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Abstract. We report the results of a randomized controlled evaluation of the 
effectiveness of pedagogical agents as providers of affective feedback. These 
digital learning companions were embedded in an intelligent tutoring system for 
mathematics, and were used by approximately one hundred students in two 
public high schools. Students in the control group did not receive the learning 
companions. Results indicate that low-achieving students—one third of whom 
have learning disabilities—had higher affective needs than their higher-
achieving peers; they initially considered math problem-solving more 
frustrating, less exciting, and felt more anxious when solving math problems. 
However, after they interacted with affective pedagogical agents, low-achieving 
students improved their affective outcomes, e.g., reported reduced frustration 
and anxiety. 
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1   Introduction 

Effective teachers regularly address students’ emotional states and social 
backgrounds [1]. If tutoring systems are to interact naturally and supportively with 
students, they need to provide an environment that recognizes affect and expresses 
socio-emotional competence to address affective challenges and fluctuations in 
individual affective states. In recent years, researchers have made significant 
improvements in modeling students’ affect [2, 3, 4, 19]. While progress has been 
made, very little empirical research has been conducted on how digital learning 
environments should respond to individual students’ affect and how differences 
among students impact this process; yet for exceptions, see [5, 6]. 

Within digital learning environments, animated pedagogical characters have the 
potential to support students by engaging them through social interaction. Up until 
now, the use of pedagogical agents has mainly focused on the cognitive rather than 
affective aspects of learning [7]. While some effort has been made to create affective 
agents [8, 9], evaluation of their impact in schools is still preliminary.  



 

Here, we report on an evaluation of 
pedagogical agents with about 100 
students in two rural, public high 
schools in the northeastern U.S. We 
focus on the impact of affective 
learning companions on low achieving 
students (including ones with 
disabilities) and begin with a 
description of how such students need 
affective support when learning math. 
We then describe the test bed tutoring 
system, the learning companions, and 
the experiments. We present the 
results and conclude with a discussion 
of implications for intelligent tutoring 
systems. 

2 Learning Disability and Low Achieving Students: Affective Needs 

Classroom interventions (e.g., providing extra time on tasks, peer tutoring) that are 
effective for students with learning disabilities (LD) are difficult or impossible to 
sustain in classrooms without additional instructional support, something that schools 
are increasingly unable to provide due to budgetary constraints. Currently, students 
with learning disabilities who require extra resources comprise 13% percent of 
students in USA and 6.5% of the Massachusetts school population [10,11]. To the 
extent that these students are not being educated to their full potential, there is a large 
negative impact not only in the lives of these students but on society at large. 

The under-achievement of students with LD in math does appear to have a 
biological basis, and there is evidence that many of these students have difficulties 
with working memory, executive 
control and procedural knowledge [12, 
13]. As a result, many students with LD 
may persist in using counting strategies 
(e.g., finger counting) long after their 
typically achieving peers have switched 
to retrieving answers from memory 
[14], taking longer to solve math 
problems and performing poorly in 
math class and high-stake tests [15]. 
Students with LD develop more negative feelings towards math, choose less advanced 
math classes in high school and are later under-prepared for science and math careers. 
LD is a complex multi-factor problem and most educational institutions do not have 
the tools needed to provide cost-effective instruction tailored to each individual. 

Since low achieving students (both with and without disabilities) struggle with 
math, our conjecture was that all low achievers could require additional affective 

 
Fig. 1. The Wayang Tutor with Jane, the 

female affective learning companion. 

 
Fig. 2. Student’s emotion self-reports within 

the tutor 



 

support. Thus, the first goal of the current study was to examine the affective needs of 
both low achieving and learning disability students in our data (15% of subjects). For 
the purpose of this paper we did not separately analyze differences between low-
achieving and learning disability, because as a starting point we wanted to analyze 
what kind of support all low achievers require.  

 
Table 1. Affective self-reports of high-achieving vs. low-achieving students prior to tutoring. 

Affective Criterion 
Means, standard deviations and between-

subjects test  
Low-achieving: N=64; High-achieving: N=43 

Self-concept of math ability 
(in comparison to other students, 

other subjects, 3 items) 

Low-achieving: M=3.2 SD=1.1 
High-achieving: M=4.1 SD=1.0 

***F(106,1)=18.2, p=.000 

How confident do you feel when 
solving math problems?  

Low-achieving: M=3.1 SD=1.3 
High-achieving: M=4.0 SD=1.3 

***F(105,1)=11.5, p=.001 

How frustrating is it to solve math 
problems?  

Low-achieving: M=3.6 SD=1.2 
High-achieving: M=3.0 SD=1.1 

** F(106,1)=7.6, p=.007 

How exciting is it to solve math 
problems? 

Low-achieving: M=2.2 SD=1.2 
High-achieving: M=2.7 SD=1.4 

*F(106,1)=3.64, p=0.05 
 
Data was collected and mean differences analyzed from a series of affective pretest 

questions given to students before tutoring, Table 1. The pretest covered general 
attitudes towards math and learning, such as likes/dislikes of math, how much was 
math valued as important, and how students felt when they solved math problems 
(anxiety, confidence, frustration, boredom, excitement). Low-achieving students were 
defined as those who scored lower than median grade on the math pretest. One third 
of these low-achieving students had been previously diagnosed as having a specific 
learning disability in math or reading and had an Individualized Education Plan (IEP), 
a document that identifies a student's academic, physical, social and emotional needs. 
Most students with IEPs (95%) are part of this low-achieving group. Table 1 shows 
that low-achieving students disliked math more, valued it less, had worse perception 
of their math ability, and reported feeling worse when solving math problems. We 
now present our test bed application, Wayang Outpost. 

 
 

3. The Testbed Tutoring System: Wayang Outpost 

Wayang Outpost (“Wayang”) is an intelligent tutor that helps students prepare for 
standardized tests that assess general mathematic skills, see Figure 1 [17]. Problems 
are presented one at a time; each problem consists of the problem statement with four 
or five solution options directly below it. Students select an answer and the tutor 
provides immediate visual feedback by coloring the answer green or red, for correct 
or incorrect respectively. Prior to or after selecting an answer, a student may ask for a 
hint, which Wayang displays in progression from general suggestions to the correct 
answer. In addition to this domain-based help, Wayang includes a wide range of 



 

meta-cognitive and affective support, delivered by learning companions; agents 
designed to act like peers who care about a student's progress, and offer support and 
advice on how to improve student learning strategies. Wayang includes gendered and 
ethnically different companions allowing us to explore how the gender and the 
ethnicity of the companion influences outcomes (e.g., learning, attitudes) [18]. The 
learning companions’ interventions are tailored to a given student’s needs according 
to Wayang’s affect and effort models embedded in the tutor.  The effort model 
provides information on the degree of effort a student invests in generating a problem 
solution. A linear regression affect model is used to assess a student’s emotional state; 
this model is derived from data obtained from a series of studies described in [18, 19].  

4. Affective Support delivered by Wayang’s Learning Companions 

Learning companions deliver approximately 50 different messages emphasizing 
the malleability of intelligence and the importance of effort and perseverance (Table 
2). The messages also include meta-cognitive help related to effective strategies for 
solving math problems and effective use of Wayang’s tools. Ultimately, the 
interventions will be tailored according to Wayang’s affective student model.  
However, we are currently still validating the models and algorithms for deciding 
which intervention to provide and when, and thus relied on the effort model only to 
assign messages for this experiment. This section describes these interventions 
including attribution and strategy training, as well as effort affirmation. 

The affective support provided by Wayang in this experiment was to train students 
motivationally, by emphasizing the importance of effort and perseverance and the 
idea that intelligence is malleable instead of a fixed trait [20]. The characters provided 
this support by responding to the effort exerted by students rather than to the student’s 
emotions.  Characters were either unimpressed when effort was not exerted, or simply 
ignored that the student solved the problem. They also offered praise to students who 
exerted effort while problem-solving, even if their answers were wrong, highlighting 
that the goal is to lessen the importance of performance in favor of learning.  

The characters were highly positive, in the sense that they displayed encouraging 
gestures (e.g., excitement and confidence). In a separate completed study, which is 
beyond the scope of this paper, characters behaviorally mimicked student self-
reported emotions, which is a form of a non-verbal empathetic response (e.g., learning 
companions appeared excited in response to student excitement, see Figure 2, right). 
In this experiment reported here, the companions occasionally expressed non-verbal 
behaviors of positive valence only, the underlying goal being to make them appear 
life-like and engaged, and to impart some of their enthusiasm to the students. The 
next three types of interventions described are verbal messages tailored according to 
Wayang’s modeling of students’ effort.  

 
 
 



 

Table 2. Companions provided several responses based on student effort 

Type Sample message 
Attribution  
(General) 

I found out that people have myths about math, thinking that only 
some people are good in math. Truth is we can all be good in math if 
we try. 

Attribution  
(Effort) 

Keep in mind that when we are struggling with a new skill we are 
learning and becoming smarter! 

Attribution  
(No Effort) 

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! 

Attribution  
(Incorrect) 

When we realize we don't know why the answer was wrong, it helps 
us understand better what we need to practice. 

Effort Affirmation  
(Correct No-effort) 

That was too easy for you. Let's hope the next one is more challenging 
so that we can learn something. 

Effort Affirmation   
(Correct Effort) 

Good job! See how taking your time to work through these questions 
can make you get the right answer? 

Strategic  
(Incorrect) 

Are we using a correct strategy to solve this? What are the different 
steps we have to carry out to solve this one? 

Strategic  
(Correct) 

We are making progress. Can you think of what we have learned in 
the last 5 problems?  

 
Attribution Interventions. Attribution theory proposes that students’ motivation 

to learn is directly rooted in their beliefs about why they succeed or fail at tasks [21]. 
If students can be taught to alter these beliefs, for instance to understand that failure is 
the result of a lack of effort instead of a lack of ability, then their motivation to learn 
and learning outcomes can be significantly improved [22]. For example: 
- General attribution messages encourage students to reflect about myths and math 

learning in general; 
- Effort attribution messages reinforce that effort is a necessary by-product of 

learning, and are specially tailored to situations where students are investing 
effort but are struggling; 

- No-effort attribution messages are 
more emphatic than the ones just 
mentioned; they are designed to help 
students realize that effort is necessary 
to learn, and generated when students 
are not investing effort; 

- Incorrect attribution interventions are 
generated to motivate students after 
they provide an incorrect response, by 
re-formulating how they perceive 
errors. 

Effort-Affirmation Interventions. In 
contrast to the effort-attribution messages 
described above, which aim to change students' attitude towards effort during problem 
solving and are generated before the student actually starts problem solving, the 
effort-affirmation interventions acknowledge effort after students obtain a correct 
solution (see Table 2 for examples). These interventions include: 

 

 
 

Fig. 3. Jane, the female affective learning 
companion, and Jake, the male affective 

learning companion. 



 

- Correct no-effort interventions are generated after a student invests no effort but 
obtains a correct solution, to make students realize that praise is not appropriate; 

- Correct-effort affirmations are generated after a student both invests effort and 
obtains the correct solution, to acknowledge the student's effort. 

Strategic Interventions. The final type of intervention we embedded into Wayang 
focuses on meta-cognitive strategies, with the goal of both making students more 
effective problem solvers and motivating them for learning in general.  
- Incorrect strategic messages are generated when students are not succeeding at 

problem solving, to motivate them to change their general problem-solving 
strategy, i.e., think about why they are not succeeding 

- Correct strategic messages are generated when students are succeeding at 
problem solving, to encourage them to evaluate their progress. 

5. The User Study 

The user study was designed to quantitatively evaluate the impact of learning 
companions on affective and cognitive outcomes for all students. Of the 108 ninth- 
and tenth-grade students, two thirds (72 students) received a learning companion of a 
random gender, and one third (36 students) did not receive a learning companion. We 
obtained complete data, surveys and posttest, for about 95 students. 

At the beginning of the study, students received a math pretest and a survey that 
assessed general attitudes towards math, described in Section 2. The following day 
and for the next three days, students used Wayang instead of their regular math class. 
Every five minutes as well as after completing a problem, students were asked to 
provide information on one of the four target emotions (e.g. “How frustrated do you 
feel?”), see Fig. 2. At the start of each session, the learning companions introduced 
themselves; when students needed help during problem solving, the companions 
reminded students about the “help button” that provided multimedia-based support in 
the form of animations with sound. Characters spoke aloud the messages described in 
the previous section, occasionally at the beginning of a new problem and/or after the 
student submitted a response to a problem.  Students in the control group (no-LC) had 
access to the same cognitive support (e.g., hints, problems read aloud), but no 
companions and no affective support. 

After students used Wayang for three days, they took a math posttest, and 
answered the same questionnaire as taken prior to using the tutor. In addition, the 
questionnaire included five questions about student perception of the tutor (Did you 
learn? Was the tutor concerned about your learning? Helpful?). We also logged 
student behavior with the tutor, such as success at problem solving, gaming (abuse of 
hints), use of tools, and help. Students’ emotions within the tutor were recorded, as 
well as when students muted the characters (mute button), and whether they abused 
help by rapidly reaching the bottom-out hint, or quick guessed (i.e., rapidly selected 
options until they hit the correct answer). 

  



 

Table 3. General Post-Tutor Outcomes: Main and interaction effects for Affective and 
Cognitive Outcomes. Key: H-A — High-Achieving students; L-A – Low-Achieving students;  

LC — Learning Companions; ∅ — No significant difference across conditions; ∅ MathAbility 
— No significant MathAbility effect or MathAbilityxLC interaction effect. 

 

5. Results, Discussion and Conclusion  
We carried out an Analyses of Covariance (ANCOVA) for each affective and 

behavioral dependent variable (post-tutor and within tutor) as shown in Tables 3-4. In 
particular, Table 3 shows the results for general post-tutor outcomes, while Table 4 
presents the results for affect-related and other variables measured within the tutor. As 
far as emotions, we include findings both on students’ self-reported emotions within 
the tutor, and post test differences in survey responses (note that in Table 1, we 
reported how students were feeling before they interacted with Wayang, while Tables 
3 and 4 look at how interaction with Wayang influenced these feelings). Our 
covariates consisted of the corresponding pretest baseline variable (e.g., we accounted 
for students’ pretest baseline confidence when analyzing confidence while using the 
tutor or afterwards). Independent variables corresponded to condition, specifically 
learning companion (LC) present vs. absent and LC type (Female (Jane) vs. Male 
(Jake) vs. no-LC). We analyzed both main effects and interactions for achievement 
level (MathAbility) and conditions over all student data (see second and last columns 
of Tables 3 and 4). In addition, because of the special affective needs of low-
achieving students, we repeated the ANCOVAs for the low-achieving student 
population only, for a “targeted effect,” Table 4 (third column).  

Results showed that all students demonstrated math learning after working with 
Wayang, with low-achieving students learning more than high achieving students 
across all conditions (Table 3). Learning companions did not affect student learning 
directly, but successfully induced positive student behaviors that have been correlated 
to learning, specifically, students spent more time on hinted problems [16] (see 
“Productive behavior” row, Table 4). The beneficial effect of learning companions 

 Overall Effect Differential 
Effect (High vs. Low) 

Learning  

Students learned in all 
conditions (paired samples t-test, 

*t(99) = 2.4, p = .019), but no 
significant effect for LC 

L-A students improved more than H-A in 
all conditions 

*F(99,1) = 5.3, p = 0.02 

Perceptions 
of  Wayang 

 
∅ 

When LCs are absent, H-A students 
perceive Wayang better than L-A. 

LCxMathAbility  
**F(96,1)=6.84, p = 0.01 

Liking of 
Mathematics  

Students receiving Jane 
demonstrated higher math liking. 

*F(93,2) = 3.7, p = 0.03 
∅ MathAbility 

Math Ability 
Self-concept 

 

Students receiving Jane showed 
higher posttest self-concept. 

*F(94,2) =3.6, p = 0.03 

When LCs are absent, H-A students had 
higher increase in self-concept than L-A. 

LCxMathAbility: +F(94,3) = 2.3, p = .08 



 

was mainly on affective outcomes, particularly on confidence (see “Confidence” row, 
Table 4). Low-achieving students who received learning companions improved their 
confidence while using the tutor and at posttest time more than students with no 
learning companions, while their counterparts in the no-LC condition tended to 
decrease their confidence (Figure 4). 

 
Table 4. Emotions within and after using the tutor. Key: H-A—High Achieving; L-A –Low 
Achieving; ∅  —No significant difference across conditions; ∅MathAbilityxLC —No 

significant MathAbilityxLC interaction effect/MathAbility effect; LC–Learning Companions. 

 

 Overall Effect Targeted Effect on Low 
Achieving Students 

Differential 
Effect  

(High vs. Low) 

Frustration 

Less overall 
frustration self-

reported with Jane  
**F(213,2) = 6.1,  

p = .003 

 L-A students have lower 
post-tutor frustration in 

the LC condition than no-
LC. 

+F(58,1) = 3.4, p=.07 

When LCs are absent, L-A 
students have higher post-
tutor frustration than H-A.  

LC x MathAbility 
+F(93,3) = 2.4, p = .08 

Confidence 
Higher overall 

confidence reported 
in the LC condition 

*F(204,1)=5.3,  p = .02 

L-A students in the LC 
condition have higher 

confidence. 
Within Tutor LC effect: 
**F(108,1)= 7.3, p = .008 

Post-tutor LC effect: 
 *F(56,1)= 3.8, p = .05 and 

H-A students have higher 
confidence than L-A  

students (but esp. when 
companions are absent)  

MathAbility effect within: 
*F(204,1)= 4.1, p = .05 
MathAbility effect 

posttutor: 
*F(91,1) = 5.8, p = .02 

Interest  

Students in the LC 
condition have  
higher overall 

interest at posttest 
time. 

LC main effect: 
+F(94,1) = 3.4, p = .07 

L-A students in the LC 
condition report 

marginally more post-
tutor interest. 

LC main effect: 
+F(58,1) = 2.7, p =.1 

L-A students report more 
boredom than H-A  
students across all 

conditions 
MathAbility effect 

+F(219,1) = 2.9, p = .09 

Excitement ∅ ∅ 

H-A students report less 
excitement when LCs are 

absent, no difference when 
LC is present. 

MathAbilityxLC within: 
*F(200,1) =  5.2, p=.02  

Productive 
behavior: 

time in hint 
problems 

∅ 
L-A students spend more 
time in hinted problems 

with LCs. 
+F(67, 1) = 2.9, p = 0.095 

∅ MathAbility 

Gaming 
behavior:  

Quick–
guess,  help 

abuse 

∅ ∅ 

L-A students quick-guess 
more than do H-A students  

MathAbility effect: 
**F(109,1) = 5.9, p = 0.017 

No MathAbilityxLC 
interaction effect 



 

 
Learning companions had a positive impact for all students on some measures, e.g., 

all students receiving the female companion (Jane) improved math liking and self-
concept of their math ability. This was not the case for the male learning companion 
(Jake), which was muted by students twice as much as Jane, making it too similar to 
the control version.  

Some differential effects (last column Table 4) suggest that learning companions 
are essential for low-
achieving students’ affect. 
When LCs are present, low 
achieving students report 
positive affect nearly as 
much as do high-achieving 
students and it is only when 
learning companions are 
absent that a large gap 
exists between these student 
groups. This affective gap 
reduces when learning 
companions are present. 
This result is found for 
several outcome variables: 
self-concept, perceptions of 
learning, frustration, 
excitement. 

However, learning 
companions did not manage 
to change some negative 
feelings and behaviors: low-achieving students did quick-guess more across all 
conditions than high achieving students; low achievement students reported less 
interest than high achieving in all conditions. We did see an increase in productive 
behaviors that lead to learning [16], low-achieving students spent more time in 
problems where help is requested (i.e. students pay more attention to hints).  

General implications for tutors include the possibility of defining features and tool 
sets that support low-achieving students differentially from the rest. In  future studies 
we will analyze separately the impact of companions on a large population of students 
with learning disabilities, compared to students without learning disabilities. 
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Fig. 4. Low and high achievement students’ change in 

reported confidence during problem solving 
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