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1. Introduction whether an agent can enhance motivation and learning in a print
tutorial.

Can an agent boost motivation and increase learning when stu-
dents learn from a software guide? This study examines that ques-
tion in a situation in which a print tutorial instructed elementary
school students about Microsoft Word’s formatting options. In
the control condition students worked with a tutorial without an
agent. In the experimental condition they received the same tuto-
rial with a motivating agent added.

The agent was displayed as an annotated photograph of a young
male (Max) who was the same age as the students. Max was intro-

duced as a co-student. Max plays the role of motivator. Throughout the educational technology wizard, Chris, in the study by Baylor

the tutorial Max sides with the students, conveying written mes- and Ryu (2003) and Joe, an AutoTutor in the study by Graesser
sages that highlight the relevance of an activity for students and and McNamara (2010). ’

stimulate their confidence in their abilities to overcome obstacles.
The underlying idea of the study is that the agent raises students’
motivation during training and thereby stimulates their active
engagement with the tutorial, which increases learning.

Our inspiration for Max came from studies that have included
Animated Pedagogical Agents (APAs) to motivate users in virtual
(computer-based) environments. We therefore begin this paper
with a summary on the designs and effects of such APAs. Next,
we introduce the agents that we found used in software manuals.
Thereafter, we describe Max’s design and discuss the set-up, find-
ings and conclusions from an experiment in which we examine

2. Motivating Animated Pedagogical Agents (APAs)

APAs are fast becoming hugely popular in human-computer
interaction systems. APAs come in different guises, including hu-
mans (e.g., AutoTutor - Graesser & McNamara, 2010), animals
(e.g., Herman the Bug - Moreno, Mayer, Spires, & Lester, 2001),
and inanimate objects (e.g., Microsoft’s Clippy — Haake, 2009).
Fig. 1 displays, from left to right, Clippy from Microsoft Office,

An important stimulus for the development of APAs is that they
can humanize the user experience. Some of the first APAs were
introduced into virtual environments specifically for that purpose.
To make users’ interactions with the environment more life-like,
considerable design efforts went into creating a likeable, intelli-
gent, credible, and trustworthy APA.

Empirical studies have examined the claim that the presence of
an APA primes a social interaction schema that positively influ-
ences the user’s appraisal of the system, an effect variously labeled
as social cue, social agency, social presence or persona effect
(henceforth simply the persona effect) (e.g., André, Miiller, & Rist,
1996; Atkinson, Mayer, & Merrill, 2005; Bates, 1994; Cassell,
2000; Choi & Clark, 2006; Lester et al., 1997; Moreno et al., 2001;
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)
A Microsoft Word

Do you want to save the changes you
made to Document1?

Hes! No Cancel

The concept of supply and
demand is not being made real to
the students. Perhaps itneeds tg
be presented more realistically so
thatthey can identify itin their own
lives.

Fig. 1. Three APA-variants.

the persona effect, by and large. When an APA is present, the vir-
tual environment is often seen as more entertaining and enjoyable.
Granted that the presence of an APA can make the student’s expe-
rience of the virtual environment more life-like, what more can be
done to enhance student motivation (and learning)? Only a few
empirical studies on APAs have addressed this issue. Below we dis-
cuss these studies, focusing on those manipulations that directly
addressed the motivational qualities of the APA, and on the mea-
sures of student motivation and learning used.

Moreno and Mayer (2004) examined whether the delivery
mode and communicative style of the APA (an insect called Her-
man the Bug) affected college students’ motivation and learning
of botany. Delivery mode was either low or high immersion. In
low immersion mode participants worked with a desktop com-
puter. In high immersion mode a head-mounted display pro-
vided visual information that changed each time the
participant moved in any way. The idea was that a higher
immersion would lead to a greater sense of physical and social
presence, and hence to less perceived difficulty of the material
and deeper learning. One communicative style was non-person-
alized formal speech. When using this style, the APA addressed
the users in a neutral, third-person format. The other communi-
cative style was personalized; the APA used informal, conversa-
tional messages incorporating “I” and “you” when
communicating with the user. The idea was that the personal-
ized APA would be more successful than the non-personalized
APA in creating a sense of social presence and relationship that
should affect motivation and learning. That is, the students
should perceive the material as easier and requiring less cogni-
tive effort, and learn more.

The study was set up as a factorial design with four conditions:
delivery mode (low versus high immersion) and communicative
style (non-personalized versus personalized speech). The 48 par-
ticipants in the study were randomly distributed over conditions.
Only students with low scores for experience with botany (self-rat-
ings) were included. The dependent variable for student motiva-
tion was a difficulty scale. Students were asked to rate difficulty
and cognitive effort (“How difficult was the material?” and “How
much effort was required to learn the material?”) on a 10-point
Likert scale, with higher scores indicating greater difficulty/effort.
Learning was assessed with a retention test and a transfer test.
The retention test consisted of three questions about types of ob-
jects discussed in the program (e.g., “Please write down all the
types of roots that you can remember from the lesson”). The trans-
fer test presented seven problems for students to solve. These
problems asked students either to design a plant that could live
in a specific environment (e.g., low sunlight, high temperature),
or to identify the type of environment in which a given plant would
flourish. The final question for both problem types asked students

to justify their answer (“Why do you think the plant will survive/
flourish in this environment?”).

There was no support for the hypothesis that a higher immer-
sion would affect the scores for difficulty/effort and learning. Also,
no interaction effects were found. With regard to communicative
style, the prediction was confirmed that personalized messages
would reduce perceived difficulty (p = 0.05, d = 0.67). In addition,
there was a significant effect of personalization on learning, for
both retention (p=0.002, d=0.77), and transfer (p=0.0001,
d=1.64).

Baylor, Shen, and Warren (2004) examined the influence of
motivational messages and emotional support from a male APA
on 67 college students who were learning about word problems
in math. The motivational messages were briefly described as con-
sisting of five types: verbal suggestions (e.g., “Try to repeat the four
concepts in your mind: principal, rate, time and interest”), affilia-
tion (e.g., “I'll be with you all the way”), positive feedback (e.g.,
“So far you're doing great”), self-efficacy (e.g., “Just keep on trying.
You can do it”), and emotional support (e.g., “Don’t panic. Just take
it easy and listen closely”). Emotional support was provided via fa-
cial expression and vocal tone quality, and was characterized as
either positive or evasive.

The study was set up as a factorial design with four conditions:
With or without motivational message, and with positive or eva-
sive emotional support. The dependent variable for student moti-
vation, self-efficacy, was measured with the domain-specific
question, “How sure are you that you can correctly solve a percent-
age word problem?”. To assess learning, an open-ended question
asked participants to solve a (new) percentage word problem.
The answers to both questions were scored on a 5-point Likert
scale, with higher scores indicating stronger self-efficacy or a bet-
ter solution.

Significant increases in students’ self-efficacy were found when
students received positive emotional expressions and when moti-
vating messages were present, with all comparisons yielding a p
value <.001 and effect sizes of d=0.82 or higher. Condition did
not affect learning outcomes.

Arroyo and her colleagues have conducted several studies
examining the influence of APAs on students’ motivation and
learning in an intelligent tutoring system on geometry problems.
Arroyo, Woolf, Royer, and Tai (2009) designed a motivating APA
that gave students feedback after they completed a math problem,
and tested its effects in two consecutive studies. Following recom-
mendations from Dweck (2007), the APA’s messages disregarded
success and valued effort. For instance, if a problem had been
solved correctly but the student had put in low effort, the APA
would react with a message like “That was good, however, | prefer
harder questions so that we learn from the help that the computer
gives, even if we get them wrong”. And for a high-effort correct
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answer the APA might react with “Hey, congratulations. Your effort
paid off, you got it right”.

Study 1 included 38 high school students, with approximately
equal numbers of male and female participants. There were three
conditions: a male APA, a female APA, or no APA. Motivational
measures came from repeated answers to a question about self-
efficacy, task relevance, frustration or excitement. That is, every
5 min during training and after completing a problem the student
would be asked the question “How confident, interested, frus-
trated, or excited do you feel right now?”. Answers were scored
on a 5-point Likert scale. Effort was assessed with a user model.
That is, the degree of effort a student invested in solving a specific
math problem was compared to what was expected for that math
problem on the basis of thousands of past student interactions
with it. Mainly the student’s time per action was assessed (Arroyo
et al., 2010). No details about the mathematics tests were provided.
No significant effects for the presence of the APA on motivation or
learning were found.

Study 2, which included 29 undergraduate female students,
examined the impact of APA gender on student motivation and
learning. Students were randomly assigned to Jake, the male APA,
or Jane, the female APA. Students’ self-efficacy, task relevance
and math performance were measured before and after training
(no details provided). Just as in study 1, there were also repeated
motivational measures during training. For the measured during
training, a significant difference was found only for excitement,
with the male APA yielding higher scores (p < 0.01, d = 0.68). A sig-
nificant effect of APA gender was found on self-efficacy gain
(p<0.02, d=0.99). Female students who worked with the male
APA had higher self-efficacy gains (post-pre). The male APA tended
to lead to higher learning gains (p = 0.058).

In later work, Arroyo and her colleagues (Arroyo, Woolf, Cooper,
Burleson, & Muldner, 2011) again studied the effects of an APA on
student motivation and learning in an intelligent tutoring system
on geometry problems. In this study the APA’s messages were
based on Weiner’s attribution theory, and a distinction was made
between “attribution training” and “effort-affirmation”. The inter-
ventions were linked with the stage of problem solving. Attribution
training messages were given only before students started on a
task. Messages of this type tried to address students’ beliefs about
why they may succeed or fail at tasks (e.g., “Keep in mind that
when we are struggling with a new skill we are learning and
becoming smarter!”, and “We will learn new skills only if we are
persistent. If we are very stuck, let’s call the teacher, or ask for a
hint from Wayang!”). Effort-affirmation messages appeared only
after students had correctly solved a math problem. These
messages acknowledged and might praise a correct solution (e.g.,
“That was too easy for you. Let’s hope the next one is more chal-
lenging so that we can learn something”, and “Good job! See
how taking your time to work through these questions can make
you get the right answer?*). In addition, the APA might prompt
students to reflect on their problem-solving strategies after they
gave an answer (e.g., “Are we using the correct strategy to solve
this? What are the different steps we have to carry out to solve
this one?”).

Participants were 108 high school students. There were three
conditions: a male APA, a female APA, or no APA. Motivational
measures came from a pre-training questionnaire with three ques-
tions about self-efficacy (e.g., students were asked to compare their
math ability to that of other students, and to compare mathematics
to other subjects) and three questions about task relevance that
asked whether students liked or valued math. Every 5 min during
training and after finishing a problem the student would be asked
“How confident, interested, frustrated, or excited do you feel right
now?”. Answers were scored on a 5-point Likert scale. No details
about the mathematics tests were provided.

The presence of an APA significantly affected the students’ math
interest during training (p < 0.05). In addition, there was a signifi-
cant effect of the APA on math confidence during training which
varied by the gender of the participants. That is, the APA improved
the confidence of the female participants, but not the males
(p <0.01). The presence of the APA also significantly reduced the
students’ frustration during training (p <0.01). This effect was
especially strong for female students (p < 0.005). Significant effects
of the female APA were found on task relevance gain (post-pre,
p<0.05) and self-efficacy gain (post-pre, p <0.05). No effect of
the APA on learning was found.

These studies reveal that the design of APAs that seek to address
student self-appraisals of motivation, rather than appraisals of the
APA or system, is oriented more toward what Moreno (2005) calls
the internal properties of the APA. In her review on APAs, Moreno
concluded that effects on student motivation and learning are
more likely to be due to internal properties of the agents, such as
their content, than to external properties such as their visual and
auditory features. A further noteworthy feature of the studies by
Arroyo et al. (2009, 2011) is that a motivational theory was used
to design the APA.

3. Motivating agents in software tutorials

Software tutorials have rarely employed agents to motivate the
reader. A longstanding exception is the series of manuals known as
“For Dummies” books (see www.dummies.com). A unique feature
of these manuals is the foregrounding of the author as agent. The
author explicitly and regularly steps forward with meta-comments
to the readers about their learning experience.

Humor is a key feature of this agent’s talk. More importantly,
the “For Dummies” writer regularly addresses reader motivation
directly with comments such as “Congratulations, now let the
champagne bubble”, “This tip is wonderful”, and “Have fun”. In
addition, the agent frequently acknowledges frustrations and
uncertainties that may arise in software training. In combination
with humor, this leads to comments such as “A tranquillizer is op-
tional in this section”, “Unfortunately WinWord has no easy com-
mand for this”, “You don’t like it? Click the Undo button to return
to your original headache”, and “To assist you in giving a text the
right margins WinWord comes to save you” (Gookin, 1994). None
of these comments is accompanied by an image of the agent, how-
ever. Only the author’s voice comes through in these written
messages.

Motivating agents also feature in Field’s (2005) print tutorial on
SPSS, a software program for conducting statistical analyses. This
tutorial features six different agents. Besides functioning as enter-
tainment, each agent fulfills a specific cognitive or affective role.
Among others, the tutorial features Smart Alec - a know-it-all
guy who helps when things get difficult, Curious Cat - whose main
role is that of looking cute and making bad cat-related jokes, and
Brian Haemorrhage - who asks questions constantly and who be-
comes more despondent as the book progresses (see Fig. 2). Humor
is again a corollary feature in the attempted solution or mediation
of obstacles for the reader by these agents.

Does the presence of these agents positively contribute to user
motivation and learning from these tutorials? Although these are
hugely successful user guides, little is known about the effects of
the presence of agents on the user. More generally, little is known
about the effects of motivating agents in software tutorials. Only
three empirical studies have been published.

One study (van der Meij, 2008) investigated whether secondary
school students’ motivation and learning would improve with the
presence of a female agent in a tutorial on Microsoft Word’s for-
matting options. The agent’s messages revolved around issues of
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Fig. 2. Three Agents in Andy Fields’ Discovering Statistics Using SPSS (2009). From left to right: Smart Alec, Curious Cat and Brian Haemorrhage.

motivation and cognition. The messages always addressed task rel-
evance (e.g., “Oh yes. How funny. That’s handy”), or user confi-
dence (e.g., “I can remember this”). In addition, she expressed
important thought processes (e.g., “Just one word? All one by
one?”), feelings (e.g., “Cool”, “Careful”, “... awful ...”), or a combi-
nation of the two. No effects of the agent on motivation or learning
were found.

In a follow-up study (van der Meij, Op de Weegh, & Weber,
2009), extensive efforts were made to improve the design of the
motivational agent. An experiment then compared the influence
of three agent conditions (i.e., cognitive, motivational or mixed)
with that of a non-agent condition. Just as before, the study in-
cluded secondary school students and the tutorial dealt with
Microsoft Word’s formatting options. The study revealed that,
compared to the cognitive and non-agent condition, the motiva-
tional and mixed agent conditions led to significantly higher scores
on motivation-related measures of mood and adoption of pre-
scribed methods during training. In addition, students in these
conditions also scored significantly higher on appraisals of task rel-
evance and self-efficacy after training. Performance measures indi-
cated that conditions did not differ on immediate posttest scores,
but on a retention test the motivational and control conditions
had significantly higher scores than the other conditions.

The third study (van der Meij, 2012) examined Clark and Choi’s
(2005) claim that an agent can tax the user beyond a level that is
functional. Their argument is that an agent who supplements the
instructions poses an additional burden on the user’s processing
capacities that can be detrimental. In other words, for some audi-
ences the agent’s messages may actually be harmful rather than
beneficial. This issue was examined in a study in which elementary
school students with extremely low reading skill were asked to
process a tutorial with or without a motivating agent. The findings
in this experiment were nearly the exact opposite of those of the
earlier study by van der Meij et al. (2009). That is, student motiva-
tion increased significantly more in the control than in the agent
condition. In addition, whereas no difference between conditions
was found on the posttest, the control condition performed signif-
icantly better on the retention test.

4. Design of the motivating agent for the software tutorial

The present study follows along the lines of the study by van
der Meij et al. (2009). In this case a regular elementary school audi-
ence forms the target population for a tutorial on Microsoft Word’s
formatting options. As with the agent created by Arroyo et al.
(2011), the design of the agent was based on a motivational theory.
However, the agent’s design was based on expectancy-value rather
than attribution theory, for two reasons.

One reason is that expectancy-value theory (Eccles & Wigfield,
2002) has “some of the strongest empirical support in educational
settings” (Pintrich & Schunk, 2002, p. 89). Expectancy-value theory
indicates that student motivation derives from a combination of

expectancies for success and valuation of success. Self-efficacy
and task relevance are seen as key constructs for the first and sec-
ond component, respectively. Self-efficacy refers to students’ belief
in their capacity to succeed for specific tasks (Bandura, 1997). Task
relevance has to do with incentives or reasons for task
engagement.

Another reason is that an instructional theory with a proven
track record exists that describes how to design the agent’s mes-
sages for task relevance and self-efficacy. Keller's ARCS-model
(1987, 2010) includes four conceptual categories, namely Atten-
tion, Relevance, Confidence and Satisfaction, that subsume many
facets of motivation. The agent we designed concentrates on the
relevance and confidence components of this model, because
their design guidelines address appraisals of task relevance and
self-efficacy.

The actual design of the agent in our study was based on the de-
sign guidelines from the ARCS-model (Keller, 1987, 1999, 2010;
Keller & Kopp, 1987). This model offers extensive advice on how
to enhance students’ perceptions of task relevance and self-effi-
cacy. Various empirical studies, none including agents, have sub-
stantiated its effectiveness (e.g., Feng & Tuan, 2005; Huett,
Kalinowski, Moller, & Huett, 2008; Keller & Suzuki, 2004; Loorbach,
Karreman, & Steehouder, 2007; Loorbach, Steehouder, & Taal,
2006; Song & Keller, 2001). Table 1 describes the strategies for
the two motivational concepts on which the agent focuses and
illustrates the messages the agent conveys to the students.

5. Research questions

Two conditions were compared. In the control condition stu-
dents worked with a tutorial without an agent. In the agent condi-
tion, a motivational agent was added to the tutorial. Table 2
summarizes the dependent variables that are measured in the
study. Below we detail our five research questions.

(1) Does condition affect training time? Training time may be
influenced by how engaging each condition is, or the extent
or difficulty of the learning material. If one condition leads
to higher learning outcomes but takes longer, it is possible
that this is due to time-on-task rather than to differences in
instructional effectiveness. The tested prediction is that there
are no significant differences between conditions for training
time.

(2) Does condition affect motivational and functional states dur-
ing training? According to the cognitive-motivational pro-
cess model (Vollmeyer & Rheinberg, 1999, 2006),
motivational and functional states are important mediators
of the influence of initial motivation on learning (compare
Lau & Roeser, 2002). A motivational state is a monitor of
the fun, fear, frustration and similar feelings that students
may experience during training. In this study we look at
mood and worries as measures of motivational state. Mood
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Table 1

An illustration of the agent’s messages for the various strategies that the ARCS-model proposes to enhance students’ appraisals of task relevance and self-efficacy.

Motivational
concept

Strategy

[llustrative agent message

Goal orientation
(How can the current task be made valuable and stimulating for the
student?)

Task relevance

Motive matching
(How does this task fit the students’ needs?)

Familiarity
(How can the task be tied to the students’ experiences?)

Self-efficacy Learning requirements

(How can the agent build positive expectations for success?)

Personal control
(How can the agent convince students that their success is based on
ability and effort?)

Success opportunities
(How can the agent support or enhance students’ belief in their
competence?)

“Do I recognize this? Yes. This is a very annoying problem.”
“If this works I can use it. Very handy for reports and the like.”

“I dearly want to learn how to present a text nicely on paper.”
“I always mess around with Tab. [ know that that isn’t right. But how is it
done properly?”

“This is also how I often see it.”
“... the ruler? I always mess around with the TAB-key.”

“Not a problem. I just have to choose the right buttons.”
“This is easy.”

“Oops that’s tough. I must pay attention.”
“If I can do one, I can also do the other.”

“Great. I can now adjust margins just as [ want to.”
“Gotcha. I did it. Now move on.”

Table 2
Overview of the measurement instruments and dependent variables in the study.

When measured Instrument

Dependent variable

Before training General Initial Motivation Questionnaire (GIMQ)
Aim: To assess initial, general appraisals of motivation

Specific Initial Motivation Questionnaire (SIMQ)

General motivational appraisals
e Probability of success

e Anxiety

e Interest

e Challenge

Specific motivational appraisals

Aim: To assess initial, task-specific appraisals of experience and motivation for each of five main tasks e Task experience

Pretest
Aim: To assess task-specific prior skill for each of five main tasks

During training Mood indicator (MI)
Aim: To assess mood states after completion of each of two chapters

Flow and Worry Questionnaire (FWQ)

e Task relevance
o Self-efficacy

Domain knowledge
e Prior skill

Motivational state appraisal (mood valuation)
e Positive, neutral, negative

Motivational state appraisal

Aim: To assess motivational and functional states after completing each of five main tasks e Worries
Functional state appraisal
e Flow
Task Performance Indicator (TPI) Training performance
Aim: To assess training time and success on instructed tasks (5) and exercises (2) e Success on task instructions

Time
Aim: To assess training time

After training  Specific Final Motivation Questionnaire (SFMQ)

Aim: To assess final, task-specific appraisals of motivation

Agent Appraisal Questionnaire (AAQ)

e Success on exercises

Training duration
e Time

Specific motivational appraisals
e Task relevance
o Self-efficacy

Agent appraisal

Aim: To assess the attention paid to the agent and the perceived credibility of the agent e Agent reading frequency

Posttest (Post)

e Agent credibility

Domain knowledge

Aim: To assess task-specific skills for five instructed tasks immediately after training e Post skill

Retention test (Ret)
Aim: To assess retention of task-specific skills 3 weeks after training

Domain knowledge
e Retained skill

reflects the students’ emotional state at a particular
moment. Worries can be defined as their state of anxiety
during training. Functional states refer to the students’ con-
centration and task engagement during training. This study
examines flow as a measure of functional state. Flow refers
to completely focused motivation. It is a pleasant state of
concentration and effort during task performance

(Csiksczentmihalyi, 1975, 1991). The tested prediction is
that the agent condition yields more positive moods, less
worries and more flow.

(3) Does condition affect task performance during training?

Motivation influences goal setting, goal choice, task engage-
ment, systematicity of effort and persistence (e.g., Britner,
2008; Caprara et al., 2008; Lau & Roeser, 2002; Vollmeyer
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& Rheinberg, 2006). These activities contribute to the effort
that students spend on processing the tutorial. Both condi-
tions were expected to experience considerable success on
the main tasks in the tutorial. The tested prediction is that
the agent condition yields higher scores for success on task
instructions and exercises.

(4) Does gender affect agent reading frequency and credibility?
After training is completed students in the agent condition
are asked to rate agent reading frequency and to give an
appraisal of the credibility of the agent. Both boys and girls
were expected to attend to a larger percentage of the agent’s
messages and to find these messages credible. The tested
prediction is that boys give higher ratings than girls because
of the greater model-target similarity (Bandura, 1997).

(5) Does condition affect motivational gains? Several researchers
have argued that motivation is best measured in a task-spe-
cific way (e.g., Bandura, 2012; Boekaerts & Corno, 2005). This
study assesses specific motivation before and after training.
Each assessment revolved around the two key constructs
from expectancy-value theory (Eccles & Wigfield, 2002),
namely, perceptions of task relevance and self efficacy. Both
conditions were expected to show substantial motivational
gains on these constructs (pre-post). The tested prediction
is that the agent condition yields higher motivational gains.

(6) Does condition affect learning gains? To assess learning, the
students were asked to complete the five formatting tasks
from the tutorial without having it available for reference.
Skills measures were taken before and after training. Both
conditions were expected to show substantial learning gains
(pre-post, and pre-retention). The tested prediction is that
the agent condition yields higher learning gains.

6. Method
6.1. Participants

The participants were 50 students from the fifth-grade and
sixth-grade classrooms of an elementary school. The group con-
sisted of 29 boys and 21 girls, with a mean age of 11 years and
3 months. Participants could perform basic tasks in Word, but gen-
erally failed in handling the formatting options discussed in the
manual. Participants were randomly assigned to conditions, with
stratification for gender and classroom. One student was dropped
from the analyses because he fell ill during training.

6.2. Instruments

6.2.1. Design of the tutorial

The control and experimental tutorial are identical apart from
the presence of the agent. The tutorial is presented as a printed
booklet with a leaflet binder. The tutorial discusses several text for-
matting options for Microsoft Word. Students from the target audi-
ence generally do not know how to use these options to improve
the presentation of their school reports. Chapter one (7 pages,
questionnaires excluded) revolves around adjusting the margins
for a complete text. Chapter two (10 pages) discusses the format-
ting of paragraphs, citations and enumerations. Both chapters in-
struct students to use the ruler for these formatting options.
Topics are presented in a simple-to-complex order. This design
principle is most clearly evident in the positioning of the (simpler)
instructions for handling the right margin before the (more com-
plex) instructions for handling the left margin.

Pilot tests revealed that a training time of 70 min should enable
all students to complete these chapters. The tutorial also contains a
third chapter that deals with the construction of an automatically
generated table of content. The chapter was added to accommo-

date fast students. It did not involve the use of the ruler and there-
fore was expected not to interfere with the findings for the first
two chapters on which we restrict all discussion.

The general design of the manual is based on the minimalist ap-
proach, meaning that: (a) the manual is action-oriented, (b) tasks
are anchored in the domain of formatting a school report, (c) there
is information to prevent errors, and (d) all major information
types (e.g., goals, actions, feedback, error) have their own, unique
presentation format (see van der Meij & Carroll, 1998). Three spe-
cific design features should be further mentioned.

One, each chapter begins with a 1-page overview in which the
main concept is defined, and a relevance organizer describes and
depicts ‘before’ and ‘after’ states for the formatting options dis-
cussed in the chapter. The organizers have a motivating purpose;
they aim to ‘sell’ the goal (van der Meij & Gellevij, 2004).

Two, in line with the findings from Moreno and Mayer (2004), a
more personal style of communication is used in the tutorial than
is usually the case. Actions are described in personalized form
(“You click ...”) rather than in the more customary commanding
and non-personalized style (“Click ....”). The personalization also
aligns well with the messages from the agent in the experimental
tutorial.

Three, each chapter is rounded off with an exercise. These exer-
cises should help augment the learning effect of the task instruc-
tions. The exercises in the tutorial extend the one-shot
experience of following task instructions. Each exercise includes
the same tasks as in the instructions. That is, the exercise in chap-
ter 1 asks the students to modify the left and right margins of a
text, and the exercise in chapter 2 asks students to format the para-
graphs, a citation and an enumeration in a text. Exercises employ
different texts than used in the instruction, and they give informa-
tion about related goals, but not about the specific means for
achieving these. Thus, they stimulate the user to engage in further
practice that is important for learning. Minimalism advocates the
use of ‘on your own’ sections for this purpose, but empirical studies
show that exercises induce more compliance and also have a stron-
ger impact on learning (Glasbeek, 2004; Wiedenbeck, Zavala, & Na-
wyn, 2000).

6.2.2. Design of the agent

Max first makes his appearance in the introduction, where he
presents himself as someone who is in a comparable situation to
the reader: a student from the upper grades of elementary school
who needs to hand in nicely formatted reports, which he finds dif-
ficult to achieve (see Fig. 3).

Thereafter, Max always appears at every introduction of a new
task, shows up about once after each three action steps, and in all
exercises. In all, Max is displayed 20 times in the tutorial. Follow-
ing Brave, Nass, and Hutchinson (2005), Max is always presented in
writing as well as visually in the form of a photo. Except for the
introduction, the visual is always a close-up of his face (see Fig. 4).

To make Max a convincing model, and also to strengthen posi-
tive or moderate negative motivational states of the students, his
messages also convey a broad range of emotions and feelings
(Baylor & Kim, 2004; Clore & Palmer, 2009; Dehn & Van Mulken,
2000). This was done through the additional inclusion of
motivational words and comments. Thus, Max occasionally refers
to his affect states and frames of minds with inserted adverbs
and adjectives (e.g., “Cool”, “Careful”, “... awful ...”) and in
separate sentences (e.g., ‘What a nuisance’, ‘I am curious’) that
are occasionally strengthened with exclamation marks
(‘Wonderful I’, ‘Did it right !'11").

To find the proper tone of voice, expression, and word choice for
Max we conducted a pilot study in which students were asked to
think-aloud. These protocols and an inspection of popular youth
magazines assisted us in making Max a life-like agent who might
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Introduction

Hello, | am Max. | am in group 8 and | am 12
years old. | Ike to pay the guitar, soccer and
tennis. | regularly have to write school reports. |
like to do that on the computer. | enjoy working
with the computer. | also think it is handy when
you want to illustrate your report with pictures.
Then it also looks much nicer.

But working on the computer is not always easy.
Sometimes the text is too wide and does not fit
nicely into my page borders. Also, | find it difficult
to make a table of contents.

My teachers want me to hand in a clean-looking
report. | also get a better grade then. My teacher
says that it is very easy to do in Word. You merely
need to get to know these facts. This tutorial can help us.

| am curious to find out about the tutorial's
content. For now it will take some time to go
through it. | hope that it will help me in making
school reports that look nice.

Fig. 3. The introduction of the motivating agent Max.

2 YoualsopresstheAIt—keyu T R e
= T W Y 2.7 LR Wi 0 D% rm el
and you keep it pressed. R o el wmail i =h
The ruler changes. You cansee H
figures. These help you in setting Soumam
the margins precisely where you !

want these.

3. You drag the margin to about 2,5
centimeters.

4. Yourelease the Alt-key L ! andthe | [ oo
left mouse button. B

Yes! it worked! | can
now make the
margins as wide as |
want to. Special. | did
not know this.

Fig. 4. Task instructions supplemented with an image of and message from Max.
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Question 1

* Pleaselook at the “Before” image
You wantto give it more space at the left.
Please look at the “After” image

L

De vos on de raal

After

a
Fill in: How often do you face this task ?
Never I I Always
b
Fill in: How often would you like to accomplish this task?
Never I I Always
C
Fill in: How well do you think you can accomplish this task?
Poorly I i Well
d

1. Openthe file “The fox andthe raven
Move the left margin

Save the document

R ORI

Please keep the document open

Fig. 5. An item from the Specific Initial Motivation Questionnaire and Pretest (section d).

appeal to the target audience. Fig. 5 illustrates how Max is pre-
sented alongside the task instructions in the tutorial.

The presence and nature of Max’s task relevance messages vary
depending on the task or situation. His self-efficacy messages show
a growing belief in capacity within and across tasks; Max expresses
stronger beliefs in competence and positive outcomes as task exe-
cution progresses.

6.2.3. Measurement instruments before training

6.2.3.1. General Initial Motivation Questionnaire (GIMQ). The GIMQ
is an adapted version of the QCM from Rheinberg, Vollmeyer,
and Burns (2001), which measures the students’ appraisals of Prob-
ability of success, Anxiety, Interest, and Challenge for a future
undertaking (also see Vollmeyer & Rheinberg, 1999). First, the stu-
dent receives a broad description of the assignment they will be

facing and the support therein. Thus, they are told that they are
going to learn new formatting options from Microsoft Word, and
that they will have to do this on their own using only a tutorial
for support. Next, the GIMQ asks the students for their self-
appraisals for this undertaking. Probability of success refers to
the student’s belief that he or she can succeed (e.g., “I think I can
successfully complete this task”). Anxiety represents the negative
incentive of failure (e.g., “When I think of this task I am worried”).
Interest refers to positive affect and evaluations (e.g., “I like it that
you learn new things with this task”). Challenge assesses whether
the assignment is perceived as an achievement situation in which
the student wants to have success (e.g., “I'm really going to try as
hard as I can on this task”). All constructs are measured with five
questions. [For Interest one question was dropped from the analy-
ses after we found it negatively affected reliability.] Answers are
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given on a 7-point Likert-scale with one end of the extreme de-
scribed as “Does not fit me” and the other as “Fits me”. Reliabilities
for the four constructs were satisfactory: Probability of success
(=0.75), Anxiety (o=0.81), Interest («=0.78), and Challenge
(or=0.71).

6.2.3.2. Specific Initial Motivation Questionnaire (SIMQ). The SIMQ
contains a set of three questions on Experience, Task relevance,
and Self-efficacy (see questions a, b and c in Fig. 5) to which stu-
dents respond in connection with each of the five main tasks in
the tutorial. Students see the task, respond to the initial motivation
questions, and then attempt to complete the task (pretest, question
d). The Experience question asks, “How often do you face this prob-
lem?” The Task relevance question asks, “How often would you
like to solve this problem?” The Self-efficacy question asks, “How
well do you think you can solve this problem?” Answers are given
on an open line in which only the end points are labeled. Students
answer each question by making a cross at what they decide is the
right place on this line. The student’s score is determined by using
a transparent template that divides the line into equal sections, by
which the number (0-7) corresponding to the position of the stu-
dent’s cross can be gauged.

6.2.3.3. Pretest. The pretest is presented as a separate question in
the SIMQ (see the grey box in Fig. 5). The question invites students
to open a file on the computer and to try to complete the given task
in Word. The Pretest awards a score of 0 points for each task that
the student cannot accomplish or for which an incorrect method
is used. A good solution (and method) yields a score of 1. The max-
imum score for the Pretest is 5. Scores are presented as a
percentage.

6.2.4. Measurement instruments during training

6.2.4.1. Mood indicator (MI). Mood states are measured with a set of
five pictograms plus descriptor (see Fig. 6) from which the student
is asked to select the one that best fits his or her current emotional
state (see Read, 2008). Pictograms (a smiley) and text represent the
following moods: happy, certain, neutral, uncertain and angry.
Mood is measured immediately after students have completed an
exercise, which occurs at the end of each chapter (hence: twice).
The MI was presented together with the FWQ on a separate page
that was inserted into the tutorial booklet.

In line with the research of Vollmeyer and Rheinberg (1999,
2006) the analysis of mood concentrated on its valence (i.e., posi-
tive, neutral or negative). Happy and certain are scored as signals
of a positive mood; uncertain and angry are signals of a negative
mood. Scores are presented as a percentage. Thus, a score of, say
50% for Positive mood indicates that the student selected the hap-
py or certain smiley at one of the two measurement points for
mood.

6.2.4.2. Flow and Worry Questionnaire (FWQ). Flow is measured
with an adapted version of the Flow Short Scale (FKS) from Rhein-

berg, Vollmeyer, and Engeser (2003). Eleven items represent the
six characteristics of Flow: (1) challenge-skill balance, (2) merging
of actions and awareness, (3) unambiguous feedback, (4) concen-
tration on the task at hand, (5) time transformation, and (6) fluency
of action. Examples are “I felt pleasantly challenged”, “I had the
feeling that I had everything under control”, “I was completely lost
in thought”, and “The right thoughts came without effort”. Three i-
tems measure Worries, an anxiety-evoking, negative motivational
state (e.g., “I am worried about failing”). Answers are given on a
7-point Likert-scale. Flow and Worries are measured immediately
after a student has completed the instructions for one of the main
tasks in the tutorial. Thus, these constructs were measured five
times during training. Reliability scores for Flow and Worries were
satisfactory at all points (Flow: o = 0.74, 0.72, 0.83, 0.78, 0.81; Wor-
ries: o =0.68, 0.66, 0.67, 0.60, 0.65).

6.2.4.3. Task Performance Indicator (TPI). The TPI indicates how suc-
cessful students were during training. A distinction is made be-
tween success in following task instructions (5) and on exercises
(2). Students’ performances on the training tasks are analyzed by
consulting their practice files. The analysis is the same as for the
pretest. Scores are presented as a percentage.

6.2.4.4. Time. Training time is the total time for processing the first
two chapters from the tutorial. Time records are provided by the
students. Each time the tutorial presents a Questionnaire, the last
question on that page asks students to fill in the time indicated
on their computer clock.

6.2.5. Measurement instruments after training

6.2.5.1. Specific Final Motivation Questionnaire (SFMQ). The SFMQ
contains four task-specific questions about task relevance (“I think
a nice margin is important”) and four task-specific questions about
self-efficacy (e.g., “I can now indent the first line of a paragraph”).
Answers are given on a 7-point Likert-scale. Reliability for each
construct was good (Relevance: o =0.86; Confidence: o =0.88).
[Note: the SFMQ also included questions about attributions for
success. Because the reliability for this construct was too low, these
outcomes are not reported.]

6.2.5.2. Agent Appraisal Questionnaire (AAQ). The first question in
the AAQ assesses the student’s frequency of reading the agent’s
messages (i.e., “How often did you read Max’s comments?”). Then
there are 11 questions about the credibility of the agent (e.g., “Max
said what I was thinking of”, and “I felt just as Max did”). Answers
are scored by drawing a cross somewhere on a continuous line for
which the two extreme positions are described (i.e., ‘completely
agree’ and ‘completely disagree’). The student’s score is measured
by looking at the corresponding number on a transparent template
that divides the line into ten equal sections. The maximum score is
10. Reliability was good (Cronbach o = 0.86).

Certain

Happy

Please Tell: How do you feel after Exercise 1?

Neutral

Uncertain

Angry

Fig. 6. The questionnaire for Mood.
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6.2.5.3. Posttest (Post) and Retention test (Ret). These tests measure
the students’ skill in again accomplishing the five tasks discussed
in the tutorial. They are measured hands-on and without the tuto-
rial available. Students receive a test file whose format they must
modify. Test instructions describe the specific changes that need
to be made and a screen shot shows the intended end result. The
Posttest and Retention test have a different surface appearance,
but share the same underlying structure. Scoring is the same as
for the Pretest.

6.3. Procedure

Two weeks before training students completed the General Ini-
tial Motivation Questionnaire. One week before training they com-
pleted the Specific Initial Motivation Questionnaire and Pretest.
Training sessions took place in a separate room with small groups
of about 10 students at a time. Students were each given a copy of
the tutorial booklet and each worked at a computer on which to
complete the tasks and exercises. Students were instructed to
“read through the entire tutorial booklet, which helps you to for-
mat reports”. They were to work on their own and call on the
experimenter for help only when stuck. While students engaged
in the training, they answered the questions on Mood, Flow, Worry
and Time on the inserted pages in the tutorial booklet. Students
were given a maximum of 70 min to work with the tutorial. Then
a short break of 10 min followed. After the break, all students an-
swered the Specific Final Motivation Questionnaire, and students
in the experimental group also answered the Agent Appraisal
Questionnaire. Next, students were tested for skills development
with the Posttest. Three weeks later they took the Retention test.
Students were allowed a maximum time of 25 min for completion
of each test.

6.4. Data analyses

The study uses a pretest—posttest design with a control and
experimental (agent) condition. Gain scores for task relevance
and self-efficacy are computed by subtracting the SIMQ scores
from the SFMQ values (after-before). Gain scores for posttest skill
and retention test skill are computed by subtracting the pretest
score from the posttest score (post-pre) or retention test score
(ret-pre), respectively.

Before the main research questions were examined, a check on
differences between conditions in initial motivation was done. This
revealed that despite the random distribution there were statisti-
cally significant differences between conditions on Interest and
Challenge from the GIMQ and on Experience from the SIMQ (with
the control group scoring higher). These measures were therefore
entered as covariates in the analyses of variance conducted, and
we report adjusted means and standard error. As the measure for
training time for chapter 1 produced a skewed distribution, the
variance was corrected by applying a logarithmic transformation.
In all analyses, the significance level was set at an o of 0.05
(two-tailed). Trends (0.10<p > 0.05) in the predicted direction
are mentioned. Cohen’s (1988) d-statistic is reported for effect size.
These tend to be qualified as small for d = 0.2, medium for d = 0.5
and large for d = 0.8.

7. Results
7.1. Does condition affect training time?

Students in the agent condition completed training slightly fas-
ter than students in the control condition (see Table 3). However,
conditions did not differ significantly for total training time,
F(1,44) = 1.50, n.s. Detailed analyses revealed that the students in
the agent condition took less time to complete the first chapter
than students in the control condition, F(1,44)=4.29, p =0.04,
d = 0.64. There was no difference between conditions for the sec-
ond chapter, F< 1.

7.2. Does condition affect motivational states during training?

The data show that positive moods were found most frequently,
followed by neutral moods. Negative moods were rather scarce
(see Table 4). Students in the control condition more often indi-
cated being in a positive mood, but this difference was not statis-
tically significant, F(1,44)=1.03, n.s. There was also no
statistically significant difference between conditions for neutral
mood, F <1, or for negative mood, F(1,44) = 1.25, n.s.

The scores for flow were well above the scale midpoint of 3.5,
indicating that the students were absorbed in their activities (see
Table 5). Conditions differed marginally. Students who worked
with the agent tutorial tended to give higher appraisals for flow
than students in the control condition, F(1,44)=3.63, p =0.06.
Exploratory analyses of the relationships between the students’
flow experience and their final performances showed that there
was a significant correlation with the posttest scores (r=0.41,
p <0.00) as well as with the scores on the retention test (r=0.52,
p <0.00).

The scores for worries were well above the scale midpoint of
3.5, which indicates the presence of relatively high anxiety levels
(see Table 5). Conditions did not differ for worries, F < 1.

7.3. Does condition affect task performance during training?

The scores for training tasks indicate that students completed
the majority of training tasks successfully when they had the task
instructions available (see Table 6). There is a considerable drop in
performance success for the exercises. The students must try to
solve these on their own, but they can look back at the instructions
in the tutorial. There is a statistically significant decline in perfor-
mance in both the control condition, t(24) = 7.40, p = 0.00, and in
the agent condition, t(23)=6.11, p = 0.00.

Statistically significant differences were found between condi-
tions on task performance during training. Students who worked
with the agent tutorial were more successful on tasks completed
with instructions than students in the control condition,
F(1,44)=5.00, p = 0.03, d = 0.68. These students also did better on
the exercises, F(1,44)=5.31, p=0.03, d = 0.71.

7.4. Does gender affect agent reading frequency and credibility?

The ratings for reading frequency indicated that students said
they nearly always read the messages from the agent (see Table 7).

Table 3
Adjusted means and standard error for training times by condition.
Condition Training time chapter 1 Training time chapter 2 Total training time
M SE M SE M SE
Control (n =25) 25.60 1.75 27.73 1.85 53.33 2.61
Agent (n =24) 19.96 1.79 28.49 1.89 48.45 2.67
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Table 4 Table 9
Adjusted means (percentages) and standard error for moods by condition. Adjusted means and standard error for self-efficacy by condition.
Condition Mood Condition Self-efficacy before Self-efficacy after Cohen’s d”
Positive Neutral Negative M SE M SE
M SE M SE M SE Control (n =24) 4.64 0.36 5.84 0.20 2.75
Control (n = 25) 60.7 8.8 30.1 76 9.2 6.2 Agent (n=24) 437 0.37 6.27 0.20 2.60
Agent (n =24) 47.1 9.0 33.2 7.8 19.6 6.3 Scale maximum is 7. A higher score indicates higher appraisal.
" Effect sizes within condition were computed using unadjusted scores.
Table 5 . . .
Adjusted means and standard error for Flow and Worries by Condition. vance appraisals more than students in the control condition,
Conditi i Worri F(1,43)=3.17, p=0.08.
ondition ow orries . L
S - The gain scores for self-efficacy also indicated that students
M SE M SE raised their confidence ratings substantially teonsor (23)=3.88,
Control (n=25) 4.89 0.15 491 0.24 P =0.00; tygent (23) =4.06, p = 0.00 (see Table 9). Conditions differed
Agent (n =24) 531 0.15 523 0.24

Scale maximum is 7. A higher score indicates higher appraisal.

Table 6
Adjusted means (percentages) and standard error for tasks with instructions and
exercises by condition.

Condition Tasks with instructions Exercises Cohen’s d
M SE M SE

Control (n =25) 67.2 0.5 37.6 0.5 1.18

Agent (n=24) 84.1 0.5 55.2 0.5 1.45

" Effect sizes within condition were computed using unadjusted scores.

Table 7
Adjusted means and standard error for reading frequency and credibility rating of the
agent by gender.

Condition Reading frequency Credibility

M SE M SE
Girls (n=11) 9.42 0.72 4.92 0.46
Boys (n=13) 8.18 0.65 5.73 0.44

Scale maximum is 10. A higher score indicates higher appraisal.

Table 8
Adjusted means and standard error for task relevance by condition.
Condition Task relevance before  Task relevance after  Cohen’s d
M SE M SE
Control (n=24) 3.21 0.36 5.55 0.17 2.71
Agent (n = 24) 2.84 0.37 5.94 0.17 3.11

Scale maximum is 7. A higher score indicates higher appraisal.
" Effect sizes within condition were computed using unadjusted scores.

There was no difference for gender, F(1,19) = 1.44, n.s. One boy
who indicated that he never read any of Max’s messages was ex-
cluded in the assessments for the agent’s credibility ratings. Boys
gave higher credibility ratings for the agent than girls, but the dif-
ference was not statistically significant, F(1,18) = 2.36, n.s.

7.5. Does condition affect motivational gain?

The gain scores for task relevance indicated that students in
both conditions raised their valuation of the training tasks substan-
tially teonror (23) =4.91, p = 0.00; tagens (23)=7.15, p = 0.00 (see Ta-
ble 8). Conditions differed marginally for this gain. Students who
worked with the agent tutorial tended to increase their task rele-

marginally for this gain too. Students who worked with the agent
tutorial tended to increase their self-efficacy more than students
in the control condition, F(1,43) = 2.99, p = 0.09.

7.6. Does condition affect learning gain?

The gain scores for both the pretest-posttest and the pretest-
retention test comparisons indicated that students in both condi-
tions became substantially more skilled tcongrol; post-pre (24) = 6.96,
p =0.00; togent; post-pre (24) =8.83, p=0.00; teontrol; ret-pre (24) = 6.95,
P =0.00; tagent: ret-pre (24) =9.13, p = 0.00 (see Table 10). In addition,
only a small difference was found between the scores on the post-
test and retention test within conditions (i.e., for the control condi-
tion: t(24) = 1.05, n.s.; for the agent condition: t(23) < 1, n.s.).

Conditions differed significantly in learning gains. Students who
worked with the agent tutorial raised their skill level (post-pre)
more than students in the control condition, F(1,44)=5.39,
p=0.03, d=0.71. These students did also significantly better on
gain score for the pretest-retention test difference,
F(1,44)=12.89, p=0.00, d = 1.09.

Exploratory correlational analyses of the relations between per-
ceptions of task relevance and self-efficacy on the one hand and
performance scores on the other revealed the following outcomes.
Before the training the correlations between initial perceptions of
task relevance and self-efficacy and initial skill were r=0.29,
p=0.04, and r=0.26, p = 0.07, respectively. After training the cor-
relations between the students’ final appraisals for these motiva-
tional constructs and their posttest scores were r=0.26, p = 0.08,
and r=0.31, p = 0.03, respectively. For the retention test these cor-
relations were r=0.44, p < 0.00, and r = 0.45, p < 0.00.

8. Discussion and conclusion

The data indicated that both tutorials substantially influenced
student motivation and learning. Significant and considerable
gains in perceptions of task relevance and self-efficacy were found
in the control as well as the agent conditions. Because these moti-
vational constructs can strongly influence students’ activities dur-
ing instruction and the outcomes thereof (e.g., Bandura, 2012;
Eccles & Wigfield, 2002), this is an important finding. In this re-
spect it is interesting to note that this study also revealed that
the relations between these motivational constructs and the stu-
dents’ skills were (near) significant both at the start and end of
the experiment. Students in both conditions also made significant
and considerable progress in their skills development on the main
tasks of the tutorial.

A further noteworthy finding is that results for both conditions
indicated a significant difference between success on tasks com-
pleted with instructions and exercises during training. Perfor-
mance success on the former was much higher than on the
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Table 10
Adjusted means (in percentages) and standard error for pretest, posttest and
retention by condition.

Condition Pretest Posttest Retention test
M SE M SE M SE

Control (n =25) 10.1 3.1 453 6.9 38.6 5.7

Agent (n =24) 3.6 3.1 60.6 7.1 61.6 5.8

“Effect sizes for learning gains (unadjusted scores) within the control condition
were: d (pre-post) = 1.50; d (pre-ret) = 1.50.

*“Effect sizes for learning gains (unadjusted scores) within the agent condition were:
d (pre-post) = 2.31; d (pre-ret) = 2.53.

latter. Task instructions prescribe all of the step-by-step actions
that need to be performed to achieve task completion. In contrast,
exercises merely provide a problem description and illustrate the
end goal that students should try to achieve. Even with such a dif-
ference in support, the 30% drop is remarkable, because the exer-
cises dealt with problems similar to those discussed in the task
instructions and students could look back to these instructions
for help with a solution.

The experiment supported the general prediction that students
would benefit from the added presence of a motivating agent. The
study gives a positive answer to the question whether an agent can
raise motivation and increase learning when students study a soft-
ware tutorial. But not all predictions were confirmed and not all
findings were equally strong.

On several motivational measures the expected positive influ-
ence of the agent emerged, but differences with the non-agent con-
dition were only marginally statistically significant. Students who
worked with the agent tutorial tended to have somewhat higher
scores for flow during training and they tended to realize some-
what higher motivational gains for appraisals of task relevance
and self-efficacy. These finding are important signals of the influ-
ence of the agent on students’ motivational development during
their learning experience.

The findings for flow signal that the added presence of the agent
did not cause cognitive overload, but rather that it positively af-
fected the students’ motivational state. Flow refers to complete
absorption in an activity; it reflects the level of concentrated effort
that the student experiences. One could also say that students who
are in a flow experience optimal cognitive load. There is a balance
between challenge level and capacity. Students are neither bored
by task requirements that are too low, nor are they taxed by task
demands that are too high for them.

The cognitive-motivational process model from Vollmeyer and
Rheinberg (1999, 2000, 2006) assumes that initial motivation af-
fects strategies and motivation during training which then influ-
ence performance. The students’ functional state during training
is considered one of the mediators for this influence. Vollmeyer
and Imhof (2007) assessed flow as a measure of functional state
in an empirical study where university students learned to use
SPSS, a software program for conducting statistical analyses, and
found a significant relation between flow and performance. The
correlational outcomes found in the present study, even with the
more distant performance on the retention test, align well with
this finding.

While students raised their appraisals for task relevance and
self-efficacy more in the agent than in the control condition, the
data showed that these differences were not statistically signifi-
cant. An explanation for the fact that only a trend was found is that
it may not have been easy to achieve more motivational gains given
that the control tutorial already included several important moti-
vational measures. The inclusion of exercises fits the recommenda-
tion from Keller’'s ARCS-model (1987, 2010) to offer varied learning
experiences that provide students with success opportunities and

enhance their feelings of personal control. Another design feature
that seems particularly relevant for students’ self-efficacy beliefs
is the simple-to-complex sequencing of topics. Two general design
strategies that seem especially relevant for task relevance are the
presence of relevance organizers and the personal form of address.
Relevance organizers inform students about the initial and final
state of the main tasks in the tutorial. Besides being brief, the orga-
nizers also visualize the before and after states. These concrete dis-
plays were expected to strongly appeal to the students’ sense of
task value for the formatting option that were discussed. The re-
search from Moreno and Mayer (2004) indicated that students’
perceived task relevance might benefit from the more personal
form of address that was adopted in the tutorial.

On the skills measures the positive influence of the agent was
unequivocal. In the agent condition students improved their skill
levels significantly more than in the control condition. Student in
both conditions started with (very) low skill levels, but students
in the agent condition did much better even for task performance
during training. These students scored almost 20% higher for the
tasks completed with instructions as well as the exercises. A strik-
ing difference between conditions was also observed for the reten-
tion test, on which students in the agent condition scored almost
25% higher than students in the control condition. We have no
ready explanation for why students in the agent condition were
better able to maintain their skill level over time (i.e., from posttest
to retention test) while that of the students in the control condi-
tions dropped. It is possible that the higher scores on the exercises
signal better learning during training and therefore partly account
for this difference.

In conclusion, the question arises whether research on APAs can
benefit from the insights offered in this study. We believe it can. In
our view, the motivational design strategies that were employed
are just as meaningful for designing the voice of an APA as they
were for crafting the written messages of our agent.
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