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Meta-knowledge in Tutoring
It is important to have a chapter in this volume on one-to-one tutoring because it is one
of the most effective methods of helping students learn. Tutoring provides the opportunity for
an intense “meeting of the minds” between a student and a person with subject matter
expertise. Tutoring is the standard panacea when students are failing to meet expected grades
and anxiety reverberates among the students, parents, teachers, principles, and school systems.
Anxiety turns to panic when a school is not meeting the standards of a high stakes test, when a
prize athlete may be cut from a team, and when a student runs the risk of losing a scholarship.
A wealthy family might end up paying $200 per hour for an accomplished tutor to save a son
or daughter.
It is very easy to justify the use of tutors from the standpoint of learning gains. Metaanalyses show learning gains from typical, non-expert human tutors of approximately 0.4
sigma (effect size in standard deviation units) compared to classroom controls and other
suitable controls (Cohen, Kulik & Kulik, 1982). Non-expert tutors are paraprofessionals,
cross-aged tutors (i.e., students who are older than the tutee), or same-age peers who have had
little or no tutor training and have modest subject-matter expertise. Collaborative peer tutoring
shows an effect size advantage of 0.2 to 0.9 sigma (Johnson & Johnson, 1992; Mathes &
Fuchs, 1994; Slavin, 1990; Toppin, 1996), and appears to be slightly lower than older nonexpert human tutors (Pilkington & Parker-Jones, 1996). The tutors in these same-age and
cross–age collaborations tend to learn more than the tutees (Cohen et al., 1982; Mathes &
Fuchs, 1994; Rohrbeck, Ginsburg-Block, Fantuzzo, & Miller, 2003), presumably because of
the added study, effort, and initiative in taking on the role as tutor. Peer tutoring is a low-cost
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effective solution because expert tutors are expensive and hard to find. In contrast, there have
not been many systematic studies on learning gains from expert tutors because they are
expensive, they are difficult to recruit in research projects, and tutors tend to stay in the
tutoring profession for a short amount of time. However, available studies show effect sizes of
0.8 to 2.0 (Bloom, 1984; Chi, Roy, & Hausmann, in press; Person, Lehman, & Ozbun, 2007;
VanLehn et al., 2007), which is presumably higher than other forms of tutoring.
The obvious question to ask is why is tutoring effective in promoting learning? This
question has been investigated by researchers in education, cognitive science, and discourse
processing in recent years. One approach to answering this question is to conduct a program of
research or to report meta-analyses that relate learning gains with characteristics of the subject
matter, tutee, tutor, and general structure of the tutoring session. There is evidence, for
example, that (1) learning gains tend to be higher for well-structured, precise domains
(mathematics, physics) than for ill-structured domains, (2) that learning gains from tutors are
more pronounced for tutees who start out with comparatively lower amounts of knowledge
and skill, (3) that the quality of tutor training is much more important than the quantity of
training, and that (4) that a tutoring session shows more benefits when there are particular
pedagogical activities (Cohen et al., 1982; Fuchs et al., 1994, in press; King, Staffieri, &
Adelgais, 1998; Mathes & Fuchs, 1994; Rohrbeck et al., 2003). A second approach is to
perform a very detailed analysis of the tutoring session structure, tasks, curriculum content,
discourse, actions, and cognitive activities manifested in the sessions and to speculate how
these might account for the advantages of tutoring (Chi et al., in press; Chi, Siler, Jeong,
Yamauchi, & Hausmann, 2001; Fuchs et al., in press; Graesser & Person, 1994; Graesser,
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Person, & Magliano, 1995; Hacker & Graesser, 2007; Lepper, Drake, & O’Donnell-Johnson,
1997; McArthur, Stasz, & Zmuidzinas, 1990; Merrill, Reiser, Merrill, & Landes, 1995;
Person & Graesser, 1999; 2003; Person, Kreuz, Zwaan, & Graesser, 1995; Shah, Evens,
Michael, & Rovick, 2003; VanLehn, Siler, Murray, Yamauchi, & Baggett, 2003). This
chapter discusses some of these analyses, particularly from the standpoint of meta-cognition,
meta-communication, and meta-affect. A third approach is to manipulate the tutoring activities
through trained human tutors or computer tutors and to observe the impact of the
manipulations on learning gains (Chi et al., 2001, in press; Graesser, Lu et al., 2004; VanLehn
et al., 2007). Manipulation studies allow us to infer what characteristics of the tutoring
directly cause increases in learning gains, barring potential confounding variables.
Given that the focus of this Handbook is on metacognition, it is not our goal to provide a
comprehensive literature review of the anatomy of tutoring and to identify the factors that best
explain the impact of tutoring on learning. There are already several papers, meta-analyses
and reviews that address that goal, as we have already cited. Instead, this chapter attempts to
reconstruct what meta-cognitive, meta-communicative, and meta-affective knowledge exists
in the minds of tutors and tutees. What do tutors know, for example, about cognition,
emotions, pedagogy, discourse, and the nature of tutoring? What do the tutees (students)
know? Does such “meta” knowledge vary with the expertise of the tutor or tutee?
Most of what we know about the “meta” knowledge of tutoring is inferred from the
tutoring process and available outcome measures. Traditional studies of metacognition
outside of the tutoring realm have collected ratings or judgments from participants on their
“meta” knowledge, such as feeling of knowing (FOK), judgments of learning (JOL),
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comprehension calibration, or inventories on the use of strategies (Azevedo & Cromley, 2004;
Dunlosky, Rawson, & Middleton, 2005; Hacker, 1998). Such explicit judgments are not
routinely collected in tutoring studies. For example, researchers do not collect data at different
points in the tutoring session on whether the tutor knows or believes a fact F, the student
knows F, the tutor knows the student knows F, or the student knows that the tutor knows that
the student knows F. Researchers do not collect data, at different points in the tutoring session,
on whether pedagogical strategy S should be used, or not used, and why. Researchers have
not collected data on the general expertise that particular tutors have about good tutoring
practices, the nature of cognitive processes, and the conditions in which a particular strategy
would help learning. Such inventories would be useful to collect, but we were not able to
identify a study that reported such data. The data we have available about tutoring is restricted
to outcome measures of learning and/or the measures collected on the tutoring activities by
trained researchers who analyze sessions recorded on videotape, audiotape, or computer (e.g.,
transcripts of computer-mediated interaction).
Nevertheless, much can be learned from tutoring process data and outcome measures.
Consider a couple of examples that illustrate what we can infer. One of the hallmarks of
tutoring is that the tutor should help the tutee correct deficits in his or her knowledge and skills.
This is a large part of what makes tutoring adaptive. If a tutor knows this, the tutor should
initiate some activity at the beginning of the session that diagnoses what the tutee does or does
not know, or what challenges the tutee is struggling with. We can infer that the tutor has this
principle of adaptation if the tutor performs any of a number of actions: (a) inspects previous
test materials and scores of the tutee, (b) selects problems in the tutoring session that are
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associated with the tutee’s deficits, or (c) asks the tutee what they are having problems with.
We can infer that the tutor lacks the principle of adaptation if the tutor immediately launches
into problems from a curriculum script, in the same way for all tutees. This example illustrates
that we can infer quite a bit by systematically analyzing the actions that occur during tutoring
and comparing these actions to theoretically expected actions.
Consider another example that addresses meta-cognitive knowledge of the tutee. Tutors
frequently ask students comprehension-gauging questions, such as Do you understand?, Are
you following?, and Does that make sense? If the tutee’s comprehension calibration skills are
accurate, then the tutee should answer YES when the tutee appears to understand and NO
when there is little or no understanding. One provocative finding in the tutoring literature is
that there sometimes is a negative correlation between a student’s knowledge of the material
(based on pre-test scores or post-test scores) and their likelihood of saying YES rather than
NO to the tutors’ comprehension-gauging questions (Chi et al., 1989; Graesser et al., 1995).
So it is the knowledgeable tutees who tend to say No, I don’t understand. This result suggests
that deeper learners have higher standards of comprehension (Baker, 1985; Otero & Graesser,
2001) and that many students have poor comprehension calibration skills. The finding that
students have subpar comprehension calibration is well documented in the metacognitive
literature, where meta-analyses have shown only a 0.27 correlation between comprehension
scores on expository texts and the students’ judgments on how well they understand the texts
(Dunlosky & Lipko, 2007; Glenberg, Wilkinson, & Epstein, 1982; Maki, 1998). In this
example, we can infer something about the tutee’s metacognition by comparing a discourse
pattern between tutor-tutee and a test score (pretest or posttest).
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The remainder of this chapter has two sections. We first discuss what tutees know about
meta-cognition, meta-communication, and meta-affect on the basis of activities manifested in
tutoring. As a note, we have a broad umbrella of what is considered “meta;” it is defined as
their knowledge of pedagogy, cognition, communication, and emotion. After we cover what
is known about the tutee’s we will turn to the meta-knowledge of tutors. The tutors will
include untrained human tutors, expert tutors, and computer tutors.
Meta Knowledge of Tutees
Consider a sketch of what we would want from ideal learners. They would self regulate
their learning by identifying their own knowledge deficits, detecting contradictions, asking
good questions that rectify these anomalies, searching knowledge sources for answers, making
inferences when answers are not directly available, and actively building knowledge at deep
levels of mastery. It is safe to say that the vast majority of tutees do not fit this profile (Chi et
al., 2004; Graesser & Person, 1994; Graesser, McNamara, & VanLehn, 2005). It is the tutor
who directs the tutoring session, not the tutee, and tutees are rarely inquisitive question askers
(Chi et al., 2001; Graesser et al., 1995; Otero, this volume).
The more accurate sketch of the tutee’s conception of a tutoring session is that of a
passive learner, not too different from a student in a classroom listening to a lecture. They
expect the tutor to lecture, explain the content, model procedures in solving problems, and
essentially run the session. The tutee also expects to be tested with questions, just as in the
classroom. As in a classroom, they expect to be grilled with simple questions that invite short
answers and clear-cut feedback on the quality of the answers. The Initiate-Respond-Evaluate
(IRE) sequence in a classroom consists of the teacher initiating a question, the student giving a
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short-answer response, and the teacher giving a positive or negative evaluation of the response
(Mehan, 1979; Sinclair & Coulthart, 1975). The analogue in the tutoring session would be the
exchange below on the subject matter of Newtonian physics.
(1) TUTOR: According to Newton’s second law, force equals mass times what?
(2) STUDENT: acceleration
(3) TUTOR: Right, mass times acceleration.
Or
STUDENT: velocity
TUTOR: Wrong, it’s not velocity, it is acceleration.
It is not surprising that the tutees conception of a tutoring session is not much different from a
classroom because the dynamics of the tutorial session closely mirror the classroom that they
experience every day. Classrooms typically consist of the teacher presenting didactic lessons
aligned with a curriculum, of presenting problems and worked out solutions, and of frequently
grilling the students with IRE sequences. As in the classroom, the tutee expects to be
evaluated and graded on their responses. Obviously, there are more innovative classroom
environments that deviate from this simple sketch, but this does depict most classrooms.
Shortly after the tutee arrives at a tutoring session the tutee learns that the discourse and
pedagogical structure of a tutoring session is somewhat different from the typical classroom.
Although there is a tendency for poor tutors to simply lecture like a teacher, most tutors spend
considerable time presenting problems or asking difficult questions that are answered
collaboratively by the tutor and tutee (Chi et al., 2001; Fuchs et al., in press; Graesser et al.,
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1995; Person & Graesser, 1999). According to Graesser and Person (1994), tutors frequently
implement the following 5-step tutoring frame:
(1) TUTOR asks a difficult question or presents a problem.
(2) STUDENT gives an initial answer.
(3) TUTOR gives short feedback on the quality of the answer.
(4) TUTOR and STUDENT have a multi-turn dialogue to improve the answer.
(5) TUTOR assesses whether the student understands the correct answer.
It is quite apparent that this 5-step tutoring frame involves collaborative discussion, joint
action, and pressure for the tutee to construct knowledge rather than merely receiving
knowledge. The role of the tutor shifts from being a knowledge-teller to a guide for
collaborative knowledge construction. The relevant metaphor shifts from a classroom to
collaborative work.
Tutors exhibit considerable variation on how they run their tutoring sessions. Later in
this chapter we will discuss what tutors do and don’t do, as well as their meta-knowledge.
From the standpoint of the tutee, the focus of the present section, the meta-knowledge appears
to be quite limited when we examine available evidence. The remainder of this section
discusses what we can reconstruct about the tutee’s meta-knowledge of cognition,
communication, and emotions.
Metacognition
Other chapters in this volume discuss at length the fact that children, college students,
and adults are quite limited in their metacognitive knowledge and skills, as well as their ability
to self-regulate their learning. The process of self-regulation of learning theoretically involves
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the learners’ constructing a plan, monitoring metacognitive activities, implementing
learning strategies, and reflecting on their progress and achievements (Azevedo, 2005, this
volume; Azevedo & Cromley, 2004; Pintrich, 2000; Winne, 2001; Zimmerman, 2001).
Each of these phases can be decomposed further. For example, metacognitive monitoring
can be decomposed into judgments of learning, feeling of knowing, content evaluation,
monitoring the adequacy of a strategy, and monitoring progress towards goals (Hacker,
Dunlosky, & Graesser, 1998). Examples of learning strategies include searching for
relevant information in a goal-directed fashion, taking notes, drawing tables or diagrams,
re-reading, elaborating the material, making inferences, coordinating information sources
such as text and diagrams, and summarizing content. Tutees are limited, just as most
learners are limited, in knowing, mastering, and executing most of these components.
Tutors are often stuck by the lack of curiosity and questions of tutees. The lack of
student questions can partially be attributed to the fact that the tutor governs the tutoring
agenda. However, another reason is that there is a low rate of student questions in classrooms
and most other learning environments (Dillon, 1988; Graesser, McNamara, & VanLehn, 2005).
According to Graesser and Person’s (1994) analysis of student questions, a typical student in a
classroom asks approximately 1 question every 6-7 hours in a classroom environment and 1
question every 2 minutes in a tutoring environment. Most of the tutee questions are attempts
to confirm or verify their knowledge (e.g., Isn’t this Newton’s second law?), to request
definitions of terms (What is a Newton?), or to ask how to perform a procedure (How do you
get this square root?), as opposed to questions that attempt to fill major gaps or contradictions
in conceptual knowledge. Students with more domain knowledge ask deeper questions
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(Graesser & Olde, 2003; Graesser & Person, 1994; Miyake & Norman, 1979; Otero, this
volume; Van der Meij, 1990). As Miyake and Norman (1979) pointed out decades ago in their
analyses of tutoring, it takes a considerable amount of knowledge for a student to know what
he or she does not know. According to one model of student question asking (Graesser &
Olde, 2003; Otero & Graesser, 2001), students need to be put in cognitive disequilibrium
before they ask sincere information seeking questions. Cognitive disequilibrium occurs when
students are confronted with contradictions, anomalies, obstacles to goals, and difficult
decisions among equally attractive options. These conditions rarely occur when students are
in a passive learning environment, they have minimal prior knowledge, and no vested interest
in the subject matter. From this perspective, it is no surprise that good, deep, sincere
information-seeking questions are rarely asked by the tutee.
As will be discussed later, tutors who adopt a student-centered perspective (Chi et al.,
2001, in press) attempt to get the tutees to do the talking and doing. The tutors generate pumps,
prompts, hints, and questions to stimulate verbal explanations and actions of the tutee. Other
tutors adopt a tutor-centered approach that is comparatively insensitive to the student’s
knowledge and the importance of the student constructing the knowledge; these students have
underdeveloped meta-pedagogical knowledge. It is remarkable how few students, tutors, and
members of the community fail to appreciate the value of active construction of knowledge.
Some students may even feel cheated when they are expected to do the work rather than
having the tutor do the knowledge-telling or model the actions. And the same holds for the
parents. Parents occasionally criticize same-age peer tutoring because they strongly believe
that teachers and tutors should do the teaching rather than having their children wasting their
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time teaching other students. These parents do not understand the virtues of active learning
and learning by teaching (Fuchs et al., in press). At this point in tutoring research, it is an open
question precisely what meta-knowledge students (and parents) have about the cognitive and
pedagogical mechanisms of tutoring.
Metacommunication
Metacommunication is knowledge about the process of communication. The focus of
this chapter is on tutoring and the focus of this section is on the tutee, so the relevant question
addresses what knowledge the students have about the communication process during tutoring.
Once again, available relevant data relies on an analysis of discourse patterns in conjunction
with measures of student ability or achievement.
Communication is most successful when there is an alignment at multiple levels of
language and discourse between participants (Pickering & Garrod, 2004). This occurs when
there is high common ground (shared knowledge) and the pragmatic ground-rules are well
understood by both parties (Clark, 1996; Schober & Clark, 1989). Alignment violations
sometimes occur during tutoring, however, because there is a large gap between tutor and
tutee in subject matter knowledge and because the tutee sometimes misunderstands the tutor’s
tutoring goals (Person et al., 1995). This is most apparent when we examine the grounding of
referents, feedback, and hints. A good tutor presumably attempts to clarify the conversational
ground rules and to repair misalignments, but this too often is not achieved in normal tutoring
sessions.
Grounding referents. A referent is grounded when both the tutor and the student know
the meaning of the referent and this meaning is shared in the discourse space (i.e., the history
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of the multi-turn dialogue and the learning materials that are co-present). Sometimes the
meaning consists of the definition of a concept, but more often it is an entity in the tutoring
environment being referred to or pointed to (e.g., a sentence in a book, a symbol in a math
problem). Unfortunately, many students do not appreciate the importance of grounding so
they let too much go by with a minimal understanding. When the tutor asks whether the tutee
understands via a comprehension-gauging question (“Do you understand?”), they usually nod
or answer YES, even though many of the referents are ungrounded and their understanding is
minimal. As mentioned earlier, it is the more knowledgeable tutee who tends to answer NO
(Chi et al., 1989; Graesser et al., 1995). Many tutors believe the student’s answer and assume
that conversational grounding has been achieved, so there is a serious misalignment in
grounding. A good tutor might periodically show scepticism and make the student
demonstrate adequate grounding by requesting the student to define a term, to point to an
external referent, or to perform a procedure; that would be quite diagnostic of breakdowns in
grounding. On the flip side, students often assume that the tutor understands whatever the
student expresses. In essence, the student assumes “If I say it, the tutor will understand it.”
The truth is, however, that tutors often misunderstand the tutee because much of what the
student says is vague, underspecified, and error-ridden (Graesser et al., 1995). The tutor’s and
tutee’s illusion of grounding is pervasive in tutoring sessions and accounts for many of the
misunderstandings and misalignments of communication.
Feedback. Tutors give short feedback after most student turns as an indication of the
quality of the student’s contribution. The feedback is either positive (yes, very good, head nod,
smile), negative (no, not quite, head shake, pregnant pause, frown), or neutral (uh huh, I see).
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After the short feedback, the tutor goes on to advance the conversation with questions, hints,
elaborations, and other types of dialogue moves. The tutors’ short feedback is hopefully
accurate because many researchers believe that feedback is an important part of learning,
although evidence for the impact of feedback on learning is mixed (Azevedo & Bernard, 1995;
Chi et al., in press; Kluger & DiNisi, 1998; Kulhavy & Stock, 1989; Shute, 2007). On the
other hand, many tutors tend to be polite conversation partners and resist giving negative
feedback to the tutee when the student expresses vague or error-ridden contributions (Person
et al., 1995). Graesser and Person (1994) reported that the immediate feedback of unskilled
tutors tends have a higher likelihood of being positive than negative after incorrect or vague
student contributions (Graesser et al., 1995). One could imagine that the students might clam
up when they are barraged with a hefty dose of negative feedback, so there indeed is some
virtue in tutors following the politeness principle. If tutor feedback does engender a tradeoff
between learning and motivation, then tutors should be particularly sensitive to the use of
feedback. At the very least, they should be vigilant of the illusion of feedback accuracy.
What do students believe and expect regarding feedback? There is some anecdotal
evidence suggesting that students do believe the feedback that they receive from tutors and
also that they desire accurate feedback. For example, a computer tutor called AutoTutor
helps students learn by holding a conversation with the student in natural language (Graesser,
Lu et al., 2004); Graesser, Person, Harter, & TRG, 2001). AutoTutor sometimes does not
accurately interpret the tutee’s contribution, which leads to incorrect short feedback. Students
who detect the incorrect feedback get annoyed, irritated, or angry, sometimes to the point of
dismissing the utility of AutoTutor altogether (D’Mello, Craig, Witherspoon, McDaniel, &
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Graesser, 2008). One explanation of their negative emotions is that the students expect
accurate feedback. Another observation from these sessions with AutoTutor is that students
want decisive feedback (yes versus no) rather than evasive or indecisive feedback (possibly, uh
huh, okay). A polite or wishy-washy computer tutor does not seem to be as desirable as a
decisive one. It appears that the politeness principle may apply to humans but not computers
in the case of feedback. These findings suggest that the students’ assumptions about
pragmatic ground-rules and communication may be very different for human tutors versus
computer tutors.
Hints. Good tutors are known to give hints that invite students to do the talking and
doing rather than just giving lectures and telling the student the correct information (Chi et al.,
2004, in press; DiPaolo, Graesser, White, & Hacker, 2004; Hume et al., 1993). The hints vary
from being generic statements or questions (What about X?, Why?) to speech acts that more
directly lead the student to a particular answer. Hints serve as memory cues, problem solving
clues, and directives to shift the burden of conversation from the tutor to the tutee. Hints may
be the ideal scaffolding move to promote active student learning, but at the same time
directing the student to focus on important relevant material.
Two limitations of hints potentially arise from the standpoint of student perceptions.
Both of these limitations can be explained by appealing to an illusion of discourse alignment,
the unwarranted assumption that the listener does or is expect to understand the discourse
function, intention, and meaning of the speaker’s dialogue contributions. The first limitation is
that the students may not understand the discourse function of hints, particularly if they
believe the ground-rules dictate that the tutor should do the telling and showing. Students may
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have a tutor-centered epistemology of the tutoring register (i.e., genre) rather and a studentcentered or interaction-centered epistemology (Chi et al., 2004, in press). As a consequence,
the student may not know how to respond to hints because they regard them as confusing or
pragmatically infelicitous. A second limitation occurs when (a) the tutors have an answer in
mind when they give a hint, (b) the students respond with an answer they think is good, (c) the
students’ responses do not match the tutors’ expected answers, (d) the tutors give negative
feedback, and (e) the students get frustrated or confused from being misunderstood and not
adequately credited. D’Mello et al. (2008) have indeed reported that student confusion tends
to occur after tutor hints and after negative feedback to students’ responses to hints. It is
interesting to speculate how tutorial dialogues would evolve if students assumed that many
contributions in the conversation have discourse misalignments and that perfectly meshed
conversations are very rare.
Meta-affect
Connections between complex learning and emotions have received increasing
attention in the fields of psychology (Carver, 2004; Deci & Ryan, 2002; Dweck, 2002) and
education (Gee, 2003; Lepper & Henderlong, 2000; Linnenbrink & Pintrich, 2002; Meyer
& Turner, 2002, 2006). It is important to understand affect-learning connections in order to
adequately train tutors and also to design engaging educational artifacts that range from
responsive intelligent tutoring systems (DeVicente & Pain, 2002; Graesser, Person, Lu,
Jeon, & McDaniel, 2005; Guhe, Gray, Schoelles, & Ji, 2004; Litman & Silliman, 2004) to
entertaining media and games (Conati, 2002; Gee, 2003; Vorderer, 2003). Researchers in
many different fields are familiar with Ekman’s work on the six universal emotions
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(sadness, happiness, anger, fear, disgust, surprise) that are manifested through facial
expressions (Ekman & Friesen, 1978) and paralinguistic features of speech (Scherer, 1986).
However, these are not the emotions that occur during most tutoring sessions. The
pervasive affective states during the tutoring of technical material are confusion, frustration,
boredom, anxiety, and flow/engagement, with delight and surprise occurring less frequently
(Craig, Graesser, Sullins, & Gholson, 2004; D’Mello,Graesser et al., 2006; 2007; 2008;
Lehman, Matthews, D’Mello, & Person, in press).
Meyer and Turner (2006) identified three theories that are particularly relevant to
understanding the links between emotions and learning: academic risk taking, flow, and
goals (Meyer & Turner, 2006). The academic risk theory contrasts (a) the adventuresome
learners who want to be challenged with difficult tasks, take risks of failure, and manage
negative emotions when they occur and (b) the cautious learners who tackle easier tasks,
take fewer risks, and minimize failure and the resulting negative emotions (Clifford, 1991).
According to flow theory, the learner is in a state of flow (Csikszentmihaly, 1990) when the
learner is so deeply engaged in learning the material that time and fatigue disappear. When
students are in the flow state, they are at an optimal zone of facing challenges and
conquering the challenges by applying their knowledge and skills. Goal theory emphasizes
the role of goals in predicting and regulating emotions (Dweck, 2002; Murphy et al., in
press; Stein & Hernandez, 2008). Outcomes that achieve challenging goals result in
positive emotions whereas outcomes that jeopardize goal accomplishment result in negative
emotions.
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Obstacles to goals are particularly diagnostic of both learning and emotions. The
affective state of confusion correlates with learning gains perhaps because it is a direct
reflection of deep thinking (Craig et al., 2004; Graesser et al., 2007). Confusion is
diagnostic of cognitive disequilibrium, a state that occurs when learners face obstacles to
goals, contradictions, incongruities, anomalies, uncertainty, and salient contrasts (Graesser,
Lu, Olde, Pye-Cooper, & Whitten, 2005; Otero & Graesser, 2001). Cognitive equilibrium is
ideally restored after thought, reflection, problem solving and other effortful deliberations.
It is important to differentiate being productively confused, which leads to learning and
ultimately positive emotions, from being hopelessly confused, which has no pedagogical
value.
There have been very few studies on meta-affect in tutees. This leaves the door
wide open for some informed speculation and some encouragement to researchers to
conduct more research in this area. We do know that tutee’s identify the following affective
states when they are asked to emote-aloud (i.e., articulate their emotions) during learning or
when they view videotapes of their tutoring sessions and judge their emotions at different
points in time (D’Mello et al., 2006; Graesser et al., 2006): confusion, frustration, boredom,
flow/engagement, delight and surprise. However, we do not know how reliably different
classes of learners can identify these emotions. We suspect from 150 years of
psychological research on emotions that some learners lack sensitivity to their own
emotions, that other learners are hypersensitive, and that there is a large continuum of
possibilities in between (see Lewis, Haviland-Jones, & Barrett, 2008).
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Research is conspicuously absent on how the tutees perceive the causes and
consequences of these emotions and what they think they should do to regulate each affect
state. The negative emotions are particularly in need of research. When a tutee is
frustrated from being stuck, the student might attribute the frustration to either to
themselves (“I’m not at all good at physics”), the tutor (“My tutor doesn’t understand this
either”), or the materials (“There must be a lousy textbook”). Solutions to handle the
frustration would presumably depend on these attributions of cause (Heider, 1958; Weiner,
1995). When a student is confused, some students may view this as a positive event to
stimulate thinking and show their metal in conquering the challenge; other students will
attribute the confusion to their poor ability, an inadequate tutor, or poorly prepared
academic materials. When a student is bored, they are likely to blame the tutor or material
rather than themselves. Tutoring environments of the future need to manage the tutorial
interaction in a fashion that is sensitive to the tutees’ emotions in addition to their cognitive
states.
Meta Knowledge of Tutors
What might we expect of the tutors’ knowledge about pedagogy, metacognition, metacommunication, and meta-affect? In an ideal world, the tutor would be able to reliably
identify the cognitive and emotional states of the tutee. The tutor would be able to respond to
these states in a pedagogically justifiable matter. That would include a large repertoire of
excellent tutoring and teaching strategies that are tuned to different classes of students. The
tutor would understand communication processes and how to formulate discourse moves that
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establish common ground and that advance the conversation in a manner that optimizes
pedagogical goals.
The typical tutors in the school system and life long learning are far from ideal, as we
expressed earlier in the chapter. It is rare to have an experienced tutor with adequate training
in the subject matter knowledge, pedagogy, and discourse processes. Person et al.’s (2007)
review of studies with accomplished tutors makes the points that the sample sizes of expert
tutors are extremely small (N <3) in empirical investigations of expert tutoring, that the same
expert tutors are used in different research studies, and the tutors are frequently co-authors on
publications. Therefore, claims about expert tutoring are frequently biased by the
idiosyncratic characteristics of the small sample and the tutors’ authorship role. Person et al.
therefore conducted a study on a sample of 12 tutors who were nominated by teachers in the
Memphis community who were truly outstanding. The discourse patterns of these outstanding
tutors in Person’s Expert Tutor corpus were dissected in great detail, but not linked to outcome
scores on learning. The discourse patterns of 13 normal unskilled tutors, i.e., cross aged tutors
and paraprofessional, have been analyzed by Graesser and Person (Graesser, & Person, 1994;
Graesser et al., 1995; Person & Graesser, 1999, 2003). This Graesser-Person Unskilled Tutor
corpus also was analyzed in great detail at the level of discourse, but not outcome scores on
learning. Future research will need to systematically relate the discourse characteristics of
tutors of varying ability to different outcome measures.
This section will sometimes consider Computer Tutors in addition to the Expert and
Unskilled Tutors. The advantage of computer tutors is that they systematically analyze the
students’ knowledge and actions and they implement strategies to adaptively respond to the
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student. Unlike human tutors, the tutoring strategies are implemented systematically and
follow complex algorithms.
Pedagogy
Unskilled human tutors are not particularly sophisticated from the standpoint of
ideal tutoring strategies that have been proposed in the fields of education and artificial
intelligence (Graesser et al., 1995). Graesser and colleagues videotaped over 100 hours of
naturalistic tutoring in the Unskilled Tutoring corpus, transcribed the data, classified the
speech act utterances into discourse categories, and analyzed the rate of particular discourse
patterns. These analyses revealed that the tutors rarely implement intelligent pedagogical
techniques such as bona fide Socratic tutoring strategies, modeling-scaffolding-fading,
reciprocal teaching, frontier learning, building on prerequisites, or diagnosis/remediation of
deep misconceptions (Collins, Brown, & Newman, 1989; Palincsar & Brown, 1984;
Sleeman & Brown, 1982). In Socratic tutoring, the tutor asks learners illuminating
questions that lead the learners to discover and correct their own misconceptions in an
active, self-regulated fashion (Collins et al., 1975). In modeling-scaffolding-fading, the
tutor first models a desired skill, then gets the learners to perform the skill while the tutor
provides feedback and explanation, and finally fades from the process until the learners
perform the skill all by themselves (Rogoff & Gardner, 1984). In reciprocal teaching, the
tutor and learner take turns working on problems or performing a skill, as well as giving
feedback to each other along the way (Palincsar & Brown, 1984). Tutors who use frontier
learning select problems and give guidance in a fashion that slightly extends the boundaries
of what the learner already knows or has mastered. Tutors who build on prerequisites cover
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the prerequisite concepts or skills in a session before moving to more complex problems
and tasks that require mastery of the prerequisites (Gagne, 1985).
It is perhaps unsurprising that unskilled human tutors rarely implement
sophisticated tutoring strategies such as the ones described above. They were never trained
to implement such strategies and it is unlikely these sophisticated strategies with be
spontaneously discovered by the tutor. Moreover, there is a large computational overhead
to implementing these strategies, far beyond most of the computer technologies of today.
Researchers in computational linguistics and artificial intelligence have designed computer
tutors to simulate tutors who interact with the students in natural language. These include
AutoTutor (Graesser et al., 1999, 2001; 2004, 2006; VanLehn et al., 2007), why-Atlas
(Graesser, VanLehn, Rose, Jordon, & Harter, 2001; Van-Lehn et al., 2003), CIRCSIMTutor (Shah, Evens, Michael, & Rovick, 2002), DC-Trains (Peters, Bratt, Clark, Pon-Barry,
Schultz, 2004), and Mission Rehearsal (Gratch et al., 2002). These different computer
tutors vary in the extent to which they simulate human dialogue mechanisms, but all of
them attempt to comprehend natural language and to formulate adaptive responses and
strategies to help students learn.
The structure of the dialogue in both AutoTutor and human tutoring (Chi et al., 2001,
2004, in press; Graesser, & Hu, & McNamara, 2005; Shah et al., 2002) follows an
Expectation and Misconception Tailored (EMT) dialogue. EMT dialogue is the primary
pedagogical method of scaffolding good student answers. Both AutoTutor and human
tutors typically have a list of expectations (anticipated good answers) and a list of
anticipated misconceptions associated with each main question. For example, expectations
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E1 and E2 and misconceptions M1 and M2 are relevant to the example physics problem
below.
PHYSICS QUESTION: If a lightweight car and a massive truck have a head-on
collision, upon which vehicle is the impact force greater? Which vehicle
undergoes the greater change in its motion, and why?
E1. The magnitudes of the forces exerted by A and B on each other are equal.
E2. If A exerts a force on B, then B exerts a force on A in the opposite direction.
M1: A lighter/smaller object exerts no force on a heavier/larger object.
M2: Heavier objects accelerate faster for the same force than lighter objects
AutoTutor guides the student in articulating the expectations through a number of
dialogue moves: pumps (what else?), hints, and prompts for the student to fill in missing
words. Hints and prompts are carefully selected by AutoTutor to produce content in the
answers that fill in missing content words, phrases, and propositions. For example, a hint
to get the student to articulate expectation E1 might be “What about the forces exerted by
the vehicles on each other?”; this hint would ideally elicit the answer “The magnitudes of
the forces are equal.” A prompt to get the student to say “equal” would be “What are the
magnitudes of the forces of the two vehicles on each other?” As the learner expresses
information over many turns, the list of expectations is eventually covered and the main
question is scored as answered. Complete coverage of the answer requires AutoTutor to
have a pool of hints and prompts available to extract all of the content words, phrases, and
propositions in each expectation. AutoTutor adaptively selects those hints and prompts that
fill missing constituents and thereby achieves pattern completion.
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Human tutors and AutoTutor are dynamically adaptive to the learner in ways other
than coaching them to articulate expectations. There is the conversational goal of
correcting misconceptions that arise in the student’s responses. When the student articulates
a misconception, the tutor acknowledges the error and corrects it. There is another
conversational goal of giving feedback to the student on their contributions. For example,
the tutor gives short feedback on the quality of student contributions, as discussed earlier.
The tutor accommodates a mixed-initiative dialogue by attempting to answer the student’s
questions when the student is sufficiently inquisitive to ask questions. The tutor asks
counter-clarification questions (e.g., I don’t understand your question, so could you ask it in
another way?) when the tutor does not understand the student’s question. Tutors are
considered more adaptive to the student to the extent that they correct student
misconceptions, give correct feedback, answer student questions, and ask clarification
questions to insure the grounding of content. AutoTutor and other dialogue-based
intelligent tutoring systems implement these features of conversational responsiveness.
In addition to engaging in EMT dialogue, unskilled human tutors and AutoTutor
have a case-based learning foundation. That is, they present challenging problems for the
student to collaboratively reason with the tutor in route to an answer. The hope is that deep
learning eventually emerges after the student and tutor collaboratively attempt to solve a
large number of problems that vary in scope and sophistication. However, the cases are not
necessarily anchored in real life situations (Bransford, Browing, and Cocking, 2000)
because those problems require a lengthy process of science and engineering to design.
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The general message to be conveyed here is that sophisticated pedagogical
strategies are not generated by unskilled tutors, which is perhaps unsurprising because these
strategies are complex and took centuries to discover by scholars. However, it is a very
important finding to document because it is conceivable that deep learning could improve
tremendously by training human tutors and programming computer tutors to implement the
sophisticated strategies. It is a question for future research to determine whether it is
technically feasible for these strategies to be reliably implemented in computers and trained
human tutors. It is also an open question whether the strategies significantly improve
learning over and above the normal strategies of unskilled human tutors.
The pedagogical strategies of expert tutors are very similar to those of unskilled
tutors and computer tutors in most ways. However, Person et al. (2007) identified the a few
improvements in the pedagogy in the Expert Tutor corpus. The expert tutors did
occasionally implement modeling-scaffolding-fading, although the relative frequencies of
the dialogue moves for this pedagogical strategy were not high. One pedagogical strategy
evident in the Expert Tutor corpus was just-in-time direct instruction or mini-lectures when
the tutee was struggling with a particular conceptualization. These content-sensitive
lectures were sensitive to what the tutee was having trouble with rather than being routinely
delivered to all tutees. The expert tutors also appeared to differ from unskilled tutors on
meta-cognitive and meta-communicative dimensions, to which we now turn.
Meta-cognition
The essential question is whether the tutor has knowledge of the cognitive states of
the tutee. The tutor’s knowledge of the tutor’s own cognitive states is not directly relevant
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to this section; presumably the meta-cognitive proficiencies of tutors are equal or
occasionally higher than the tutees, particularly in the case of expert tutors. We would
hope that the tutor builds an accurate and detailed model of the cognitive states of the tutee,
or what is called the student model by researchers who develop intelligent tutoring systems.
Thus, the central question is how accurate and detailed the student model is that gets
constructed and used by the tutor.
There are reasons for being pessimistic about the quality of the student model that
tutors construct. A more realistic picture is that the tutor has only an approximate appraisal
of the cognitive states of tutees and that they formulate responses that do not require fine
tuning of the student model (Chi et al., 2004; Graesser et al., 1995). What is the evidence
for such claims? There are three sources of evidence. First, the short feedback to students
on the quality of the students’ contributions is often incorrect. For example, the short
feedback has a higher likelihood of being positive than negative after student contributions
that are vague or error-ridden (Graesser et al., 1995). Second, tutors do not have a high
likelihood of detecting misconceptions and error-ridden contributions of students (Chi,
Siler, & Jeong, 2004; VanLehn et al., 2007). Computer tutors also have a similar problem
of having difficulties detecting errors in verbal descriptions (Graesser, Hu, & McNamara,
2005). Third, tutors do not select new cases or problems to work on that are sensitive to the
abilities and knowledge deficits of students (Chi et al., in press). You would expect the
selection of problems to be tailored to the tutee’s profile according to the Goldilock’s
principle or zone of proximal development, i.e., not too easy or not too hard, but just right.
However, Chi et al. (in press) reported that there was no relation between problem selection
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and tutee’s profile. Data such as these lead one to conclude that tutors have a modest ability
to conduct student modeling. Perhaps the only student parameter that the tutor can reliably
handle is the verbosity of the tutee, namely the extent to which the express their ideas, as
measured in number of words. However, the depth of the tutee’s contributions is
apparently difficult to calibrate and the specific knowledge deficits extremely difficult to
identify. It may take intelligent tutoring systems to detect such subtleties and execute
context-sensitive adaptive responses to promote learning.
Tutors often fall prey to the illusion of student mastery, namely the belief that the
tutee has mastered much more than the tutee really has mastered. As discussed earlier in
this chapter, tutors often believe the students when they ask the comprehension-gauging
question “Do you understand?” and most students answer yes. The tutor often believes the
tutee has covered an expectation, even when the students’ contribution is vague or error
ridden. The tutors tend to miss misconceptions expressed by students. Tutors frequently
believe that the student has expressed a complete sentence-like expectations, even when the
student only articulates a couple of content words in the expectation. All of these findings
point in the direction that the tutor gives the student the benefit of the doubt with respect to
student modeling. They assume that the tutee has mastered whatever is said or covered in
the tutorial session, even though (a) much of what is covered in the dialogue is vague,
incomplete, and error-ridden and (b) the tutee does not understand much of what the tutor
expresses.
It is conceivable that expert tutors are more successful in detecting and tracking the
knowledge of the students (Person et al., 2007). This is manifested in the question asking
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analyses that Person et al. performed on the Expert Tutor corpus and compared to the
previously published studies on the Unskilled Tutor corpus (Graesser & Person, 1994;
Person & Graesser, 1999). Expert tutors and students ask proportionately more low
specificity questions (e.g., So?) and more common ground questions (e.g., So, I use the
Pythagorean theorem?) than tutors and students in non-expert sessions. We interpret these
findings to mean that expert tutors are more attuned to the needs of their students and have
established considerable common ground. If this were not the case, low specificity
questions (e.g., So?) would result in conversation breakdowns. As another form of evidence,
expert tutors are more dynamic in their instruction and do not rely on curriculum scripts.
Experts typically begin the tutoring sessions by figuring out the topics/problems that
students are having difficulty with and by asking questions about the students' performance
on quizzes, homework, and exams. After this data collection phase, the tutor decides where
to begin the session and what material will be covered. Expert tutors do not begin a session
with any pre-planned teaching agenda, but rather base their instruction on students’
particular needs at the time of the tutoring session.
One research question for the future addresses the fidelity of student modeling for
unskilled, expert, and computer tutors. Which of these classes of tutors is most accurate in
detecting the cognitive profile of the learners? How adaptive are the different tutors in
producing discourse moves to facilitate learning in individual tutees? It is likely that the
mental models of some students are so error-ridden and distorted that it would not be worth
the time for the tutor to unravel the pathological conceptual spaghetti. When this occurs, the
best the tutor can do is to model good reasoning and strategies. However, some students
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may have mental models that approximate some semblance of accuracy. These are the
students who might benefit from accurate student modeling and intelligent tutor responses.
Answers to these questions await further research.
Meta-communication
Speakers typically assume that the meaning of their messages is correctly transferred to
the minds of the addressees. In the tutoring context, knowledge transfer is successful when
the tutee understands whatever the tutor expresses in the discourse space. However, there
is abundant evidence, as we have discussed throughout this chapter, that tutees often do not
understand the subject matter and the discourse contributions expressed by the tutor. The
illusion of knowledge transfer occurs when the tutor assumes that the student understands
whatever the tutor says. A good tutor is aware of this potential illusion. A good tutor is
sufficiently skeptical of the tutee’s level understanding that the tutor trouble-shoots
potential communication breakdowns between the tutor and tutee. The tutor does this by
not trusting the tutee’s answer to comprehension gauging questions (Do you understand?)
and instead asking follow-up questions that verify the student’s understanding. This is
illustrated in the simple exchange below.
TUTOR: We know from Newton’s law that net force equals mass times acceleration.
This law ….
STUDENT: Yeah, that is Newton’s second law.
TUTOR: Do you get this?
STUDENT: Yeah. I know that one.
TUTOR: Okay, let’s make sure. Force equals mass times what?
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STUDENT: times velocity.
TUTOR: No, it’s mass times acceleration.
Students frequently have low domain knowledge so they do not reliably attend to,
understand, or remember what the tutor says. They have difficulty applying abstract
principles to concrete applications. Therefore, a good tutor should not fall prey to the
illusion of knowledge transfer. A good tutor assumes that the student understands very
little of what the tutor says and that knowledge transfer approaches zero. Person et al.
(2007) has reported that expert tutors are more likely to verify that the tutee understands
what the tutor expresses by asking follow up questions or giving follow-up troubleshooting problems.
Knowledge transfer is facilitated when the tutor gives accurate feedback on the
tutee’s contributions. As discussed earlier, unskilled tutors frequently give incorrect
feedback, as in the case of expressing more positive than negative short feedback after
vague or incorrect student contributions (Graesser et al., 1995). In contrast, Person et al
(2007) report that the expert tutors tend to give correct short feedback. Accountability of
student understanding is most successful when the tutor questions have precise specific
answers (as in mathematics) rather than a family of alternative imprecise answers (Person
et al., 1995). Therefore, a good tutor should ask some discriminating questions with ideal
answers that are sufficiently clear-cut that they can quickly diagnose incorrect student
understanding and misconceptions. Without such precise accountability of student
knowledge, it is unlikely that much communication is taking place in a tutoring session.
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Meta-emotion
As discussed earlier, emotions play a critical role in the learning process. Therefore,
it is presumably important for tutors to adopt pedagogical and motivational strategies that
are effectively coordinated with the students’ emotions (Issroff & del Soldato, 1996;
Lepper & Chabay, 1988; Lepper & Woolverton, 2002). Lepper, Drake, and O’Donnell
(1998) proposed an INSPIRE model to promote this integration. This model encourages the
tutor to nurture the tutee by being empathetic and attentive the to the tutee’s needs, to
assign tasks that are not too easy or difficult, to give indirect feedback on erroneous student
contributions rather than harsh feedback, to encourage the tutee to work hard and face
challenges, to empower the student with useful skills, and to pursue topics they are curious
about. One of the interesting tutor strategies is to assign an easy problem to the tutee, but
to claim that the problem is difficult and to encourage the student to give it a try anyways.
When the tutee readily solves the problem, the student builds self-confidence and selfefficacy in conquering difficult material (Winne, 2001; Zimmerman, 2001).
A tutor that is aware of the students’ affective states would be expected to
adaptively respond to their emotions during the course of enhancing learning. For example,
if the tutee is frustrated, the tutor might give hints to advance the tutee’s construction of
knowledge (Graesser, Rus, D’Mello, & Jackson, 2008) or make supportive empathetic
comments to enhance motivation (Burleson & Picard, 2004; Lepper et al., 1998; Lepper &
Woolverton, 2002). If the tutee is bored, a good tutor would present more engaging or
challenging problems for the tutee to work on. The tutor would probably want to lay low
and stay out the student’s way when the tutee is deeply engrossed in a state of flow
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(Csíkszentmihályi, 1990). The flow experience is believed to occur when the learning rate
is high and the student has achieved a high level of mastery at the region of proximal
learning (Metcalfe & Kornell, 2005). When the tutee is confused, there is variety of
productive paths for the tutor to pursue (D’Mello et al., 2007; Graesser et al., 2008). The
tutor could allow the student to continue being confused during the cognitive
disequilibrium; the student’s self-regulated thoughts might hopefully restore equilibrium.
Alternatively, after some period of time waiting for the student to progress, the tutor might
give indirect hints to nudge the tutee into more productive trajectories of thought.
Goleman (1995) stated in his book, Emotional Intelligence, that expert teachers are
able to recognize a student’s emotional state and respond in an appropriate manner that has
a positive impact on the learning process. Lepper and Woolverton (2002) have claimed that
it takes expertise in tutoring before accurate detection of learner emotions can be achieved.
This requirement of expertise is apparently quite important because, according to Lepper
and Woolverton (2002), roughly half of expert tutors’ interactions with the student are
focused on affective elements.
These important claims would be seriously limited if tutors are unable to detect the
affective states of the learner. Unfortunately, there is some evidence that humans untrained
in detecting emotions are not particularly adept at detecting the emotions of a learner. For
example, Graesser and colleagues conducted a study that assessed the reliability of emotion
judgments of tutees, untrained peers, and accomplished teachers (D’Mello, Taylor,
Davidson, & Graesser, 2008; Graesser et al., 2006). There were also two trained judges:
research assistants who were trained extensively on tutorial dialogue characteristics and
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how to detect facial action units according to Paul Ekman’s Facial Action Coding System
(Ekman & Friesen, 1978). The study involved 28 college students being tutored on
computer literacy with AutoTutor. Judgments were made on the basis of videos of the
participants face and screen that were recorded during the interaction.
The trained judges who are experienced in coding facial actions and tutorial
dialogue provided affective judgments that were reliable and that matched the learner’s self
reports better than the affect judgments of untrained peers and accomplished teachers.
Training on facial expressions apparently makes judges more mindful of relevant facial
features and transient facial movements. However, in many situations the face is not the
best indicator of the emotions of the learner. For example, while confusion and delight are
accompanied by animated facial expressions, the face is virtually expressionless during
expressions of boredom and flow (McDaniel et al., 2007; Craig, D’Mello, Witherspoon, &
Graesser, in press). Therefore, experience with tutorial dialogue is also an important
requirement for affect detection.
The finding that peers and teachers are not very accurate at classifying the emotions
of the learner has considerable implications for peer tutoring and expert tutors. One
potential advantage of peer tutoring is that there is no appreciable status difference between
peers, compared to when a teacher tutors a student or when an older tutor helps a younger
learner (Fuchs et al., 1994; Rogoff, 1990). There are several advantages of expert tutors
who construct more accurate models of student knowledge, provide more evaluative and
discriminating feedback, adapt their instructional strategies dynamically, and are more
direct and task-oriented (Person et al., 2007). However, the results of the studies on
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emotion tracking (D’Mello et al., 2008; Graesser et al., 2006) suggest that the inability to
detect the affective states of a learner might be a drawback of peer and teacher tutoring. We
are uncertain at this point on the importance of meta-affective abilities, status differences,
experience with domain knowledge, and pedagogy with respect to learning gains and
emotion tracking. Future research is needed to resolve this.
Summary
This chapter has discussed the meta-cognitive, meta-communicative, and metaaffective mechanisms that occur in one-one-one human tutoring. We examined these
capabilities from the perspective of both the tutor and the student. The typical unskilled
tutors that exist in K-12 and college do not have a sophisticated repertoire of tutoring
strategies that monitor the course of learning, such as building on pre-prerequisites,
modeling-scaffolding-fading, Socratic tutoring, and misconception diagnosis and repair.
These tutors are also limited in detecting the idiosyncratic cognitive and emotional profiles
of individual students, generating dialogue moves that adapt to these profiles in a
pedagogically sensitive manner, and incorporating most theoretical phases of metacognition and meta-affect. Instead, there is a strong tendency to follow curriculum scripts
and dialogue tactics that monitor expected correct information and anticipated errors.
Accomplished and trained tutors do exhibit a few enhancements in meta-knowledge, but
even these are limited. From the perspective of the student, there are well-documented
limitations in their ability to monitor and strategically augment their own knowledge and
learning, whereas a handful of studies have examined how well they detect and manage
their emotions. Given the limitations in the meta-cognitive, meta-communicative, and
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meta-affective capabilities in human tutoring, researchers are encouraged to increase their
efforts in building trainers, intelligent tutoring systems, and other learning environments
that attempt to improve these mechanisms.
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