elaborate feedback). In a review of 40 research studies
utilizing either computerized or non-computerized environments, Bangert-Drowns et al. (1991) found that results from studies that used
elaborate feedback produced larger effect sizes compared to results from studies that used simple feedback. Additionally, studies that
utilized computer-based learning environments also revealed results that showed the effectiveness of elaborate feedback (e.g., Narciss &
Huth, 2006; Pridemore & Klein, 1991). For instance, Pridemore and Klein (1991) found that participants who received elaborate feedback
outperformed their counterparts who received verification feedback (i.e., simple feedback), regardless of whether learner control was
provided. One interpretation of this effect is that elaborate feedback cues the learners into a cognitive elaboration process, which enhances
deep understanding (Anderson & Reder, 1979).

One of the affordances of an animated pedagogical agent is its ability to serve as a source of verbal social cues (e.g., feedback)
when learners are interacting with the multimedia environment. Considering that the feedback is most effective when it fosters
cognitive processes (Azevedo & Bernard, 1995; Bangert-Drowns et al., 1991), it is possible and plausible to predict that providing
verbal feedback that is external to learners, facilitates positive learning outcomes in the agent-based environments. For instance,
participants in two studies (Moreno, 2004; Moreno & Mayer, 2005) completed an activity designing plants for various weather
conditions in a discovery game-like learning environment augmented with an animated agent (called Herman the Bug). The results
of both studies revealed that spoken explanatory feedback (i.e., elaborate feedback) provided by the agent promoted learning and
reduced perceived cognitive load more effectively than when the same agent provided simple feedback. However, as the review of
past literature revealed a wide range of variables that influence the effectiveness of feedback, it is worthwhile continuing to
investigate the interplay between the agent and feedback by extending previous studies by Moreno and her colleagues (Moreno,
2004; Moreno & Mayer, 2005) by using a non-gaming environment and incorporating a no agent control group to deliver
different types of feedback.

2. Overview of experiment

The purpose of the current study was to investigate the effects of an animated pedagogical agent that provided verbal feedback in a
multimedia learning environment. Specifically, the study was designed to test the social agency theory and the cognitive load theory by
exploring the effect of the agent (agent or no-agent) and type of feedback (simple or elaborate), as well as the potential interaction between
the agent and the type of feedback, on a learning outcome measure and perceived motivation and cognitive load ratings. The study
addressed three research questions within a multimedia learning environment: (a) How does the presence of an animated agent that
narrates instructional content impact learning, motivation and cognitive load? (b) How does the type of instructional feedback affect
learning, motivation and cognitive load? and, (c) How does the presence of the agent interact with the type of feedback with respect to
learning, motivation and cognitive load?

Two independent variables were manipulated in the study—the presence of an agent (agent or no agent) and the type of verbal feedback
(simple or elaborate). The dependent variables were participants’ (a) learning outcomes, (b) subjective ratings of cognitive load, and (c)
subject ratings of motivation. Learning time was also included as an en-route variable.

Because of the mixed results in the literature (e.g., Dehn & van Mulken, 2000; Heidig & Clarebout, 2011) regarding the effect of animated
agents on learning, we tested hypotheses according to the social agency theory perspective as well as the cognitive load theory perspective.
We hypothesized that participants in the agent conditions would perform better on a learning outcome measure and report higher levels of
intrinsic motivation. The social agency theory supports this hypothesis and the assertion that agents have the capacity to evoke a learner’s
social schema and promote motivation to select and process relevant learning stimuli. However, from the cognitive load theory perspective,
we hypothesized that the presence of the agent would—at a minimum—have no impact on learning compared to the no agent conditions
and might even contribute to higher levels of perceived cognitive load. Thus, we hypothesized that the participants provided with an agent
would report higher levels of extraneous cognitive load.

In terms of feedback, we had several hypotheses. We hypothesized that participants who learned with elaborate feedback would perform
better on a learning outcome measure given that elaborate feedback provides instructional explanation while simple feedback does not.
Finally, we hypothesized from a social agency theory perspective that participants who learned with an agent providing elaborate feedback



242 L. Lin et al. / Computers & Education 67 (2013) 239-249

would outperform their peers learning from an agent providing simple feedback on the learning outcome measure. This hypothesis also
takes into account the impact of potential moderating variables (Azevedo & Bernard, 1995; Dehn & van Mulken, 2000; Heidig & Clarebout,
2011).

3. Method
3.1. Participants and design

The participants consisted of 135 undergraduate and graduate students from a southwestern university in the US. They were recruited
from a participant pool, as well as from flyers and emails that were distributed throughout campus. A wide range of disciplines (Education,
Engineering, Music, Business, Journalism, etc), representing the general student population, participated in the study. Participants were
either paid a small stipend ($20) or received class credits for participation. The sample was comprised of 55 (41%) males and 80 (59%)
females. The average age of the participants was 26.01 (SD = 9.21).

This study used a pretest-posttest, 2 x 2 factorial design; the first factor was the agent presence (animated agent with narration vs.
narration only) and the second factor was the type of verbal feedback (simple feedback vs. elaborate feedback). Participants were randomly
assigned to one of the four conditions: (a) Agent/Simple (an animated agent narrating the content and providing simple feedback), (b) Agent/
Elaborate (an animated agent narrating the content and providing elaborate feedback), (c) No-agent/Simple (content and simple feedback
were presented with narration alone), and (d) No-agent/Elaborate (content and elaborate feedback were presented with narration alone).

3.2. Computer-based multimedia learning environment

The computer-based materials were composed of a multimedia learning environment that contained three lessons about thermody-
namics—Lesson 1: Introduction to Thermal Energy Transfer, Lesson 2: Thermal Energy Transfer by Conduction, and Lesson 3: Thermal
Energy Transfer by Convection. The learning environment consisted of 23 screens and was created in Visual Basic and embedded with
animated movies created in Adobe Flash. In each of the four experimental conditions, participants viewed the same number of screens (i.e.,
23) embedded with animations about thermodynamics. There were no time constraints imposed on learners and thus the degree of learner
control was consistent across all four conditions. There were a total of 12 multiple-choice practice questions (four in Lesson 1, three in Lesson
2 and five in Lesson 3) dispersed among the content screens. Practice was included in the design of the learning environment as it is an
essential component of effective instruction, its inclusion helps to emulate an authentic learning environment and it was the activity for
which feedback was provided.

Each condition differed with regard to the presence of the agent and the type of verbal feedback that learners received when they
responded to the practice questions. In the Agent/Simple condition, a female human agent (head and shoulders shot) appeared on each
screen, narrated the instructional content (see Fig. 1) and provided simple feedback verifying right or wrong each time after the participant
responded to a multiple-choice practice question (see Fig. 2). The participant would receive the statement “Yes, that’s correct” when
correctly answering the practice question, or receive the statement “No, that’s wrong” when incorrectly answering the practice question. In
Agent/Elaborate condition, the same agent, positioned at the same location on the screen as the agent in the Agent/Simple condition,
delivered auditory instruction and provided elaborate feedback on each of the participant’s responses to the practice questions. The extent
of the agent’s non-verbal social cues was controlled for in the two agent conditions. Specifically, the agent’s facial expression, voice, clothing

Lesson 1: Introduction of Thermal Energy Transfer Student ID: 34-111-31 Page: 30f 23

temperature > absolute zero

u Arimation Confioks n Navigabion Controls

Fig. 1. Agent narrating the content.
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Lesson 1: Introduction of Thermal Energy Transfer Student ID: 34 - 111 - 31 Page: 30f 23

Test Your Knowledge

Which of the following statements is True?
A)] € Only hot objects possess thermal energy.
B) € Ice doesn't possess themal energy.
C) " A bub possesses thermal energy only when it is lighted.

D) @ All objects in our world possess themal energy.

Fig. 2. Agent providing the feedback.

and the degree and timing of the head movement were exactly the same in Agent/Simple condition and Agent/Elaborate condition. The
elaborate feedback in Agent/Elaborate condition not only included verification of right or wrong, but also included information as to why the
answer was right or wrong. An example of this type of feedback was “Your answer is wrong because temperature is a measure of the average
kinetic energy of the particles in a substance, not a process of energy transfer.” Within the computer-based learning environment, the
interface for the No-agent/Simple condition and No-agent/Elaborate condition were almost identical to the conditions with the agent
present, except that the participants could not view the agent and only heard the narrated learning content (see Fig. 3) and feedback during
the practice activity (see Fig. 4). Although the presence of the agent differed across the four conditions (agent and no agent), the audio
narrations were the exactly the same.

A tutorial screen (Fig. 5) was launched by the computer program before the instruction started. The purpose of providing participants
with a tutorial screen was to explain the controls of navigation and animation of the learning environment. No content-related graphics,
narration or agent appeared on the screen.

Lesson 1: Introduction of Thermal Energy Transfer Student ID: 34 - 111 - 41 Page: 30f 23

temperature > absolute zero

n ‘Absmation Covlrols u Haviaation Coliole

Fig. 3. No agent (narration only) delivering the content.
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Lesson 1: Introduction of Thermal Energy Transfes Student ID: 34 - 111 - 42 Page: 3of 23

Test Your Knowledge

Which of the following statements is True?

A)] € Only hot objects possess thermal energy.
B) € Ice doesn't possess thermal eneray.
C) @ A bulb possesses theimal energy only when it is lighted

D) € All objects in our world possess thermal energy.

Review Content

Fig. 4. No agent (narration only) providing the feedback.

3.3. Measures and instruments

Participants’ prior knowledge about the learning content—thermodynamics—was measured by a pretest of 20 multiple-choice ques-
tions. Each test question had four choices—one correct answer and three distracters. A participant received zero points for each incorrect
answer and one point for each correct answer. Therefore, a maximum of 20 points could be achieved. Participants’ performance on the
pretest was automatically scored by the computer-based program. A posttest was administered immediately after the instruction to
measure learning outcomes. The posttest was identical to the pretest but the items were reordered. It had the same format, the same
number of test questions and the same scoring method as the pretest. In addition to the pretest and posttest, 12 multiple-choice practice
questions, which had the same format and scoring method, were interspersed between screens of the content. Each practice question was
related to the content of the screen or screens immediately preceding it and practice opportunities were similar for each content area
included on the posttest.

You are going to learn about the transfer of thermal energy. This
material is presented in 3 lessons. There are practice questions in
each lesson to help you understand the material

Before you begin, here's a look at the buttons you can use:

To move forward a screen click n

To play an animation or sound click n

To stop and rewind an animation or sound click Jn

Fig. 5. Tutorial screen.
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Table 1
Cognitive load measurement.

Item

1. How difficult was the lessons?

2. How much mental effort did it take to learn the lessons?
3. How hard was it to navigate through the lessons?

4. How frustrated were you during the lessons?

Four subjective questions were used to measure cognitive load (see Table 1). They were adapted from the NASA-TLX (Hart & Staveland,
1988) and were described by Gerjets, Scheiter and Catrambone (Gerjets, Scheiter, & Catrambone, 2004; Scheiter, Gerjets, & Catrambone,
2006). Each cognitive load question contained a Likert-type rating scale from 1 (very low cognitive load) to 8 (very high cognitive load).
The focus of the questions was to measure participants’ perception of task difficulty as this is the aspect of cognitive load that reflects
element interactivity and is an indicator of overall cognitive load (Sweller, 2010). An item specifically assessing perception of task difficulty
was used along with three additional items related to cognitive load: perception of effort, ease of task, and frustration. The use of the
additional items was exploratory and a factor analysis was conducted to determine the factor structure for each of the items as they related
to the construct of cognitive load.

There were 15 statements used to measure participants’ intrinsic motivation, which was adapted from McAuley, Duncan, and Tammen
(1989) and Ryan (1982). This intrinsic motivation scale included six subscales—interest, competence, value, effort, pressure and choice (see
Table 2). Participants ranked each item on an 8-point Likert scale ranging from 1 (“not at all true”) to 8 (“very true”). Negatively worded
items were reverse-scored such that higher scores reflect more positive motivation.

3.4. Procedure

The experiment was conducted in a controlled multimedia laboratory setting. First, participants signed a consent form to participate and
were then seated at an individual cubicle, facing a computer monitor. Next, a researcher informed participants about the goal and procedure
of the experiment. However, participants were left unaware of the experimental conditions and the research questions. Then, they
completed the pretest on the computer with no time limit and were randomly assigned to a condition with an experiment ID number.
Experiment ID numbers were used to preserve the anonymity of each participant. When the participants completed the lesson, a posttest
and a questionnaire were administered, both of which did not have a time limit. When these items were completed, participants were
thanked and either paid or provided course credit. The study was approximately 60 min in duration.

4. Results

All participants’ data were included in the analysis for two reasons: (a) there were no missing cases; and (b) the results of preliminary
data screening showed no outliers. Table 3 presents the means and standard deviations (in parentheses) of participants’ (a) total pretest
scores, (b) total posttest scores, and (c) adjusted total posttest scores, where appropriate. Family-wise alpha was set at the .05 level. Cohen'’s f
was used as an effect size measure with .10, .25 and .40 defined as small, medium and large effect sizes, respectively (Cohen, 1988).

4.1. Prior knowledge

An analysis of variance (ANOVA) was conducted to evaluate whether participants’ prior knowledge significantly differed across the four
experimental conditions (i.e., Agent/Simple, Agent/Elaborate, No-agent/Simple and No-agent/Elaborate). There was no significant main
effect for the agent presence or the type of verbal feedback (both Fs < 1.00 and both ps > .50), nor was there a significant interaction effect,
F(1,131) =2.18,p = .14.

Table 2
Intrinsic motivation items.
Item Subscale
1. I thought it was a boring activity. Interest
2. 1 think I was pretty good at this activity. Competence
3. I think that doing this activity could be useful. Value
4. I didn’t try very hard to do well at this activity. Effort
5. 1did not feel nervous at all while doing this. Pressure
6. I believe I had some choice about doing this activity. Choice
7. It was important to me to do well at this task. Effort
8. I believe doing this activity could be beneficial to me. Value
9. I felt very tense while doing this activity. Pressure
10. 1 did this activity because I had no choice. Choice
11. This activity was fun to do. Interest
12. I put a lot of effort into this. Effort
13. This was an activity that I couldn’t do very well. Competence
14. I believe this activity could be of some value to me. Value
15. I would describe this activity as very interesting. Interest
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Table 3
Mean and standard deviations of test scores.
Agent No Agent
Simple feedback (n = 32) Elaborate feedback (n = 34) Simple feedback (n = 35) Elaborate feedback (n = 34)
M SD Adj. M M SD Adj. M M SD Adj. M M SD Adj. M
Pretest 11.16 445 9.94 3.10 10.51 3.70 11.15 3.19
Posttest 14.87 3.84 14.52 15.50 3.20 16.05 15.00 3.68 15.12 15.35 3.19 15.01
Difficulty 3.97 2.06 3.76 1.72 417 1.81 3.53 1.76
Mental effort 3.91 191 4.12 1.74 431 2.13 3.53 1.83
Navigation 1.69 149 1.62 113 1.63 1.06 1.65 .081
Frustration 241 1.62 212 1.23 2.37 1.77 293 1.22
Overall CL? 2.99 1.35 2.90 1.07 3.12 1.27 2.68 1.13
Interest/le 5.94 1.16 6.09 1.25 6.10 1.59 6.34 1.20
Competence/IM 5.67 133 6.01 1.27 5.83 1.25 6.01 141
Value/IM 4.88 95 5.17 1.05 495 135 4.83 1.10
Effort/IM 5.55 1.23 5.54 1.22 5.57 113 5.91 1.17
Pressure/IM 4.05 1.40 422 1.36 3.87 117 3.97 1.11
Choice/IM 3.78 .90 3.97 .97 3.76 1.09 3.93 .75
Time® 14.18 3.26 14.90 2.72 14.42 2.83 14.72 2.54

Note. The maximum scores of both pretest and posttest were 20.
@ Overall CL = Overall Cognitive Load.
b M = Intrinsic Motivation.
¢ The unit of time is minute.

4.2. Learning outcomes

A two-way analysis of covariance (ANCOVA) was conducted. The first factor was agent presence with two levels, agent and no-agent; the
second factor was type of feedback with two levels, elaborate and simple. The dependent measure was the score on the posttest and the
covariate was the score on the pretest. An a priori analysis of the homogeneity-of-slopes assumption indicated that the relationship between
the pretest score and the posttest score did not differ significantly as a function of the agent presence or the type of feedback (both Fs < 1.00).
The ANCOVA showed a significant interaction, F(1, 130) = 4.60, MSE = 4.88, p = .03, f = .19 (see Fig. 6). However, the main effect for agent
presence was not significant, F(1,130) = .34, MSE = 4.88, p = .56, f = .05, and neither was the main effect for type of feedback, F(1,130) = 3.43,
MSE = 4.88,p = .07, f = .16.

To clarify the significant interaction effect, we conducted follow-up analyses of simple main effects controlling for the effect of pretest
scores. We found that participants in the Agent/Elaborate condition (Mean = 15.50, SD = 3.20, adjusted M = 16.05) achieved higher posttest
scores than their counterparts in the Agent/Simple condition (Mean = 14.87, SD = 3.84, adjusted M = 14.52), {(1,130) = 7.77, p = .006, f = .24.
All of the remaining analyses were non-significant (all Fs < 1.20 and all ps > .28).

4.3. Cognitive load

Four separate ANOVAs were conducted to evaluate the effects of agent and type of feedback on learners’ perceived difficulty, mental
effort, navigation of the environment and frustration respectively. There were no significant main effects or interaction effects (all Fs < 2.30
and all ps > .13).

In addition, a confirmatory factor analysis was conducted on the four cognitive load measures to determine whether the four measures
assess a single underlying factor of cognitive load. The fit of the hypothesized single-factor model was assessed by the robust maximum
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Fig. 6. Interaction effect on adjusted posttest scores.
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likelihood estimation in Mplus 6.1. The results showed that the hypothesized model had an acceptable fit, y*(2) = 6.14, p = .047, CFI = .97,
SRMR = .05, RMSEA = .12, 90% CI [.01-.23]. Based on this empirical evidence, the mean of the four cognitive load measures was computed
for each participant to represent the overall cognitive load. A two-way ANOVA was then conducted to assess the potential effect of agent and
feedback on the overall cognitive load. However, there were no significant main effects or interaction (all Fs < 1.60 and all ps > .21).

4.4. Intrinsic motivation

Means of participants’ ratings on each of the six subscales—interest, competence, value, effort, pressure and choice—of intrinsic
motivation measures were computed. A two-way multivariate analysis of variance (MANOVA) was conducted to determine the effects of the
agent presence and the type of verbal feedback on these six subscales. No significant differences were found on the six subscales for the
agent presence main effect, Wilks’ A = .98, F(5,127) = .48, p = .79, f = .14, or for the type of verbal feedback main effect, Wilks’ A = .97, F(5,
127) = .85, p = .52, f = .18. The interaction effect was also non-significant, Wilks’ A = .93, F(5, 127) = .96, p = 41, f = .20.

4.5. Learning time

A two-way ANOVA was conducted to evaluate the effects of agent and the type of verbal feedback on the learning time (in minutes) spent
by the participants in the multimedia environment. There was no main effect for agent, no main effect for the type of verbal feedback, and no
interaction effect (all Fs < 1.09 and all ps > .30).

5. Discussion

The findings in the educational research literature regarding the effects of animated pedagogical agents (image effect) are varied and
inconclusive. Results from some studies support the agent’s image effect (e.g., Atkinson, 2002; Dunsworth & Atkinson, 2007, Lester et al.,
1997) while others do not (e.g., Moreno et al., 2001). This study was designed to explore Dehn and van Mulken’s (2000) recommendation to
study a specific type of agent in a specific domain and attempt to disentangle the complex design issues involved in creating and delivering
instruction via a pedagogical agent in a multimedia learning environment for college students. We investigated the learning, motivational,
and cognitive benefits of utilizing an animated agent to provide two different types of verbal feedback during an instructional multimedia
science module about thermodynamics.

5.1. How does the presence of an animated agent that narrates instructional content impact learning, motivation and cognitive load?

There were no significant main effects for the agent factor on learning outcome measures or for perceived motivation. Thus, there was no
support for our hypothesis based on social agency theory that the presence of an agent would support learning and motivation. Instead, the
finding that the participants who learned without the presence of the agent performed equivalent to participants provided with an agent on
the learning measure provides partial support for our hypothesis based on cognitive load theory, i.e., the agent’s presence would not foster
learning. On the other hand, since cognitive load theory also suggests that the presence of an animated agent could be a source of cognitive
load, it is also reasonable to anticipate that learners in the agent conditions would report higher levels of perceived cognitive load. However,
this was not the case as participants experienced the agent and no-agent conditions similarly with regard to self-report measures of
motivation and cognitive load as there were no significant mean differences among conditions. This finding provides evidence that par-
ticipants did not necessarily experience the agent conditions with an increased level of cognitive load as indicated in the previous studies
(Choi & Clark, 2006; Craig et al., 2002; Mayer, Dow, et al., 2003). We can postulate that the agent’s presence in the learning environment did
not appear to impose an additional amount of element interactivity that could be detected by the self-report measure. Participants in the
agent conditions did not report significantly higher levels of perceived cognitive load despite the fact that our animated agent was pro-
grammed with head movement, gaze, and lip-synced narration. An alternate explanation is that our cognitive load measurement tool may
not have been sufficiently sensitive to changes in perceived levels of cognitive load. Further research is needed to determine how best to
measure cognitive load in multimedia environments.

5.2. How does the type of instructional feedback affect learning, motivation and cognitive load?

Likewise, there were no significant main effects for the type of feedback on the learning outcome measure, and consequently, we did
not find support for our hypothesis that participants would perform better when provided with elaborate rather than simple feedback.
While we did not find a statistically significant difference, the descriptive statistics suggested an advantage for the elaborate feedback
condition given the estimated effect size (f = .16) and that the difference approached significance (p = .07). While we cannot definitively
state that the elaborate feedback fostered learning to a greater degree than simple feedback, our descriptive statistics are consistent with
previous findings documenting the advantage of elaborate feedback. As mentioned previously, we did not find any significant main effect for
the feedback factor on the measures of intrinsic motivation instrument or cognitive load.

There are various perspectives to distinguish different feedback (Bangert-Drowns et al., 1991). In this study, we investigated the type of
feedback in an agent-based learning environment, in which an animated agent provided verbal feedback with different amount of information,
i.e,, simple feedback and elaborate feedback. Other types of feedback, such as the feedback modality (text vs. audio), may also impact learning
outcomes, motivation and cognitive load in the agent-based environment. Future research should further investigate these interesting issues.

5.3. How does the presence of the agent interact with the type of feedback with respect to learning, motivation and cognitive load?

We did find a significant interaction between the presence of an agent and the type of feedback it provided during learning. Our results
indicated that learners benefited the most from the animated agent that provided elaborate verbal feedback relative to an agent that
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provided simple feedback. This finding is consistent with social agency theory as there is an indication that the agent giving elaborate
feedback potentially enriched the learning environment by providing a higher degree of social cues (Atkinson et al., 2005; Mayer, Sobko,
et al,, 2003). In other words, the animated pedagogical agent providing elaborate feedback is better able to evoke learners’ social schema
and thus facilitate deep processing and meaningful learning compared to the same agent providing simple feedback. This result, in com-
bination with the findings that there were no main effects for agent or for type of feedback, contributes to the current literature by directly
addressing the question “When is a pedagogical agent effective?” The result supports the notion that the effectiveness of an agent in a
multimedia environment depends on the type of feedback a pedagogical agent delivers, one of the functions that an agent executes (Heidig
& Clarebout, 2011). However, it is unclear if the learning effect is a result of including an instructional manipulation, such as the provision of
elaborate feedback, or a result of the agent “behaving” in a manner that was more consistent with learners’ expectations of a mentor or
teacher. Perhaps learners experienced the agent that offered elaborate feedback as a more authentic learning companion and therefore it
was more effective at evoking learners’ social schema and promoting them to adopt the cooperation principle in their interaction with the
computer environment and learning process.

The findings in this study only partially support the agent’s image effect in the multimedia environment on condition that the animated
agent presents narrated elaborate feedback to learners’ responses on the multiple-choice practice questions. This implicates that the
learning benefits of incorporating an agent in the multimedia environment may not be applied to the general instructional settings, but to
some specific settings where a human-like agent is designed to provide maximum verbal social cues, such as elaborate feedback provided by
a visually presented agent. Instructional design and development of the agent-based learning environments should not only take into
account the technological aspects of the animated agent, but also the cognitive aspects of the agent or the computer-based learning
environment. In future research, we will further investigate the moderating effect of the type of feedback in an agent-based learning
environment. For instance, we can consider manipulating the presence of an animated agent either in the content delivery phase or in the
practice activity providing different types of feedback so that we can clearly investigate the potential moderating effect of different types of
feedback.

The current study provides evidence that learning is fostered when an animated agent provides learners instructional explanations (i.e.,
elaborate feedback) via human narration after they respond to practice questions. It is possible learners are prompted by the agent’s social
cues, especially the elaborate verbal feedback, to self-explain what they have learned and, in turn, this possible self-explanation process
leads to better learning and understanding (Chi, de Leeuw, Chiu, & LaVancher, 1994). However, the current study did not collect any self-
explanation data, which limits our ability to attribute the learning effects to this type of process. In future research, we will consider us-
ing methods to collect data of learners’ self-explanation, such as think aloud method or written self-explanations. By doing so, we could
have a clearer idea of learners’ inner mechanism in a multimedia environment augmented with an animated agent.

We need to note that the animated agent used in the current study is a human female character coupled with human female voice
recordings. The study conducted by Lattner, Meyer, and Friederici (2005) indicated that learners preferred a female voice to a male voice,
whereas Harrison and Atkinson (2009) found no impact of the agent’s gender on learning. Thus, it is possible that an animated pedagogical
agent’s gender may have differential impacts on learners. Moreover, an agent’s degree of anthropomorphism may impact its effectiveness in
supporting learning. In future research, we intended to investigate whether we see the same interaction effect between agent and feedback
when a human male character or a non-human cartoon character provides elaborate verbal feedback.

We also found that learners spent equivalent amount of time learning the content in the environment, regardless of the type of
feedback provided or the presence/absence of the agent. Taking into account that there was no substantial difference of learning times
across the four conditions, we can conclude that it is not the amount of instructional explanations included in the feedback but the
function of an agent that provides feedback that impact on learning in the multimedia environment. The current findings suggest that
elaborate verbal feedback has the potential to promote learning in the agent-based environment when social cues are maximally pro-
vided—the presence of an animated agent plus verbal narration. Additionally, it is worth noting that participants presented with an agent
that provided simple narration performed descriptively lower on the learning measure than their counterparts in the two non-agent
conditions (no-agent plus simple feedback, no-agent plus elaborate feedback). This suggests that when the agent in our study pro-
vided simple feedback it was a detriment to learning. If we consider this finding in light of both the social agency theory and cognitive
load theory, perhaps when an agent does not behave as a learner expects (offering useful explanations to promote learning), learners
experience are less likely to adopt the cooperation principle, thereby limiting the degree to which they immerse themselves into the
computer-based environment and learning process.

6. Conclusion

The results of the study indicate that an animated agent’s ability to foster learning when deployed in a computer-based multimedia
learning environment is moderated by instructional components, specifically the type of verbal feedback that an agent delivers. This study
supports the idea that different types of verbal feedback may moderate the effect of the presence of an animated agent (image effect). It also
suggests that when a computer-based multimedia learning environment is complemented by an animated agent for college students to
obtain knowledge or skills in a certain domain, instructional designers should consider incorporating an agent that can optimally provide
verbal social cues, such as elaborate feedback.
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