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Foreword
This paper is about conversation, or how people talk, and the unit of analysis used to understand the organization of conversation, the turn.
The reason for writing this paper is to demonstrate that it is possible to systematically model and quantify conversation.
The author’s vision is that the ideas presented here will enable a computer to participate in conversational interactions, so naturally, that an outside observer will not be able to distinguish the computer from the human participants.
To teach a computer how to talk naturally, requires understanding how humans talk naturally. That’s why the concept of the turn is so important. We use them everyday when we carry on conversations in every imaginable social context; taking turns, waiting for turns, competing for turns, talking out of turn, talking so no one can get a "turn in edgewise" and so on. Turns are the key to modeling how conversation works, how conversation is organized. This paper focuses on explaining what turns are, how to recognize them, and how they organize into a larger unit of analysis called an "array".
It is my observation, that each individual has a unique pattern of turn-taking that identifies them in the same way a fingerprint does. This language fingerprint can be derived (and duplicated) using the methods defined in the paper. Once the language fingerprint is quantified and modeled, a computer can be programmed to simulate that communication style. 
The mode of analysis presented here is unique. It is based on close observation and careful analysis of the way people take turns while talking to one another. 
Introduction
Turn-taking is the fundamental organization of social interaction. Turn transition points are places in conversation when speaker change may or does occur. Turn transition points bound the fundamental conversational unit, the turn. Thus, a turn is a point in ones talk when another may or does speak. Specific criteria for recognizing the turn are defined below.
Arrays help in the understanding of how turns are organized. An array is a series of consecutive turns produced by one speaker and bounded by the turns of another. The method used in this paper allows us to recognize arrays. This approach also allows for the quantitative analysis for the distribution of turns. This analysis provides a means to 1) compare a conversation to some norm and 2) make a comparison between two conversations.
Methods: Tape-Recording, Transcription, and Reproducibility
Two transcribed conversations were used in this study. Each of the conversations are between two persons, a physician and a patient. Two physicians and thirty patients participated in the study. The tape-recordings were conducted in the doctor's examining room. The tape-recorders was turned on by a nurse before either the doctor or patient entered. The tape recorder ran continuously and was not turned off until much later in the day. This made it possible to record the entire verbal interaction from start to finish. Signed consent was obtained from all the subjects.
The tape-recording were transcribed based on our definition of a turn. Turns were assigned on the transcript when another may or did speak. Based on this definition of a turn the possibility for a single speaker to take several consecutive turns, in a series, or a row, exist. As observed from the data, the number of turns taken by a single speaker ranged from one turn to as many as fifteen turns. The transcript revealed that speakers took turns not only alternately but consecutively.
We ran a test to determine if turns could be reproducibly identified based on our definition of a turn. The test consisted of 1) explaining our criteria for recognizing turns and 2) instructing the subject to listen to the tape and indicate when turns were taken. This looks like making a transcript independent of the words. Approximately two hundred turns were reproducibly identified with 95% accuracy as compared to our transcripts.
Criteria for Recognizing Turns
We have defined a turn as a point in ones talk when an other may or does speak. The criteria for recognizing these points in a conversation are:
1. Pauses 
2. In-breath
3. Sentence intonation
4. Question intonation
5.Speaker change
Discussion of the Recognition Points
Pauses are silences in the conversation. A pause as short as 0.3 seconds is time enough for a person to take a turn in a conversation. This turn may be taken by any party to the conversation. In-breaths are points in a conversation when one stops talking to take a breath.
Sentence intonations are points in a conversation when a speaker's voice marks the end of a sentence.
Question intonations are points in the conversation when a speaker's voice marks the end of a question. 
In-breaths, sentence intonation, and question intonation are points when any party to the conversation may take a turn. 
Speaker changes are points in the conversation when some other party to the conversation does speak. Points in the conversation when speaker change does occur are points when turns are taken. Parts of conversation that do not fit into one of these categories are so infrequent that they do not effect our quantitative analysis.
Example of a Portion of the Transcript Showing Turns
# "H. 1 "
1. A. Mary nice to meet you
(.5 sec.) 
2. A. what could we do for you? 
3. B. we:ll
(1 sec.)
4. B. .hh um::the last I'd say three weeks.
(.5 sec.)
5. B. I've had
(1 sec.)
6. B. the : se
(.3 sec)
7. B. really sharp pains down in this area of my abdomen
8. B. .hh and they've
9. B. they've been up in this area too=but not so much as down here
10. B. .hhh and I've had a sharp pain under my left breast
11. A. m’k

The turns in this transcript portion are examples of:
1. A single speaker taking turns consecutively.
2. Speaker change
3. The five turn recognition criteria listed above.

Analysis of the Transcript:
In example one, a single speaker takes turns consecutively, at points when another may have spoken but did not. Lines 1 and 2 show speaker "A" taking two turns consecutively.

1. A. Mary nice to meet you
(.5 sec.)
2. A. what could we do for you?

Lines 3-10 show speaker "B" taking eight consecutive turns, in a row, serially produced:
3. B. we:ll
(1 sec.)
4. B: .hh um::the last I'd say three weeks.
(.5 sec.)
5. B. I've had
(1 sec.) 
6. B. the: se
(.3 sec.)
7. B. really sharp pains down in this area of my abdomen
8. B. .hh and they've
(.5 sec.)
9. B. they've been up in this area too=but not so much as down here
10. B. .hhh and I've had a sharp pain under my left breast
11. A. m’k

Lines 2 to 3 show an A to B speaker change, and lines 10-11 show a B to A speaker change.

All five turn recognition criteria are present and identifiable from this transcript portion. Pauses are identified by parenthesis. The length of the pauses is measured in tenths of a second and located within the parenthesis. In-breaths are indicated by the symbol, ".hh", and the length of the in-breath is approximated by the number of hhh's. Sentence intonation is indicated by a period at the end of an utterance. Question intonation is indicated by a question mark at the end of an utterance. Speaker change is located in the transcript by an A to B transition or a B to A transition.

Data Analysis
A sequence of objects, numbers, events etc. may be analyzed by the Runs Test to determine whether or not the sequence is random. A sequence could be derived by flipping a coin e.g., H,T,H,H, T,T,T,T,H,T, or by recording the turns taken in a doctor-patient conversation as we have done e.g. D,D,P,P,P,P,D,D,P,D.

We tested two different conversations. In conversation #1 the doctor took 187 turns, the patient took 159 turns and there were 186 speaker transitions (D-P or P-D). The turn sequence in this conversation was found to be random for a two-tailed test at the 95S confidence level. In conversation #2, the doctor took 319 turns, the patient took 302 turns, and there were 386 turn transitions. This turn sequence was found to be non-random. In order to be random the number of turn transitions should have been between 287 and 336. Therefore, there were more transitions than would be expected at random.

Given our limited data base, interpretation of the statistical analysis is speculative. However, it is clear that variety of experiments could be designed. For instance, is turn-taking more likely to be random in social situation "A". than in situation "B"? Is turn-taking different in different cultures or languages? Given an independent measure of information exchange, is random or non-random turn-taking a more efficient system?

Conclusions
Turns are a fundamental construction unit of conversation, which can be reproducibly recognized and statistically analyzed. Turns are most often marked by a pause in conversation but can also be recognized by in-breaths, intonation, and speaker change. Having recognized turns as units of conversation, the turn organization is more elaborate than the A,B,A,B,A,B, system which results from turns being defined by speaker change. Instead, we can recognize arrays where a speaker takes a series of consecutive turns.

Arrays may have a particular function in a conversation but they are also a consequence of a randomly occurring sequence of events. In the two conversations we have analyzed one was non-random and it contained fewer arrays than would be expected during a random sequence. A useable, a prior, norm is that turn-taking occurs at random and a conversation can be compared to this norm. Alternatively, one could compare two conversations.

Conversational interaction is made up of many irregularities such as; speakers who never take a turn despite the discomfort of extended pauses; speakers who take too many turns such that it is impossible to get "a word in edgewise," etc. The methodology described here provides a means to quantitatively recognize and analyze the way conversation is organized.
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