Evaluating Cognitive Bias in Two-Party and Multi-Party
Spoken Interactions
Christina Alexandris
National and Kapodistrian University of Athens
calexandris@gs.uoa.gr

Abstract
Targeting to by-pass Cognitive Bias in two-party discussions
and interviews containing longer speech segments, a proposed semi-automatic procedure involves “taking the temperature” of a transcribed dialog by measuring the number of
detected points of possible tension and/or conflict between
speakers-participants.

Introduction
Human Computer Interaction (HCI) systems may assist in
the evaluation of complex Human-Human interaction, as in
the case of designed applications for journalists (Alexandris ,
Nottas and Cambourakis, 2015).
In spoken dialogs concerning complex interactions between speakers-participants -as in the case of spoken journalistic texts, there are aspects that can be evaluated by
semi-automatic or interactive procedures, targeting to bypass Cognitive Bias and there are aspects that can be evaluated by interactive procedures, targeting to register Cognitive Bias.
Unlike task-specific dialogs (Tung et al., 2013) and typical collaborative dialogs (Yang, Levow and Meng, 2012,
Wang et al., 2013), the Speech Acts performed by one or
multiple speakers-participants, often may involve complex
Illocutionary Acts beyond the defined framework of the interaction. Specifically, the Illocutionary Act (Searle,1969,
Austin, 1962) performed by the Speaker concerned may not
be restricted to “Obtaining Information Asked” or “Providing Information Asked” in a discussion or interview: Speakers-participants may have other or additional intentions regarding their presence and their role in the discussion or interview concerned. In the spoken journalistic texts concerned, Illocutionary Acts not restricted to “Obtaining Information Asked” or “Providing Information Asked” are related to other or additional Speaker intentions. For example,
a Speaker may focus in emphasizing opinion (or the policy

of the network concerned) or in (purposefully) creating tension in the interview or discussion. Furthermore, a consistent avoidance of the topics addressed may indicate that
the Speaker is more interested in showing a mere presence
in the discussion or interview, rather than sharing any information.
The existence of additional, “hidden” Illocutionary Acts
can be identified, by procedures evaluating the behavior of
speakers-participants in relation to specific values and
benchmarks. The presentation and calculation of these values allows the possibility of by-passing or registering Cognitive Bias. The Cognitive Bias by-passed or registered concerns primarily the evaluation of Cognitive Bias of (i) the
speakers-participants concerned but may also serve for the
evaluation of the Confidence Bias of (ii) the user-evaluator
of the recorded and transcribed discussion or interview.

By-Passing and Registering Cognitive Bias in
Multiple Speaker Discussions or in Short
Speech Segments
In smaller speech segments with constant and quick change
of speaker turns and with discourse structure compatible to
models where each participant selects self (Wilson, 2005,
Sacks, Schegloff, and Jefferson 1974), topic tracking (and
topic change) allows the evaluation of speaker behavior and
enables the identification of speaker’s intentions and Illocutionary Speech Acts performed (Searle,1969, Austin, 1962).
Topic tracking can be applied especially in short speech segments with two or multiple speakers -participants (Alexan dris, 2018). The content of relatively short utterances can be
summarized with the use of keywords chosen from each utterance by the user-evaluator (Alexandris, 2018), with the
assistance of the Stanford POS Tagger for the automatic signalization of nouns in each turn taken by the Speakers in the
respective segment in the dialog structure. The registered

and tracked keywords, treated as local variables, signalize
each topic and the relations between topics, since automatic
Rhetorical Structure Theory (RST) analysis procedures
(Stede, Taboada and Das, 2017, Zeldes, 2016) usually involves larger (written) texts and may not produce the required results.
The System generates a visual representation from the
user’s interaction, tracking the corresponding selected topickeywords in the dialog flow, as well as the chosen types of
relations between them. The interactive generation of registered paths is similar to the paths with generated sequences
of recognized keywords in spoken dialog systems, in the domains of consumer complaints and mobile phone services
call centers (Nottas et al., 2007, Floros and Mourouzidis,
2016). This function is similar to user-independent evaluations of spoken dialog systems (Williams, Asadi and Zweig,
2017) for by-passing User bias (Nass and Brave, 2005, Cohen, 1997). Keywords (topics) may be repeated or related to
a more general concept (or global variable) (Lewis, 2009) or
related to keywords (topics) concerning similar functions
(corresponding to the Repetition, Generalization and Association relations respectively and the visual representations
of Distances 1 (value “1”),2 (value “2”) and 3 (value “3”)
respectively) (Alexandris, 2018). A keyword involving a
new command or function is registered as a new topic (New
Topic, visual representation of Distance 4, corresponding to
value: “0”). The sequence of topics chosen by the user and
the perceived relations between them generates a “path” of
interaction, forming distinctive visual representations stored
in a database currently under development: Topics and
words generating diverse reactions and choices from users
result to the generation of different forms of generated visual representations for the same conversation and interaction (Alexandris, 2018).
The generated visual representations depict topics
avoided, introduced or repeatedly referred to by each
speaker-participant, and in specific types of cases may indicate the existence of additional, “hidden” Illocutionary Acts
other than “Obtaining Information Asked” or “Providing Information Asked” in a discussion or interview. Thus, the
evaluation of speaker-participant behavior targets to by-pass
Cognitive Bias, specifically, Confidence Bias (Hilbert ,
2012) of the user-evaluator, especially if multiple users evaluators may produce different forms of generated visual
representations for the same conversation and interaction
and compared to each other in the database. In this case,
chosen relations between topics may describe Lexical Bias,
(Trofimova, 2014) and may differ according to political, socio-cultural and linguistic characteristics of the user-evaluator, especially if international users are concerned (Yu et al.,
2010, Alexandris, 2010, Ma, 2010, Pan, 2000) due to to lack
of world knowledge of the language community involved
(Paltridge, 2012, Hatim, 1997, Wardhaugh, 1992). The en-

visioned further development of generated visual representations is their modeling in a form of graphs, similar to discourse trees (Marcu, 1999, Carlson, Marcu and Okurowski,
2001).

Evaluation and Benchmarks
The types of relations-distances between word-topics chosen by the user-evaluator are registered and counted. If the
number of (a) the “Repetitions” label or (b) the number of
the “Generalizations” or (c) the number of the “Topic
Switches” exceeds well over 50% of the registered relationsdistances between word-topics, the interaction is signalized
for further evaluation, containing Illocutionary Acts not restricted to “Obtaining Information Asked” or “Providing Information Asked”. The following benchmarks indicate interactions with Illocutionary Acts beyond the predefined
framework of the dialog for multiple Speaker discussions
and/or short speech segments, where Ds = Number of Distances and Sp = Number of Speaker turns:
• X= Ds ≤ Sp (calculating over 50% of “Repetitions” (Dis tance = 1, value “1”) ) or “Topic Switches” (Distance =
4, value “0”).
• X= Ds > Sp × Gen (Gen = Sp × 3 ÷ 2) (calculating over
50% of “Generalizations” (Distance = 3, value “3”).
These benchmarks for dialogs with short speech segments
can be referred to as “(Topic) Relevance” benchmarks with
a value of “X” or “Relevance (X)”.

By-Passing and Registering Cognitive Bias in
Two-Party Discussions and Interviews or in
Long Speech Segments
The further development of the database containing registered spoken interaction for determining and evaluating
Cognitive Bias in spoken journalistic texts (Alexandris ,
2018) involved the processing of discussions and interviews
containing larger speech segments. Similarly to the abovedescribed multiple speaker discussions and in short speech
segments, the Illocutionary Act performed by the Speaker
concerned may not be restricted to “Obtaining Information
Asked” or “Providing Information Asked” in a discussion or
interview.
In two-party discussions and interviews containing longer
speech segments, the discourse structure is more compatible
to turn-taking in “push-to-talk conversations”, with a strict
protocol in managing the interview or discussion and turn taking (Taboada, 2006). In this case, speakers-participants
usually not have the liberty of modifying or changing the
topic, resulting to the strategy of topic tracking being insufficient for the identification of speaker’s intentions. In larger
speech segments mostly occurring in interviews with a strict

protocol and a set of predefined topics, automatic Rhetorical
Structure Theory (RST) analysis procedures (Stede,
Taboada and Das, 2017, Zeldes, 2016) can be performed in
the transcribed text, with the condition that the speaker is
allowed sufficient time to elaborate on the topic in question.
The extent to which automatic RST analysis procedures can
be executed in the transcribed text indicates the degree of
collaborative interaction between the speakers -participants,
especially from the journalist-interviewer (referred to as
Speaker 1), since the speaker-participant is allocated enough
time to elaborate and/or argument on the topic concerned.
In the case of discussions and interviews containing larger
speech segments, the identification of speaker’s intentions
and “hidden” Illocutionary Act detection follows a process
locating points of possible tension and/or conflict between
speakers-participants. In points of possible tension and/or
conflict between speakers-participants, Cognitive Bias can
both be by-passed or registered. Cognitive Bias is by-passed
by signalizing and counting the points of possible tension
and/or conflict between speakers-participants henceforth referred to as “hotspots”. The signalization of “hotspots” is
based on the violation of the Quantity, Quality and Manner
Maxims of the Gricean Cooperativity Principle (Grice,
1975). Cognitive Bias is registered by comparing content of
the Speaker turns in the signalized “hotspots” and assigning
a respective value.

By-Passing Cognitive Bias: Automatic Signalization of “Hotspots” and the Gricean Cooperativity
Principle
Targeting to by-pass Cognitive Bias in two-party discussions and interviews containing longer speech segments , a
proposed semi-automatic procedure involves “taking the
temperature” of a transcribed dialog by measuring the number of detected points of possible tension and/or conflict between speakers-participants. These points are henceforth,
referred to as “hot spots” and concern in speech segments
where there is a recognition of speaker turns, namely a
switch between Speaker 1 and Speaker 2 by the Speech
recognition module of the transcription tool. The signalization of multiple “hot spots” indicates a more argumentative
than a collaborative interaction, even if speakers -participants display a calm and composed behavior. In particular,
the Illocutionary Act performed by the Speaker concerned
may not be restricted to “Obtaining Information Asked” or
“Providing Information Asked” in a discussion or interview.
A “hot spot” consists of the pair of utterances of both
speakers, namely a question-answer pair or a statement-response pair or any other type of relation between speaker
turns. In longer utterances, the first 60 words of the second
speaker’s (Speaker 2) utterance are processed (approximately 1 -3 sentences, depending on length, with the average sentence length of 15-20 words, (Cutts 2013) and the

last 60 words of the first speaker’s (Speaker 1) utterance are
processed (approximately 1 -3 sentences, depending on
length). The automatically signalized “hot spots” are extracted to a separate template for further processing. The extraction contains not only the detected segments but also the
complete utterances consisting of both speaker turns of
Speaker 1 and Speaker 2.
For a segment of speaker turns to be automatically identified as a “hot spot”, at least two of the following three conditions (1), (2) and (3) must apply to one or to both of the
speaker’s utterances, of which conditions (1), (2) are directly or indirectly related to flouting of Maxims of the Gricean Cooperative Principle (Grice, 1975). These conditions
are the following:
• (1) Additional, modifying features: In one or in both
speakers’ utterances in the segment of speaker turns there
is at least one phrase containing a sequence of two adjectives (ADJ ADJ) (a) or an adverb and an adjective (or
more adjectives) (b) (ADV ADJ) or two adverbs (ADV
ADV) (c). These forms of adjectival or adverbial phrases
are detectable with a POS Tagger (for example, the Stanford POS Tagger.
• (2) Reference to the interaction itself and to its participants with negation. In one or in both speakers’ utterances, the subject of the sentence containing the negation
is “I” or “you” ((I/You) “don’t”, “do not”,“cannot”) (a)
and in the verb phrase (VP) there is at least one speechrelated or behavior verb-stem referring to the dialog itself
(b) (for example, “speak”, “listen”, “guess”, “understand”). This applies to parts of speech other than verbs
(i.e. “guessing”, “listener”) as well as to words constituting parts of expressions related to speech or behavior
(“conclusions”, “words”, “mouth”, “polite”, “nonsense”,
“manners”). The different forms of negation are detectable with a POS Tagger. The respective words and word
categories may constitute a small set of entries in a specially created lexicon or may be retrieved from existing
databases or WordNets .
• (3) Prosodic emphasis and/or Exclamations. (a) Exclamations include expressions such as such as “Look”, “Wait”
and “Stop”. As in the above-described case (2), the respective words and word categories may constitute a
small set of entries in a specially created lexicon or may
be retrieved from existing databases or WordNets. (b)
Prosodic emphasis, detected in the speech processing
module, may occur in one or more of the above-described
words of categories (1a, 1b, 1c, 2a and 2b) or in the noun
or verb following (modified by) 1a, 1b and 1c.
In the case of 1a, 1b and 1c, there is extra information added
to the basic content of the utterance consisting the necessary
information required to fulfil the Gricean Cooperative Prin ciple in respect to the Maxim of Quantity. (“Do not make
your contribution more informative than is required “).
Here, the Speaker violates the Maxim of Quantity in the Gricean Cooperative Principle. In the case of 2a and 2b, the
Speaker perceives a violation of the Gricean Cooperative

Principle by the previous Speaker. In particular, the content
of the speaker’s utterance is not limited to the current topic
in question but refers to the dialog itself, mostly functioning
as a comment. Specifically, 2a and 2b imply a violation of
the Gricean Cooperative Principle in respect to the Maxim
of Quality (“1. Do not say what you believe to be false”, “2.
Do not say that for which you lack adequate evidence”)
(Grice, 1975) and/or in respect to the Maxim of Manner
(Submaxim 2. “Avoid ambiguity”) (Grice, 1975) in the utterance of the previous Speaker. In other words, in 2a and
2b, the Speaker considers the content of the previous
Speaker’s utterance to be unacceptable, ambiguous, false or
controversial.
The number of automatically signalized ”hot spots” indicates the degree in which discussions and interviews containing larger speech segments constitute dialog with many
points of tension and/or conflict. The average time of discussions and interviews containing larger speech segments
in the Media is 30 to 45 minutes (30-45 mins). A typical
example of a dialog with many detected points of possible
tension and/or conflict between speakers -participants is an
approximately 32 minute long interview with seven (7) registered “hot spots” (BBC (British Broadcasting Corporation): HARDtalk interview by journalist Stephen Sackur on
16th of April 2018). One or both speakers’ utterances may
display two or more of features (1), (2) and (3).

Evaluation and Benchmarks
The benchmark for evaluating a remarkable degree of tension in a discussion is signalized by multiple “hotspots” detected and not sporadic occurrences of “hotspots”. Thus, the
number of 1-2 “hotspot” occurrences in longer speech segments in question (30-45 mins) signalizes a low degree of
tension. A remarkable degree of tension in a 30-45 minute
discussion or interview is related to a number of at least 4
detected “hotspots” (where the number of 3 hotspots constitutes a marginal value). Considering the above, the benchmark for evaluating a remarkable degree of tension concerns
the calculation of the time of discussion / interview in the
Media (for example, 35 mins) and the number of signalized
”hot spots” (SPEECH SEGMENT-count) in Speaker turns.
The defined benchmark for evaluating Speaker behavior is
the number of minutes divided by the number of identified
speech segments signalized as “hot spots” which should
contain a single digit number, if the above-described minimal number of at least 4 detected “hotspots” is calculated.
For example, the acceptable values are “8.75”, “7” or, ideally, “5” (for a file of 35 minutes) versus “17.5” or “11.6”
(for a file of 35 minutes). Interactions with Illocutionary
Acts beyond the predefined framework of the dialog-discussion (with two speakers –participants and long speech segments) are based on the detected points of possible tension
and/or conflict indicated by the following benchmark, where

Y = wav file length in minutes divided by (÷) the number of
“hot spot” signalized speech segments:
• Y < 10.
• Example: File length = 35 mins, SPEECH SEGM ENT count: 5, Evaluation: 7.
These benchmarks for dialogs with long speech segments
can be referred to as “Tension” benchmarks with a value of
“Y” or “Tension (Y)”.

Registering Cognitive Bias: Interactive Comparison of Speaker Turns
The registration of Cognitive Bias concerns the comparison
of the actual content of the pair of utterances of Speaker 1
and Speaker 2 in the signalized “hot spots”. As stated above,
the automatically signalized ”hot spots” are extracted to a
separate template for interactive processing, where the “hot
spot” utterances of both speakers are compared. If the last
60 words (approximately 1 -3 sentences, with average sentence length of 15-20 words, (Cutts 2013) of the first
speaker’s utterance contain at least two of the above-described features (1), (2) and (3), the Quantity and Manner
Maxims of the Gricean Cooperative Principle (Grice, 1975)
are violated. Specifically, Cognitive Bias is registered by
comparing content of the Speaker turns in the signalized
“hotspots” and assigning the following respective values :
• (a) Each “hot spot” is marked with a (1,1) if both speakers’ utterances are considered equally non-collaborative.
• (b) If this is the case for one of the two speakers, in particular, Speaker 1, the “hot spot” is marked with a (1,0)
for Speaker 1 (in this case, the journalist-reporter). In this
case, the style of question or statement uttered is not considered acceptable- contains features violating the Gricean Cooperative Principle - in respect to the Maxim of
Manner or the Maxim of Quantity (Irony) or in respect to
the Maxim of Quality (content is considered false (“F”).
• (c) If this is the case for Speaker 2, the “hot spot” is
marked with a (0,1), if the interviewee’s (Speaker 2) reaction is not justified in respect to the style and content of
the utterance of Speaker 1.
• (d) If a “hot spot” speech segment is evaluated by the User
not as a point of possible tension and/or conflict between
speakers-participants, the false “hot spot” is marked with
a (0,0) for both Speakers.

Evaluation and Benchmarks
Both Speakers may have an equal number of a grading of
“1” in all extracted “hot spots” detected or one of the Speakers may have a slightly higher/lower or a considerably
higher/lower grading of “1”. A grading of “1” in 50% or
more of the “hot spots” signalizes that the Illocutionary Act
performed by the Speaker concerned is not restricted to “Obtaining Information Asked” or “Providing Informatio n

Asked”. Speaker behavior indicating that Illocutionary Acts
performed are not restricted to the predefined interaction
framework is evaluated by the following benchmarks, where
Z = the number of “hot spot” signalized speech segments
divided by (÷): 2 (50%):
• Sum of Speaker grades ≥ Z.
• Example: Evaluation of Speaker Behavior (Speaker 1 is
less collaborative than Speaker 2).
• SPEAKER1: (1), (1), (1), (0), (1).
• SPEAKER2: (0), (0), (1), (1), (0).
• File length: 35 mins: SPEECH-SEGM ENT-count “hot
spots”: 5 (sum of grades =6, 6 ≥ Z where Z = 2.5).
These benchmarks for dialogs with long speech segments
can be referred to as “Collaboration” benchmarks with a
value of “Z” or “Collaboration (Z)”.

Conclusions and Further Research
By-passing and registering Cognitive Bias in HCI systems
assisting in the evaluation of Human-Human interaction involves both automatic and interactive procedures. Interactive topic tracking in the dialog structure and automatic “hot
spot” generation involving points of tension and/or conflict
contribute to an evaluation of speakers -participants behavior
and intentions during the interaction.
The behavior and Cognitive Bias of (i) speakers -participants is evaluated in relation to the values of the “Relevance
(X)”, “Tension (Y)” and “Collaboration (Z)” benchmarks.
However, the same benchmarks may be used for evaluating
the Cognitive Bias- Confidence Bias of (ii) the user-evaluator of the recorded and transcribed discussion or interview.
Spoken dialogs concerning complex interactions between
speakers-participants are not limited to spoken journalistic
texts. As the variety and complexity of spoken HCI applications increases, Speech Acts performed by one or multiple
users-participants, even by the System itself, often may involve Illocutionary Acts beyond the predefined framewo rk
of a task-oriented dialog, especially in systems with emotion
recognition, virtual negotiation, psychological support or
decision-making.
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