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Abstract

books. Between 2010 and 2018 PubMed repositories increased from more than 20 million citations for biomedical literature (Lu, 2011) to more
than 28 million2 . As a consequence, it has become extremely challenging for biomedical scientists to keep current with information in their
fields. This challenge has attracted Natural Language Processing researchers to develop resources
and automated tools for performing various tasks
in Information Extraction and Text Mining using
online corpora of biomedical articles, and thus enable biomedical researchers to better manage and
exploit this volume of data (Hunter and Cohen,
2006).
The types of tasks currently handled by
Biomedical Natural Language Processing
(BioNLP) systems have generally been aimed
at extracting very specific and limited information, for example, protein and gene names
and relations (Cohen and Demner-Fushman,
2014), and so have been able to rely on relatively
simple forms of information extraction. Although
these approaches fulfil some information needs,
more in-depth and comprehensive information
contained in biomedical texts would be highly
valuable to scientists. This type of information
can enable validating scientific claims, tracing
current research directions, reproducing scientific
procedures, and so forth. Recently, a new and
more challenging information extraction task has
been introduced as a means of obtaining this type
of information: identifying the argumentation
structure in biomedical articles (e.g., (Green,
2014, 2015)).
The essence of argumentation can be considered
as influencing others to gain their adherence to
a particular idea (Perelman and Olbrechts-Tyteca,
1973). Arguments have an explicit logical structure, for example, claims that are backed with reasons, which in turn are supported by evidence,

This paper focuses on the real world application of scientific writing and on determining
rhetorical moves, an important step in establishing the argument structure of biomedical
articles. Using the observation that the structure of scholarly writing in laboratory-based
experimental sciences closely follows laboratory procedures, we examine most closely the
Methods section of the texts and adopt an approach of identifying rhetorical moves that are
procedure-oriented. We also propose a verbcentric frame semantics with an effective set
of semantic roles in order to support the analysis. These components are designed to support
a computational model that extends a promising proposal of appropriate rhetorical moves
for this domain, but one which is merely descriptive. Our work also contributes to the
understanding of argument-related annotation
schemes. In particular, we conduct a detailed
study with human annotators to confirm that
our selection of semantic roles is effective in
determining the underlying rhetorical structure
of existing biomedical articles in an extensive
dataset. The annotated dataset that we produce
provides the important knowledge needed for
our ultimate goal of analyzing biochemistry
articles.

1

Introduction

Scientists must routinely review the scholarly literature in their fields to keep abreast of current
advances and to retrieve information relevant to
their research. However, the volume of online scientific literature is immense, and rapidly increasing. In the biomedical field, the National Center for Biotechnology Information (NCBI) developed a literature search engine, PubMed1 , to access various databases such as MEDLINE (journal citations and abstracts for biomedical literature), full-text life science e-journals, and online
1
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leading to conclusions (Toulmin, 2003). Argumentation analysis is the recognition and identification of the different forms of argumentative
structures in texts. Various studies have used recurrent patterns of text organization called rhetorical moves (i.e., text segments that are rhetorical and perform specific communicative goals)
to analyze argumentative organization of texts
manually (Swales, 1990) or automatically (Teufel
and Moens, 2002). Swales’ CARS model targets the Introduction section3 of scientific articles. Teufel’s interests are concentrated on rhetorical moves associated with defining the research
space and suggesting the knowledge claims for
computational linguistics and chemistry articles
(Teufel, 2010). Kanoksilapatham (2003) adds to
these works by providing the first comprehensive
set of rhetorical moves for complete biochemistry
articles.
With our long-term goal being analyzing argumentation in biochemistry articles, our mid-term
research goal is to provide a computational model
for Kanoksilapatham’s descriptive rhetorical move
taxonomy. Our research agenda is to design algorithms which would produce a representation of
rhetorical moves in a biochemistry article and in
this paper we outline the proposed semantic categories to be used, and discuss how we were able to
guide human annotators to provide their interpretations of the analysis (to later be used as a gold
standard in order to test our solutions).
Initially, our focus is on the Methods section of
the taxonomy since this provides a description of
the procedures followed in the experiment and the
analysis of the results of the experiment thereby
giving a framework for analyzing the moves in the
remainder of the article. Because the experimental
process is procedural, the moves tend to follow the
verbs describing the steps in the experimental process. In other words, argumentation structure and
scientific method both consist of rhetorical moves
and experimental process, respectively. When a
scientist describes her/his method in the writen article, it contains a list of experimental steps which
are described by verbs (actions). These verbs
evoke (initiate) the rhetorical moves in the writing.
To understand the moves, we need information
about the semantic roles associated with these procedural verbs. Two well known databases contain-

ing semantic role information, Framenet (Baker
et al., 1998) and Verbnet (Schuler, 2005), do not
provide the information appropriate for the verbs
found in this scientific domain. Our goal is to provide FrameNet and VerbNet-like information for
the specialized domain of biochemistry.
So, the focus of this paper is to introduce the
semantic roles that we are proposing for this domain, some of which are the same as those normally found and some which are new and we suggest are required for this domain. With these semantic roles and the Methods section rhetorical
moves, we have begun annotating a corpus of the
Methods sections from biochemistry articles. The
annotation consists of the semantic roles and the
rhetorical moves associated with each verb.
The paper is structured as follows: First, an
overview of some theoretical and computational
approaches to argumentation are presented in Section 2. Then, our proposed approach to argumentation analysis is described in Section 3. Next, a
description of our annotation scheme is given in
Section 4. A description of an annotation study
conducted along with the creation of a dataset is
given in Section 5. Finally, the future work and a
conclusion of this paper is given in Section 6.

2
2.1

Related Work
Theoretical Approaches to Rhetorical
Moves and Argumentation

Swales (1990) proposed the Create-A-ResearchSpace (CARS) model that uses intuition about
the argumentative structure of scientific research
articles. Swales defined rhetorical moves as
text segments that convey communicative goals.
However, despite the widespread influence of
the CARS model, some researchers observed
two problems: (i) the inconsistent assignment of
rhetorical moves to text segments because the
identification of the rhetorical moves relies on
overall text comprehension, and (ii) a lack of
empirical validation of moves in linguistic terms
(Kanoksilapatham, 2003).
To overcome these problems, Kanoksilapatham
(2003) advanced Swales’ approach to move analysis by developing a framework that combines
his original CARS model with the use of Biber’s
(1991) multidimensional analysis to enrich the
model with additional information about linguistic
characteristics. Although Kanoksilapatham provides an extension to the Swales move analysis

3

Experimental articles in the biomedical sciences are normally organized in the IMRaD style: Introduction, Methods,
Results, and Discussion.
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computationally for in-depth argumentation analysis and mining.
Another problem in identifying argumentative
elements is that relatively few biomedical related
corpora annotated with argumentation structures
currently exist for use in training or evaluating Machine Learning classifiers.4 This has encouraged
researchers to begin developing annotated corpora
for use by the Computational Argumentation community ((Green, 2014, 2015), in particular).
Green (2014) proposed a plan for creating an
annotated corpus of biomedical genetics research
articles. Importantly, in justifying the need for
such a corpus, Green strongly argued for domain knowledge as a requisite of argumentation
recognition in the experimental sciences. Green
(2015) specified a set of argumentation schemes
for scientific claims in genetics research articles.
The author used a corpus of unannotated genetics
research articles, and identified the components
(e.g., premises, conclusions) of an argument as
well as its type of scheme. Overall, the author’s
ultimate goal for this initial study was to develop
annotation guidelines for creating corpora for argumentation mining research.
None of these previous approaches to automated argumentation analysis and mining provided a formal knowledge representation that
could be used in detecting and recognizing argumentative elements. We believe that developing a formal representational framework based on
verb semantics in procedural scientific discourse
will enable a more in-depth analysis of argumentative elements in a computationally feasible manner. We intend to provide such knowledge for the
biochemistry domain to achieve this goal. This
paper discusses the annotation of a corpus of biochemistry text, the first step in this longer term enterprise.

study and attempted a validation of these moves
in biochemistry articles, she only provides a descriptive analysis about rhetorical moves without
defining an explicit method for analyzing and recognizing these moves in texts.
2.2

Annotating Rhetorical Moves and
Argumentation Schemes

Argumentative Zoning (AZ) was developed by
Teufel and Moens (1999) to categorize sentences
based on their contextual information (e.g., determining authorship of knowledge claims). The AZ
scheme classifies sentences into seven categories
including the ones from the CARS model (Swales,
1990). The data set consisted of 48 computational
linguistic papers. Three annotators were involved
in the study to extract sentences that fell into these
seven categories. The results showed kappa scores
of 83% and 82% between the annotators in the first
and second schemes, respectively. The AZ scheme
was later modified to suit the characteristics of biology articles (Mizuta et al., 2006). Furthermore,
Teufel et al. (2009) and Teufel (2010) proposed a
revised version of AZ to include more categories
for annotating scientific articles such as chemistry.
This revised version was planned to model all experimental sciences, which is challenging, since
the style of scientific writing varies across disciplines. Most recently, Teufel (2015) has proposed
a modified version of AZ to recognize rhetorical
moves in scientific articles.
Liakata et al. (2012) developed an annotation
scheme called Core Scientific Concepts (CoreSC)
to classify sentences into scientific categories
(e.g., “related to author’s other work”). The authors use Machine Learning classifiers (i.e., Conditional Random Fields and Support Vector Machines) to automatically classify sentences into
the CoreSC categories. The data set consisted of
265 biochemistry and chemistry articles. The authors were only able to achieve an accuracy around
50% in categorizing sentences in the appropriate
CoreSC scientific categories indicating that this is
a very difficult task.
Overall, these different approaches based on argumentation theories for analyzing and recognizing argumentative elements, including move analysis ((Kanoksilapatham, 2003) (Swales, 1990)),
argumentative zoning (Teufel et al., 1999), and
epistemic topoi (Gladkova, 2011), lacked a formal
knowledge representation which could be used

3

Procedurally Rhetorical Verb-centric
Frame Semantics

In this research we will work on the biochemistry
domain to develop a formal knowledge representation, procedurally rhetorical verb-centric frame
semantics, that can be used for in-depth argumen4
We note, however, increasing attention to this concern,
with the design of such corpora as The Internet Argument
Corpus (IAC) for research in political debates on internet
forums (Walker et al., 2012) and the Dr. Inventor MultiLayer Scientific Corpus (DRI) for computer graphics articles
(Lauscher et al., 2018).
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tation analysis, is computationally feasible to implement, and will enable argumentation mining
of more-detailed scientific knowledge than is currently available. This will be an important step towards providing researchers in Computational Argumentation working in domains with similar discourse structure with a means of using and evaluating the metrics we will develop. To the best of
our knowledge, no research has proposed or incorporated the idea of a semantic frame based on verb
analysis to assist in the analysis of argumentation
in biochemistry articles.
We have introduced various methods for detecting rhetorical moves in Section 2. We hypothesize that recognizing and detecting rhetorical moves would provide additional information
to our framework of argumentation analysis. We
also hypothesize that the Methods sections in biochemistry articles contain rhetorical moves which
can be correlated with the author’s experimental
procedures. These moves can be used to determine salient information about the elements of the
article’s argumentative structure (e.g., premises)
and can contribute to the overall understanding
of the author’s scientific claims. A key aspect
of our hypothesis is that development of a framebased knowledge representation can be based on
the semantics of the verbs associated with these
procedures. This representation can provide detailed knowledge for understanding these rhetorical moves, which will in turn facilitate analysis of
argumentation structure. In other words, we propose that a procedurally rhetorical verb-centric
frame semantics can be used to obtain a deeper
analysis of sentence meaning than is currently the
case with simple methods of Information Extraction (e.g., shallow syntactic pattern) and in a computationally feasible manner. Hence our focus on
this critical section as a starting point for confirming the value of our chosen model for rhetorical
moves and semantic roles.
Scientific argument5 is defined as a process that
scientists follow by using certain procedures to
obtain empirical data which will either support
or defeat their claims, hence leading to the intended conclusion. The strength of a scientific argument depends on its reproducibility and consistency. For a scientific argument to be strong, a
scientist should identify and explain all the proce-

dures in their experiment, i.e., reproducibility, so
that another researcher who follows the same procedures will reach the same conclusion, i.e., consistency. Thus, for a well-constructed scientific article, a scientist should expect the same conclusion
if she follows the same procedures in the same sequence as described in the Methods section.
Scientific writing in the biochemistry domain
has certain characteristics that made it ideal for our
purposes. In this domain, experimental procedures
describe the sequence of actions the biochemist
performs to carry out an experiment to derive scientific conclusions, to demonstrate science experiments as can be seen in the experimental manuals (e.g., (Boyer, 2012; Sambrook and Russell,
2001)). Verbs play an essential role as indicators
of these experimental procedures. These procedures can be viewed as corresponding to the elements of the scientific argumentation structure.
For example, when examining a biological substance (e.g., a certain type of bacteria) in order
to prove a hypothesis (e.g., this bacteria is correlated with a certain disease) the biochemist would
perform a sequence of certain procedures to arrive at a conclusion. Essentially, biochemists create an argumentation framework through the scientific methodology they follow—how they perform their experiments is how they argue. We can
observe that this genre— biochemistry articles—is
procedure-oriented since the scientific procedures
that are described are parallel to the scientific argumentation in the text. For example:
Example 1 “Beads with bound proteins were
washed six times (for 10 min under rotation at 4
C) with pulldown buffer and proteins harvested in
SDS-sample buffer, separated by SDS-PAGE, and
analyzed by autoradiography.” (Ester and Uetz,
2008).
In this example, the verbs “washed”, “harvested”, “separated”, and “analyzed” are used to
illustrate the procedure steps in sequential order.
Such an experiment can be reproduced if one follows these steps.
Fillmore (1976) introduced the notion of frame
semantics as a theory of meaning. A semantic frame is defined as ‘any coherent individuatable perception, memory, experience, action or
object’ by Fillmore (1977), in other words, coherently structured concepts that are related to
each other to represent a complete knowledge of
world events or experiences. For example, to un-
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event is different from our definition of an experimental event. On the one hand, a bio-event is
concerned with detection of bio-molecular events
within the biomedical literature, such as the identification of events that are related to given proteins (Thompson et al., 2008). In our case, an experimental event is concerned with processes and
procedures that are used to investigate biological
events. The experimental event is also concerned
with the recognition of the biochemist’s reasoning
of standard biochemical procedures such as using
certain instruments or specific biological materials. Our annotation scheme consists of two tiers
of information. A rhetorical move is on the sentence or clause level while semantic role is on the
word or phrase level. The following subsections
describe these two tiers of information.
Annotators are allowed to select the text span
for labeling units (e.g., rhetorical moves and semantic roles) with some constraints as follows:

derstand the word “buy”, one would access the
knowledge contained in the commercial transaction frame which includes words such as the person who buys the goods (buyer), the goods that are
being sold (goods), the person who sells the goods
(seller), and the currency that the buyer and seller
agree on (money).
Following Fillmore’s theory of frame semantics, FrameNet (Baker et al., 1998) was developed
to create an online lexical resource for English.
This framework includes more than 170,000 manually annotated sentences and 10,000 words. The
computational linguistics community has been attracted to the concept of frame semantics and has
developed computational resources using this concept, such as VerbNet (Schuler, 2005), an on-line
verb lexicon for English and PropBank (Palmer
et al., 2005), an annotated corpus with basic semantic propositions.
Following the notion of frame semantics, we
propose to build a knowledge representation
framework to analyze verbs in a procedureoriented genre. Our concept of procedurally
rhetorical verb-centric frame semantics is intended to address this lack of a formal framework
by developing a computationally feasible knowledge representation that will enable argumentation
analysis. The knowledge contained in the frame
semantics will facilitate the extraction of elements
of arguments, i.e., argumentation mining. To reiterate, our hypothesis is that procedurally rhetorical
verb-centric frame semantics can provide a knowledge representation framework for analyzing and
representing the meanings of the verbs used in biochemistry articles. In turn, these frames will facilitate the identification of argumentation structure in
the discourse describing experimental procedures
by highlighting the important steps in the experiment which are used to argue for the author’s
claims.

4

1. For a sentence or clause to be qualified as a
rhetorical move, it must include a main verb
and stand on its own. For example:
Example 2 “Beads with bound proteins
were washed six times (for 10 min under rotation at 4◦ C) with pulldown buffer ...” (Ester
and Uetz, 2008).
2. A sentence or clause that is qualified as a
rhetorical move, it should have at least one
or more semantic roles. Given the previous
example, one could label the sentence as follows: - “Beads with bound proteins” as a
theme - “were washed” as a predicate, - “six
times”, “for 10 min”, “under rotation”, and
“at 4◦ C” as protocol-details (repetition, time,
condition, and temperature respectively).
4.1

Annotation for Rhetorical Moves

We have developed a set of rhetorical moves
following Kanoksilapatham’s (2003; 2005) work.
That is, we have adapted and modified some
of Kanoksilapatham’s moves, as well as adding
new more fine-grained moves to our annotation
scheme. In combination, there are four major
rhetorical moves concerned with the Methods section in biochemistry articles as can be seen in Table 1.
The clause given in Example 2, which is part
of a complete sentence that contains several verbs,
should be labeled as “Description-of-method”.

Annotation Scheme for Experimental
Events

We have developed a new annotation scheme for
identifying the structured representation of knowledge in a set of sentences describing the experimental procedures in the Method sections of biochemical articles. Several researchers have developed other forms of schemes (e.g., “bio-events”
(Thompson et al., 2008)) to extract biological information (e.g., gene regulation). However, a bio117

Move type
Description-ofmethod
Appeal-toauthority
Background information

Source-ofmaterials

Definition
Concerned with sentences that describe experimental events.
Concerned with sentences that discuss the use of well-established methods.
Concerned with all background information for the experimental events
such as “method justification, comment, or observation, exclusion of
data, approval of use of human tissue” as defined by Kanoksilapatham
(2003).
Concerned with the use of certain biological materials in the experimental events.

Table 1: Rhetorical Moves in the Method Sections of Biochemistry Articles

Semantic role
Agent
Patient
Predicate
Theme
Goal
Factitive
Location
Protocol-Detail:
Time
Temperature
Condition
Repetition
Buffer
Cofactor
Instrument:
Change
Measure
Observe
Maintain
Catalyst
Reference
Mathematical

Definition
Generally a human or an animate subject.
Participants that have undergone a process.
A word that initiates the frame.
Participants in a location or undergoing a change of location.
Identifies a thing toward which an action is directed or a place to which something
moves.
A referent that results from the action or state identified by a verb.
The physical place where the experiments took place.
Identifies the time or a duration of an experimental process.
Identifies the temperature of an experimental process.
Identifies the condition of how an experimental process is performed.
Identifies the number of times an experimental process is repeated.
Identifies the buffer that was used in an experimental process.
Identifies the cofactor that was used in an experimental process.
Describes objects (or forces) that come in contact with an object and cause some
change.
Describes an object or protocol that can measure another object(s).
Describes an object which can be used to observe another object(s).
Describes an object or protocol which can be used to maintain the state of object(s).
Describes an object that can be used as a catalytic “facilitator” for an experimental
event to occur.
Refers to a method or protocol that is being used.
Describes a mathematical or computational instrument

Table 2: Semantic Roles in the Annotation Scheme of our Experimental Event
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4.2

Annotation for Semantic Roles

annotators classify each sentence into its proper
category. This task is done for semantic role labeling at the word level and rhetorical move labeling
at the sentence level. We further supplemented the
guidelines with a list of common co-factors and
buffers that are normally used in the experimental
procedures. Essentially, each annotator is asked to
read the guidelines and if at any point she/he has
a question or needs clarification, we can illustrate
by providing more examples. We set up a meeting
with the annotators either by Skype or in person
to answer their questions. In fact, the guidelines
have been revised and updated several times to reflect the annotators’ feedback.
Our plan is to hire experts in the biomedical domain to label the Methods section in all of the articles in our dataset using our annotation scheme.
Due to resource limitations, only 5% of the total number of articles have been annotated by two
annotators, to date. We have hired ten annotators with a variety of backgrounds (Biochemistry,
Bioinformatics, Biology) and different academic
levels ranging from Bachelor to PhD degree. The
annotators have engaged in various training sessions that were led by the authors. We have provided different resources that can help and support the annotators in this project. These resources
include frequent meetings, the annotation guidelines, a list of questions and answers about the
annotation, our biochemistry expert (a PhD student working with us), and the use of web-based
software called Slack6 which allows annotators to
post questions, comments, or illustrate an example
from the data set. We have also created a demo
video7 that shows annotators step by step how to
use the GATE tool8 and how to use the schema to
label texts. Annotators are asked to use the GATE
tool as an interface which gives them access to our
developed schema for the semantic roles.
Each article is labeled by two annotators. The
labeling is done on a verb basis rather than a fullsentence basis. In other words, each sentence with
more than one verb is divided into smaller text
spans (Annotation Units (AUs)), which are composed of a verb and the text containing its semantic
roles. The annotators identity the verb in that AU
and label all associated semantic roles for that verb

As described earlier, our experimental event
scheme was inspired by the annotation scheme for
bio-events (Thompson et al., 2011). We based
our experimental event scheme for verb arguments
on the inventory of semantic roles in VerbNet
(Schuler, 2005) and modified and added new semantic roles to define our scheme. Our experimental event scheme includes: Theme, Patient, Predicate, Agent, Location, and Goal. The complete set
of semantic roles and their definitions in our experimental event scheme is presented in Table 2.
Working with a biochemist, we have extended
the VerbNet definition of the semantic role Instrument from simply “an object or force that comes in
contact with an object and causes some change in
them” (Schuler, 2005) to include a variety of subcategories corresponding to various types of biological and man-made instruments used in a biochemistry laboratory. We have also added Protocol detail as a set of semantic roles that identify certain types of information about experimental processes such as time and temperature.

5
5.1

Annotation
Data Set

We have created a data set consisting of 105
text files. These files include only the Methods
sections from biochemistry journal articles which
were randomly selected from PubMed Central. To
prepare the data set for our task, all files were converted to plain text files that included one sentence
per line and all figures and tables were omitted.
We have used this data set for our initial text analysis that we described in Section 3. We also extended our data set to include 3499 articles between the years 2013 to 2015 from the top nine
journals in biochemistry (Cell, Genome Research,
Molecular Cell, Molecular Biology and Evolution,
Molecular Aspects of Medicine, Nature Medicine,
Nature Methods, Nature Structural & Molecular
Biology, and Nature Chemical Biology).
5.2

Annotation Guidelines

We have created guidelines for annotating the
Methods section in biochemistry articles. The
guidelines include a description and the necessary
background information of the task. The guidelines also include examples for each type of semantic role and their occurrence in the text. A list
of questions supplements the guidelines to help

6

https://slack.com/
The demo video and guidelines are available at
https://uwaterloo.ca/scholar/mallihee/links/gate-annotationdemo-and-annotation-guidelines
8
https://gate.ac.uk/
7
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Configuration
Original annotation
Theme combined with patient
and all instrument roles
combined
Protocol details combined
Adjudicated

Kappa score
61.3%

Configuration
Original
Adjudicated

68.9%

Table 4: Inter annotator agreement κ-score for rhetorical move identification

71.6%
93.6%

have measured the kappa-score for two configurations. “Original” is the annotation provided by
the annotators, while “Adjudicated” means that the
disagreements in the original annotations were resolved. The Adjudicated step was done by one of
the authors. The result, shown in Table 4, shows a
moderate to almost perfect agreement (Landis and
Koch, 1977; McHugh, 2012). We have calculated
the confusion matrix for the original annotation of
rhetorical moves. During our adjudication step,
we noticed some commonly mislabeled instances
by some annotators. For example:

Table 3: Inter annotator agreement κ-score for semantic role labeling

within that AU. The annotators decide which constituent is a semantic role. Then, annotators label
the entire AU with appropriate rhetorical moves.
Each annotation is stored in an XML file. Figure
1 shows an example of some sentences annotated
for both rhetorical moves and semantic roles.
5.3

Kappa score
42.0%
98.2%

Inter-annotator Agreement

Identification of semantic roles: We measured
the inter-annotator agreement for semantic role labeling between the two annotations of the same
article using the κ-score (Cohen, 1960). To have
a matching label, both the semantic role category
and the text span must be the same. Then, we measured the κ-score after the adjudication step which
was done by one of the authors. The adjudication
step’s main goal is to resolve any disagreement in
annotations (Palmer et al., 2005). We have also
measured the kappa score for different configurations of the data set as shown in Table 3. “Original annotation” is the annotation that was provided by the annotators. “Theme combined with
patient and all instrument roles combined” indicates theme and patient were combined as one role
and all instrument subcategories were considered
as one. “Protocol detail combined” indicates that
in addition to the previous merging of semantic
roles, all protocol detail subcategories were combined as one role. “Adjudicated” means that the
disagreements in the original annotations were resolved and any missing semantic roles were added.
All of the κ-scores in Table 3 are rated substantial
(Landis and Koch, 1977; McHugh, 2012). The results are very promising.

Example 3 “The hierarchical cluster analyses
were performed in MATLAB (Release 2012a), and
the bar graphs were produced in Microsoft Excel
2010.” (Davies et al., 2015).
This sentence should be labeled “Descriptionof-method” since it clearly describes steps of the
authors’ method, i.e., using tools to perform analyses and produce graphs. However, one annotator
mislabeled it as “Appeal-to-authority”.
Example 4 “Constructs comprising new opsin
sequences cloned in pMT4 were transiently transfected into Neuro-2a cells with GeneJuice reagent
(Novagen), according to the manufacturer’s instructions (for further information, see Supplemental Material).” (Davies et al., 2015).
This sentence was labeled incorrectly as
“Description-of-method” whereas it should be labeled as “Appeal-to-authority” since it refers to an
“established” method. We have concluded that our
annotation guidelines need to be updated to better aid our annotators to properly select the right
rhetorical move for each candidate AU.

6

Conclusion and Future Work

In this paper, we have presented the semantic roles
that we have suggested to be necessary for this scientific domain and which will be used in our annotation scheme. This Experimental Event Scheme,
which is based on the proposed semantic roles,
is the first step towards developing an automated
rhetorical move analysis. We have also presented

Identification of rhetorical moves: We also
measured the inter-annotator agreement for rhetorical move identification between the two annotations of each article using the κ-score. Here again,
the rhetorical move and text span must be the same
to be considered a match. As seen in Table 4, we
120

Figure 1: Snippet extracted from one article (Deng et al., 2015) of our annotated dataset showing the labelling of
the rhetorical moves and semantic roles using the GATE tool.

tated dataset to date is relatively small and annotators might actually have more inherent insight
into recognizing the differences between rhetorical moves. Since these moves have spans which
range from clauses to full sentences, whereas semantic roles are confined to at most a few words,
the guidelines for annotation that were developed
focused more on this simpler case. We anticipate expanding these guidelines in order to improve inter-annotator agreement regarding rhetorical moves in the future.
As future work, in parallel with annotating the
complete data set, we will develop a computational model to label the rhetorical moves for this
domain. As well, from our experience with annotating the biochemistry articles with our experts, we recognized that not all of the information
needed to interpret the move structure is available
in the text. What is needed is an ontology that
captures the knowledge that a working biochemist
would have regarding biochemistry experimental
procedures, especially the sequence of events that
are normally undertaken in these procedures. We
have begun building such an ontology and future
development will involve some automation.

Figure 2: Confusion matrix for rhetorical move identification.

the most common rhetorical moves based on our
observations of biochemistry procedures. We also
have described our annotation study along with
the dataset used. Ultimately, we aim to develop
a framework to analyze argumentation structure
in biochemistry procedures using the rhetorical
moves.
We note that while there is substantial agreement among annotators in our results with respect to semantic roles, the agreement regarding
rhetorical moves is more modest. One reason why
this might be the case is the fact that the anno-
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