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Abstract

One-on-one human tutoring has been shown to be a very effective method of instruction.
Many researchers have argued that good human tutors encourage knowledge construction by
getting students to do as much of the work as possible and to maintain a feeling of control,
while providing students with enough guidance to keep them from becoming too frustrated
or confused. So-called “Socratic tutoring” has been proposed as the best way to accomplish
these tasks. To implement Socratic tutoring in a dialogue-based ITS we must understand
it in terms of the features that characterize dialogue systems such as: dialogue strategies,
initiative management, dialogue acts, and turn taking. In this work we investigate initiative
in tutorial dialogue by comparing tutoring sessions with a Socratic style to sessions with a
didactic tutoring style. Results show that the Socratic dialogues were more interactive than
the didactic dialogues; on average students spoke more in the Socratic condition, and tutors
asked more questions and made fewer statements. Students learned more in the Socratic
condition but due to small student numbers this can only be regarded as a trend. Surprisingly,
students took more initiative in the didactic dialogues; unlike we expected, student initiative
was not the key element that makes Socratic tutoring effective.

keywords: initiative annotation, initiative analysis, tutorial dialogue

1 Introduction

Studies show that one-on-one human tutoring is more effective than other modes of instruction.
The average student who received one-on-one tutoring with an expert tutor scored 2 standard
deviations above the average student who received standard classroom instruction (Bloom, 1984).
Current intelligent tutorial systems relying on graphical user interfaces reliably produce effect sizes
of 1 standard deviation above students only receiving traditional instruction (Anderson, Corbett,
Koedinger, & Pelletier, 1995).

What is it about human tutoring that better facilitates learning? Many researchers argue that
it is the collaborative dialogue between student and tutor that promotes the learning (Merrill,
Reiser, & Landes, 1992a; Fox, 1993; Graesser, Person, & Magliano, 1995). Through collaborative
dialogue, tutors can intervene to ensure that errors are detected and repaired and that students
can work around impasses (Merrill, Reiser, Ranney, & Trafton, 1992b). Previous research has also
shown that students must be allowed to construct knowledge themselves to learn most effectively
(Chi, Bassok, Lewis, Reimann, & Glaser, 1989; Chi, de Leeuw, Chiu, & Lavancher, 1994; VanLehn,
Siler, Murray, & Baggett, 1998). The consensus from these studies is that experienced human
tutors maintain a delicate balance allowing students to do as much of the work as possible and to

*The research presented in this paper is supported by Grant #N00014-91-J-1694 from the Office of Naval
Research, Cognitive and Neural Sciences Division. Thanks to Jean Carletta and our reviewers for their comments
on this work.



maintain a feeling of control, while providing students with enough guidance to keep them from
becoming too frustrated or confused.

So-called “Socratic tutoring” has been proposed as the best way to accomplish these tasks.
But what are the features that characterize Socratic tutoring dialogues? To implement Socratic
tutoring in a dialogue-based ITS we must understand it in terms of the features that characterize
dialogue systems such as: dialogue strategies, initiative management, dialogue acts, and turn tak-
ing. In this paper, we explore the role of initiative in Socratic dialogue and study the relationship
between initiative and learning.

Our experimental paradigm consists of collecting dialogues between students and a Socratic
tutor (a tutor who asks questions instead of giving explanations) and contrasting them with
dialogues between a student and a didactic tutor (a tutor who gives explanations followed by
questions to test student understanding). Our hypotheses were that the Socratic sessions would
be more successful and the reason for their success would be that students were encouraged to
take more initiative.

2 Previous Work

2.1 Defining Initiative

Sinclair and Coulthard (1975) developed a dialogue grammar for classroom discussions. Their
minimal unit of dialogue is the exchange which is composed of an initiating move, an optional
responding move, and an optional feedback move. Whoever makes the initiating move is said to
have initiative for the exchange. Moves consist of an uninterrupted sequence of words by a speaker.
Moves have a structure of their own but we will discuss only the “head” element (primary function)
of moves. The head elements of initiating moves can be questions, directives, or informative
statements; informative statements are distinguished from replies in that their primary purpose
is to give information, not to respond. By primary purpose, we mean the function of the move as
mutually agreed upon by the dialogue participants.

Sinclair and Coulthard describe cases of “re-initiation” where the student replies incorrectly
and the original initiating question is reasked. When the tutor accepts the student answer then
the exchange is over. However, re-initiation does not capture all the ways an exchange can be
disrupted. Linell et al. (1988) discuss how a responder can ask for clarification, challenge the
speaker, and change topics as well as respond directly to an initiating move. Linell et al. do not
assign initiative directly to speakers but instead rank speaker moves based on how much “they can
be regarded as governing or steering the ensuing dialogue and as being governed or commanded by
the preceding dialogue” (p. 419). For example, an utterance which is not a response in any way
but requires a response from the listener is ranked highest with a value of six. Minimal responses
are at the other end of the scale (with a rank of two); they invite no response and give no more
information than required.

Shah (1997) defines student initiative more directly as “any contribution by the student that
attempts to change the course of the [tutoring] session” (p. 13). Shah’s goal was to study cases
where student behavior deviated from the tutor’s expectations as encoded in the tutor’s discourse
plan as defined in (Freedman, 1996). In terms of annotating student initiative, Shah takes a
practical approach tailored to her corpus of remediation dialogues. In these dialogues, tutors
would quiz students about the answers they gave during problem solving (rather than having
students self-explain or actually problem solve). In this corpus, student initiatives are student
utterances that are not answers to questions. Shah assumes that these initiatives are dealt with
exclusively by the next tutor speech act and that the tutor then takes back initiative. Thus, the
tutor always has initiative except during student initiatives and the tutor’s responses to those
initiatives.

Chu-Carroll and Brown (1998) state that it is important to differentiate initiative (they call it
dialogue initiative) from task initiative. They define dialogue initiative by stating that it “tracks



the lead in determining the current discourse focus” (p. 6)! and that task initiative “tracks the
lead in the development of the agents’ plan” (p. 6). Presumably, determining the discourse focus
means something like setting the discourse segment purpose in Grosz and Sidner’s (1986) theory
of discourse. What it means to take the lead in developing the agents’ plan depends on the plan
representation but informally can refer to adding or taking away actions from the plan, rearranging
actions, or setting parameters.

Although Chu-Carroll and Brown claim that dialogue and task initiative can be annotated di-
rectly from these definitions, it is worth noting that several research projects (Strayer & Heeman,
2001; Jordan & Di Eugenio, 1997; Doran, Aberdeen, Damianos, & Hirschman, 2001; Walker &
Whittaker, 1990) have adopted the dialogue-initiative annotation guidelines proposed in (Whit-
taker & Stenton, 1988). Whittaker and Stenton refer to dialogue initiative as control of the
dialogue and define rules for determining who has control (e.g., commands mean the speaker has
control, questions mean the speaker has control unless the question follows a previous question).

2.2 Studies of initiative in human-human corpora

Work in computational linguistics (Walker & Whittaker, 1990) has successfully used initiative
as a tool for dialogue analysis. Walker and Whittaker studied two dialogue genres, advisory
dialogues (ADs) and task oriented dialogues (TODs). In the ADs they examined, novices were
asking experts for help with either their finance or software problems. In the TODs, an expert was
guiding a novice through the construction of a water pump over the telephone or via keyboard
(chat). Walker and Whittaker labeled these dialogues for initiative based on the guidelines in
(Whittaker & Stenton, 1988).

In the TODs, most of the time the expert has initiative; the ADs have closer to an equal sharing
of initiative. In TODs, the expert had initiative 91% of the time while only having initiative 60%
of the time in finance ADs and 51% of the time in software ADs. This distribution reflects the fact
that in ADs, the user must provide the expert with details of the problem to be solved. The expert
would let the novice describe the problem in their own words rather than continually prompting
them for the information.

Another issue Walker and Whittaker investigated was how initiative was passed from one
speaker to another. Of particular interest are abdications, initiative changes marked by prompts
- utterances with no propositional content. They directly signal the listener to take initiative.
Abdications were more prevalent in the TODs; novices would interrupt experts to report problems
and then use abdications to signal the end of the interruption. The ADs were more collaborative
and replied less on abdications.

Shah (1997) investigated initiative in CIRCSIM dialogues, typed human-human tutoring di-
alogues dealing with the circulatory system. Her corpus consisted of students’ initial tutoring
session and a subsequent session with each of the same students. She labeled any student utter-
ance that was not an answer to a question as an initiative; these were then categorized based on
communicative goal (e.g., challenge, support, repair, request information). Shah found that the
initial sessions have twice the number of student initiatives as the set of subsequent sessions. The
nature of the student initiatives changes as well. The proportion of student initiatives associated
with confusion (long pauses and self repairs) decreases in subsequent sessions and the propor-
tion of challenges increases. Shah also looked at tutor reactions to student initiatives; she found
that tutors sometimes rejected student initiatives, but she did not investigate what triggered such
actions.

(Graesser & Person, 1994) labeled student questions (a subset of the initiatives studied by Shah)
in a corpus of tutoring sessions for a research methods course. Graesser and Person developed
a taxonomy of different question types. Of specific interest are deep-reasoning and knowledge
deficit questions. Deep-reasoning questions involve causal reasoning and hypothetical situations.
Knowledge deficit questions are triggered when a student realizes an inconsistency or gap in his
understanding or gets stuck on a problem. Graesser and Person found that in the first half of the

I The page numbers come from the digital version: http://citeseer.nj.nec.com/244268.html



course there was a negative correlation between overall number of student questions and exam
scores. In the second half of the course, there were positive correlations between exam scores
and the proportion of student questions that were deep-reasoning questions and the proportion of
student questions that were knowledge deficit questions.

Our study focused solely on initiative and did not address the difficult problem of categorizing
question semantics. Initiative is a noisy measure of student participation. Shallow questions such
as “What do I do next?” are treated the same as insightful questions such as “Is a load basically
the opposite of a source?”. Despite this interference, we hoped that high levels of initiative would
characterize students who took control of their learning and as a result scored well in the post
experiment, test.

3 Study of Socratic v. Didactic Tutoring

In our study we created a corpus of Socratic and didactic tutoring dialogues. The first hypothesis
to be tested was that the experimental manipulation was successful - that Socratic dialogues
were more interactive than the didactic dialogues. The second hypothesis was that the Socratic
dialogues were more successful in promoting learning. The third hypothesis was that more student
initiative is a critical part of what makes Socratic tutoring successful; although if the student
takes too much initiative we would expect performance to drop off based on studies indicating
the problems with unstructured exploratory learning (Pea & Kurland, 1984; Pirolli & Anderson,
1985).

3.1 Method

The setting for this study is a course on basic electricity and electronics developed with the VIVIDS
authoring tool (Munro, 1994). Students read textbook-style lessons and then perform labs using a
circuit simulator with a graphical interface. (Rosé, Moore, VanLehn, & Allbritton, 2000) describes
an experiment where students went through these lessons and labs with the guidance of a human
tutor. Before the lessons students were given pretests to gauge their initial knowledge. After two
tutoring sessions, students took the same tests again. We refer to the difference in their scores
as learning gain. There were three sets of tutoring sessions:?> (1) the trial sessions where the
tutor was not given any instructions on how to tutor, (2) the Socratic sessions where the tutor
was instructed not to give explanations and instead ask questions, and (3) the didactic sessions
where the tutor was encouraged to give explanations and then probe student understanding with
questions. During these sessions, the student and tutor communicated through a chat interface.
We will refer to the logs of this chat interface as the BEE dialogues. They are publicly available
at http://www.cogsci.ed.ac.uk/"~ jmoore/tutoring/BEE_corpus.html.

In section 2.1, we reviewed various definitions of initiative. From these definitions, we chose
Chu-Carroll and Brown’s (1998) definition of (dialogue) initiative. The alternative would be using
Linell et al’s definition of initiative (1988). It is not clear whether Chu-Carroll and Brown’s
description of initiative as setting the discourse segment purpose is superior to Linell et al.’s
dialogue move ranking. In the end, we chose Chu-Carroll and Brown’s definition because of the
availability of easy-to-use annotation guidelines (Whittaker & Stenton, 1988). Note, we do not
attempt to annotate task initiative here; in the discussion section we mention future work on
annotating scaffolding and question and answer types. This work should allow us to measure task
initiative as well.

In the rest of this section we give details of Whittaker and Stenton’s annotation guidelines.
Whittaker and Stenton define a set of rules for assigning initiative to every turn (uninterrupted
sequences of words by one speaker) in a dialogue. The turn must be classified into one of the
following types based on its main purpose:

e assertions — declarative turns used to state facts.

2By session, we mean all the dialogue between the tutor and one particular student.



e commands — turns intended to instigate action.
e questions — turns intended to elicit information.

e prompts — turns not expressing propositional content (e.g., “yeah”, “okay”).

We use the rules below to assign initiative. These are the same as the rules given by Whittaker
and Stenton except that we make the assumption that a statement following a question responds
to that question. See our corpus web page for more details.

if turn = command then speaker has initiative
if turn = question then
if last_turn = question or command then listener has initiative
else speaker has initiative
if turn = statement then
if last_turn = question then listener has initiative
else speaker has initiative
if turn = prompt then listener has initiative

A benefit of this annotation scheme is that in our corpus the majority of turns can be automat-
ically labeled: questions often ended in question marks; commands often started with verbs; a
list of common prompts (“okay”, “yeah”) allowed most of these to be labeled, and statement
could be used to label everything else.

We needed human annotators to correct the automatic labeling. One of the authors of the
paper and another annotator (not a project member) corrected the utterance type annotations
(the author only corrected 3 out of the 23 dialogues used in this study).

The annotators had a reference manual and trained on trial sessions of the dialogues. To test
interannotator reliability, the author and external annotator labeled the same 757 utterances of
non-training data; the resulting interannotator reliability as measured with the kappa statistic was
0.92. Generally, kappa values above 0.8 are considered acceptable and values between 0.8 and 0.67
marginal.> To download the annotation manual or get more details of the methodology consult
the web page, http://www.cogsci.ed.ac.uk/”jmoore/tutoring/BEE_corpus.html

3.2 Analyses and Results
3.2.1 Were the Socratic dialogues really Socratic?

Following the methodology of (Chi, Siler, Jeong, Yamauchi, & Hausmann, 2001), we verified that
the experimental manipulation was successful - that the Socratic dialogues were more interactive.
Chi et al. look at the pure quantity of language from student and tutor as well as the number of
moves such as self-explaining, giving feedback, asking a question, and scaffolding. We also started
by looking purely at the quantity of language output by the tutor and student. Our test data
consists of 23,451 words, 2853 utterances and 1547 turns of Socratic dialogue and 26,195 words,
2993 utterances, and 1378 turns of didactic dialogue.

We first focused on the number of words spoken, in particular, the percentage of words spoken
by the student. The average per session for the didactic dialogues was 26%; the average for the
Socratic dialogues was greater, 33% (t=2.26, df=18, p < 0.05). Another relevant statistic is the
average number of words per tutor utterance. The average per session for the didactic dialogues
was 9.42 words/utt and the average for the Socratic dialogues was less, 8.4 words/utt (t = 2.33,
df=18, p < 0.05).

Following Chi et al., we also look at the average number of utterances per turn; if the Socratic
dialogues were more interactive, then we should see fewer tutor utterances per turn. More tutor
utterances per turn would suggest long explanations. Indeed, the Socratic dialogues had a lower
average tutor utts/turn, 2.38 than the didactic dialogues, 3.02 (t = 4.9, df=18, p < 0.05).

3These guidelines are based on comments by Krippendorff (1980) (as summarized in (Carletta, 1996)). Krippen-

dorff considered the case of two annotated variables. He said that comparisons were reliable when the kappas for
those variables were above 0.8. If the kappas were between 0.6 and 0.8, then tentative conclusions can be drawn.




| Question | Statement | Command | Prompt
29% ‘ 47% ‘ 9% ‘ 15%

Didactic

Socratic 42% 34% 6% 18%

Table 1: Breakdown of Tutor Moves

| Question | Statement, | Prompt
15% 79% 6%
10% 88% 2%

Table 2: Breakdown of Student Moves

Although we do not have the detailed annotations of (Chi et al., 2001), we did annotate for
questions, statements, commands, and prompts. In Table 1, we see that tutors did ask
significantly more questions in the Socratic condition (t = 5.85, df=18, p < 0.001) and issue
significantly fewer statements (t = 4.16, df=18, p < 0.001). The differences in commands and
prompts are not significant (t = 1.99, df=18, NS and t=1.48, df=18, NS).

Table 2 shows a breakdown of student moves; student commands are not included because only
two occurred in the whole corpus. The difference between student questions in the two conditions
is not significant (t = 1.56, df=18, NS) nor is the difference between student prompts (t= 1.83,
df=18, NS). There is a significant difference between student statements in the two conditions
(t=2.27, df=18, p < .05) reflecting the earlier result that students spoke more in the Socratic
condition. Perhaps with more data the differences in questions and prompts would be greater.
Currently we cannot draw any conclusions from the breakdown of student moves.

Although this analysis is course grained, it will tend to blur the differences between Socratic
and didactic dialogues rather than create a false distinction. The fine grained analysis used in
(Chi et al., 2001) uses categories such as scaffolding and explanation. Scaffolding includes tutor
statements that hint rather than explain. In our analysis all statements are regarded equally.
Despite this fact, we do see a difference in the percentage of statements and questions made by
the tutor in the two conditions. This evidence along with the results on quantity of language
shows that the Socratic dialogues were more interactive.

Didactic
Socratic

3.2.2 Are Socratic dialogues more effective?

This analysis is reported on in (Rosé et al., 2000) and summarized below. In terms of raw learning
gain data, the Socratic dialogues were more effective; the effect size ([mean Socratic learning gain
- mean didactic learning gain]/standard deviation of didactic gain score) was 1 standard deviation
in favor of Socratic tutoring. Small student size means this result can only be taken as a trend as
verified using an ANCOVA with dialogue type as the independent variable, pre-test score as the
covariate, and post-test score as the dependent variable F(1,18) = 3.13; p < .1.

(Chi et al., 2001) also investigated the differences between Socratic and didactic tutoring. They
found that students performed equally well in the two conditions. However, a possible confound
in favor of didactic tutoring was that tutors when in the didactic condition sometimes gave away
post-test question answers in their explanations. Students tutored with the Socratic method had
to do more work to score equally well on the post-test.

Thus, the evidence favoring Socratic tutoring is weak and work still needs to be done to verify
its effectiveness. In the meantime, we can still analyze didactic and Socratic dialogues in terms of
the features that characterize dialogue systems, in particular, initiative management. Eventually
we will need to implement one of these two methods in our tutorial dialogue system and will need
to know how to manage initiative.

3.2.3 Initiative analysis

Our first analysis was to measure the average percentage of turns for which students had initiative
in the Socratic and didactic dialogues. Surprisingly, students had initiative for fewer turns on
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Figure 1: Learning Gain Comparisons

average (10%) in the Socratic dialogues than in the didactic dialogues (21%).* Informal analysis
of the dialogues showed that students did not take advantage of the fact that Socratic dialogues
were more interactive; they did not often take over the conversation. In the didactic dialogues, we
noticed more student questions (initiatives) following explanations than in the Socratic dialogues.
Perhaps the long explanations confused students.

We next tested the relationship between initiative and learning gain. Since initiative factored
more heavily in didactic dialogues we hypothesized that the degree to which students took initiative
might correlate negatively with learning gain. Since Socratic and didactic dialogues also differ in
interactivity, we tested the relationship between learning gain and the interactivity measures of
average percent of words and utterances spoken by the student and average percent of tutor
utterances that were questions. Figure 1 shows this data; the left graph shows that initiative
varies erratically as learning gain increases; there is no relationship (Pearson’s r=-.0689, n=23,
NS) between these variables. The left graph also shows average percentage of words spoken by
the student; it does have a relationship with learning gain (Pearson’sr = 0.6, n = 23, p < 0.005).
The right graph shows the relationship between percentage of utterances spoken by the student
and learning gain (Pearson’s r = 0.56, n = 23, p < 0.005), and the relationship between average
percentage of tutor utterances that were questions and learning gain (Pearson’s r = 0.46, n = 23,
p < 0.05). Since percentage of tutor utterances that were statements did not have a relationship
with learning gain (Pearson’s r = -.3143, n=23, NS), we did not plot these results. We focused on
tutor questions and statements because in section 3.2.1 we found significant differences between
the Socratic and didactic dialogues in these utterance types.

In section 2.2, we discussed the work of Walker and Whittaker on investigating initiative in the
genres of advisory dialogues (ADs) and task oriented dialogues (TODs). Walker and Whittaker
also investigated the difference between TODs in a spoken (telephone) modality and a typed
(computer chat) modality. The results of their study are shown in columns 3-6 of Table 3 and
the corresponding measures from our study are in columns 1 and 2. The Socratic dialogues have
almost the same average expert initiative as TODs. In the TODs, the expert would issue a series
of commands. In the Socratic dialogues the tutor was issuing a series of questions.

The second row of the table shows average percentage of initiative changes that were ab-
dications. Abdications are the use of prompts to give away initiative; these often occur after
interruptions® to signal the original speaker to continue. Walker and Whittaker noted that TODs
had more interruptions and thus more abdications in the spoken modality. However, the typed
TODs had fewer abdications than either the spoken TODs or the ADs. Modality has an impact
on how initiative is managed.

In the didactic and Socratic dialogues (both of which are typed) shown in columns 1 and 2,

4To analyze significance, we looked at average percentage of expert initiative per session rather than per corpus.
For the didactic dialogues, this average is 82% and for the Socratic dialogues it is greater 90% (t = 2.26, df=18, p
< 0.05 two-tailed.

5Walker and Whittaker define interruptions as taking the initiative without invitation. It does not refer to
interrupting the utterance of the other speaker.



| Didactic | Socratic | AD Finance | AD Software | TOD Phone | TOD Key

Abdication 2.32% 0.43% 38% 38% 45% 28%
Expert-Initiative - % of total turns with expert initiative
Abdication - % of initiative shifts that are abdications

Expert-Initiative 79% ‘ 90% 60% 51% ‘ 91% ‘ 91%

Table 3: Initiative Measures for six Corpora

we see that abdications are rarely used. A number of reasons are possible. In the typed TODs,
communication consisted of two simultaneously updated channels. In the tutoring dialogues,
participants would send each other short messages. This modality, typed text and restricted turn
taking might have reduced the number of abdications. Another possible factor is that students
in this study were relatively passive; the tutor could not rely on them to take initiative if she
uttered a prompt. The tutor’s initiative management also played a role. In our dialogues, after
the student took initiative, the tutor would address the student’s turn and then often take back
inititive not giving the student a chance to utter a prompt.

4 Discussion

Although we make some simplifying assumptions in annotating initiative, it is unlikely that a
more complex annotation scheme will change these results. Our two major assumptions are: (1)
questions following questions are assumed to be asking for clarification and not considered as
having initiative, and (2) all statements following questions are assumed to answer these questions
and are not considered as having initiative.

Although these assumptions are not always correct, defining a more precise annotation pro-
cedure is problematic. For some questions (e.g., “what time is it?”) annotators can agree what
statements are answers and what statements give more information than requested. For other
questions (e.g., “what causes current to flow?”) it is difficult to define a limited set of answers.
Questions following questions are similarly difficult to deal with. Factors such as the content of
the question, how many previous interruptions have occurred, and the response of the original
speaker impact whether the question is perceived as taking initiative. Each factor is vague (e.g.,
does the second interruption automatically take initiative?) and the interactions between them
not well defined.

A second point is the strength of the results. The statistics presented here verify that the aver-
age amount of student initiative was higher in the didactic condition. If we refine our definition of
initiative, it must change the data sufficiently such that the hypothesis that the didactic dialogues
have more initiative is no longer valid, and the change in data will need to be drastic enough to
verify the hypothesis that the Socratic dialogues have more initiative. Changing a few examples
where our annotation rules failed will not be sufficient.

In section 2.2 we described initiative as a noisy measure; all student questions are treated the
same no matter how deep or shallow. Thus, it seems likely that we simply need a finer measure
of active learning. Such a measure will also allow us to revisit the question - “Are the Socratic
dialogues really Socratic?”. We showed that the Socratic dialogues were more interactive but if
the tutor was asking mostly shallow questions then the dialogues should not be called Socratic.

The question taxonomy in (Graesser & Person, 1994) is one way to identify deep tutor and
student questions. (Jordan & Siler, 2002) suggests going further and classifying student answers.
Although a tutor may ask a shallow question the student may give more information than requested
acting as if a deep question had been asked.

We also plan to study scaffolding based on the results in (Chi et al., 2001). Chi et al. performed
a corpus collection similar to ours coming up with a set of didactic and Socratic dialogues. Learning
gain results for the two groups were indistinguishable but Chi et al. found that tutors when in the
didactic condition sometimes gave away post-test question answers in their explanations. Chi et
al. cite a greater amount of scaffolding episodes and a greater amount of student reading as the
reasons that the Socratic students were able to construct the answers that subjects in the didactic



sessions were simply told.

Although initiative did not turn out to be related directly to learning gain, we saw that
on average students had initiative for 10% of the time in Socratic dialogues and 21% of the
time in didactic dialogues. The question is whether successful tutorial dialogue is necessarily
mixed initiative. Currently most tutorial dialogue systems either never take initiative or never
allow the student to have initiative. Our hypothesis is that mixed-initiative systems would be
more successful. A dialogue system evaluation in the database retrieval domain (Chu-Carroll &
Nickerson, 2000) found that a mixed-initiative dialogue manager resulted in higher user satisfaction
and better task efficiency than a system-initiative dialogue manager.

This study does not say anything about user-initiative systems nor about the dialogue genre
of tutoring. Thus, we plan to run experiments with our machine tutor comparing both user and
system initiative dialogue management to mixed-initiative dialogue management. If our hypothesis
is correct and mixed-initiative tutors perform better, then further work must be done to determine
when tutors should take and give away initiative and what types of linguistic signals are used when
giving or taking initiative. The latter phenomenon can be complicated as participants may enter
into a negotiation subdialogue to settle who will take initiative.
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