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Abstract 

 

Multimodal analysis, also called multimodal discourse analysis (MDA) and more generally 

„multimodality‟, is a rapidly expanding interdisciplinary field in linguistics and language-

related fields of study, particularly in education. Multimodal analysis is concerned with 

theorising and analysing the multiple resources which combine to create meaning in different 

contexts. The complexity of multimodal analysis has, however, limited the type of analytical, 

and as a result, theoretical developments which have been made, particularly for dynamic 

media such as video, film and interactive digital media.  

   

To address these issues, Semiomix, a software application, is being developed in the 

Multimodal Analysis Lab in the Interactive & Digital Media Institute (IDMI) at the National 

University of Singapore to provide digital tools specifically designed for multimodal analysis 

of static and dynamic media. The objective is to link low-level features in different media 

(text, image and video) to higher-order semantic information using social semiotic theory and 

computer-based techniques of analysis.  The software provides a theoretical and conceptual 

space for advancing multimodal studies via the modelling, testing and application of theory.   

 

The design and functionalities of Semiomix are first described and then illustrated through the 

analysis of a Linear Algebra lecture from Massachusetts Institute of Technology (MIT) Open 

Courseware.  The achievements and limitations of the approach are described with view to 

future research in multimodal studies. 
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1. Introduction 

 

Multimodal analysis, also called multimodal discourse analysis (MDA) and more generally 

„multimodality‟, is a rapidly expanding interdisciplinary field in linguistics and language-

related fields of study, including education (see Jewitt, 2009). Multimodal analysis is 

concerned with theorising and analysing the multiple resources (e.g. language, image, audio 

resources, embodied action and 3 dimensional objects) which combine to create meaning in 

different contexts (e.g. print media, film, digital media and day-to-day events). Inspired by 

Kress and van Leeuwen (2006 [1996]) and O‟Toole (2011 [1994]) foundational works in the 

mid 1990s, multimodal research has largely derived from Michael Halliday‟s (1978; Halliday 

& Matthiessen, 2004) social semiotic theory which provides a comprehensive theoretical 

platform for the study of semiotic resources and their integration in media and events. Other 

major approaches include multimodal interactional analysis (e.g. Norris, 2004; Scollon, 

2001) and cognitive approaches to multimodality (e.g. Forceville & Urios-Aparisi, 2009). 

 

Much progress has been made in multimodal research, particularly in systemic functional 

(social semiotic) approaches to MDA (SF-MDA) (e.g. Baldry & Thibault, 2006b; Bateman, 

2008; Bednarek & Martin, 2010; Dreyfus, Hood, & Stenglin, 2011; O'Halloran & Smith, 

2011; Royce & Bowcher, 2006; Unsworth, 2008; Ventola & Moya, 2009) which has moved 

beyond the study of individual semiotic resources – for example, speech, music and sound 

(Caldwell, 2010; McDonald, 2005; van Leeuwen, 1999, 2009), gesture and action (Martinec, 

2000, 2001) and three dimensional space (Ravelli, 2000; Stenglin, 2009, 2011) to the study of 

the inter-semiotic (or „inter-modal‟) relations which give rise to semantic expansions in 

multimodal phenomena  – for example, text and image (Liu & O'Halloran, 2009; Martinec, 

2005; Royce, 1998; Unsworth & Cleirigh, 2009), language, image and symbolism in 

mathematics and science (Lemke, 1998; O'Halloran, 1999b, 2005) and gesture and 

phonology (Zappavigna, Cleirigh, Dwyer, & Martin, 2010) (see Zhao (forthcoming) for a 

comprehensive overview of SF-MDA research).  
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However, as Bateman (2008) and others (e.g. Baldry & Thibault, 2006a; Smith, Tan, 

Podlasov, & O'Halloran, 2011) have pointed out, the complexity of multimodal analysis has 

limited the type of analytical, and as a result, theoretical developments which have been 

made, particularly for dynamic media such as video, film and interactive digital media. Many 

analysts have resorted to tabular descriptions of unfolding semiotic choices (e.g. Bednarek, 

2010; Tan, 2009; Zappavigna et al., 2010) which is a laborious and time-consuming task and 

furthermore, the resemioticisation of dynamic phenomena in static tables necessarily has 

limitations with regards to capturing the underlying multimodal semantic patterns.  As a 

result, multimodal research has tended toward generalisations which lack a empirical basis, 

or at best are based on the study of a limited number of texts (Bateman, 2008). Multimodal 

researchers have developed different approaches to address this issue, most notably the Genre 

and Multimodality (GeM) model (Bateman, 2008; Bateman, Delin, & Henschel, 2007) and 

the Multimodal Corpus Authoring (MCA) system (Baldry & Thibault, 2006a, 2006b) which 

are designed to support empirical corpus-based research. As part of this research initiative, 

this chapter describes Semiomix, a software application developed in the Multimodal 

Analysis Lab in the Interactive & Digital Media Institute (IDMI) at the National University 

of Singapore, which provides digital tools specifically developed for multimodal analysis of 

static and dynamic media.  

 

Semiomix is designed to link low-level features in different media (text, image and video) to 

higher-order semantic information using social semiotic theory and computer-based 

techniques of analysis. The software provides a range of graphical user interfaces (GUIs) so 

the analyst can import and view different media, enter systems networks, create time-stamped 

tier-based annotations and overlays, and use automated tools (e.g. image processing tools, 

shot detection and so forth) and audio functionalities for multimodal analysis. The analysis is 

stored in a database format for later retrieval and visualisation of the results. Semiomix is the 

first known application to model the integration of language, image and audio resources on a 

common computational platform, thus providing analysts with digital tools specifically 

designed for multimodal analysis.   

 

The analyst remains central to the analytical process, however, and thus Semiomix provides a 

theoretical and conceptual space for advancing multimodal study via modeling, testing and 
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application of theory (O'Halloran, Tan, Smith, & Podlasov, 2011; Smith et al., 2011).  In fact, 

the operationalisation of systemic functional theory in an interactive digital media 

environment means that key theoretical issues, such as the usefulness, consequences and 

limits of modeling systemic grammars as sets of inter-related hierarchical classification 

systems organised according to metafunction, rank, stratum and system/structure cycles (see 

Bateman, 2011; Martin, 2011) and other issues such as search and the visualisation 

techniques for dynamic multimodal analysis (O'Halloran et al., 2011; Smith et al., 2011; 

Zappavigna, 2010; Zhao, 2010) are foregrounded.  These issues could not be ignored during 

development of Semiomix which functions as a „metasemiotic tool‟ (Smith et al., 2011) for 

semioticising both multimodal social semiotic theory and analysis. The major theoretical 

issues and problems were not solved during the software development process, but they were 

understood with greater clarity, as hopefully the ensuing discussion reveals. 

 

In what follows, the principal functionalities of Semiomix are first described and then 

illustrated via screenshots from Professor W. Gilbert Strang‟s first lecture in Linear Algebra 

from Massachusetts Institute of Technology (MIT) Open Courseware (OCW)
 1

.   Following 

this, Professor Strang‟s use of language and gesture are interpreted in relation to the different 

stages of the mathematics lecture. Finally, the achievements and limitations of the existing 

version of Semiomix are described with view to future research. 

 

2. Principal Functionalities of Semiomix 

 

In what follows, we outline our vision of the principal functions expected from multimodal 

annotation and analysis software. 

 

1. The software must provide the means to organize analyst‟s work so that the analyses and 

media files are structured to facilitate efficient utilization and reuse of available and user-

created data.  

 

2. The software must provide functions and efficient GUIs to access multimedia under 

analysis. Due to multimodal nature of analyzed phenomena, the GUIs have to be 
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customized to provide efficient interaction with media, whether it is an image, video or 

text file.  

 

3. The software must provide tools to localize regions of interest in the media and facilitate 

annotation of such regions. Again, means of localization depend on the nature of media 

under analysis and may be implemented in terms of recorded timestamps for sound and 

video, 2D coordinates for static images or both for dynamic overlays in video. Created 

annotations must be stored in a database, which must provide efficient retrieval and 

search functions. 

 

4. The software must contain facilities for inter-relating the created annotations, annotating 

such inter-relations and storing these structures in the database. This aspect is important 

to enable multimodal analysis of inter-semiotic, cohesive and inter-textual relations, 

where annotations localized within and across different types of recorded media are 

analyzed in relation to each other, and furthermore, these inter-relations themselves are 

annotated and analyzed.  

 

5. The software must provide tools for analysis of annotation data created by the analyst, 

since intuitive understanding of such complexity is not possible. These tools must 

include, but not limited to, efficient search and visualization functions. 

 

6. Finally, the software must provide instruments to enhance productivity of the analyst. 

Annotation work may often involve low-level tasks, which can be semi- or fully 

automated with help of modern computer technology – for example, shot, motion and 

face detection and tracking for video, optical character recognition for images, speech 

and silence detection for audio, and similar techniques. In the hands of multimodal 

analysis experts, these tools will save time and effort, and they may also provide insights 

into phenomena otherwise missed due to the tedious and mechanical nature of such 

annotation tasks.  These automated tools are referred to as „media analytics‟ tools in our 

software. 
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In the following sections we describe how the above-mentioned aspects have been 

incorporated in Semiomix, our multimodal analysis software. 

 

2.1 Organisation of Semiomix 

 

Semiomix is used to produce multimodal analysis of media recorded in digital form. The 

analysis consists of three components: a set of media files, a set of annotation units (co-

ordinates) and a set of categorical descriptions (systems) used in the annotation. These three 

components are critical for the consistency of any particular multimodal analysis, and the loss 

of any component would make the analysis invalid. We also consider that in real-life 

analytical tasks, the analyst is likely to create multiple analyses of the same or related media 

using the same or similar annotation systems. Therefore, implementing the multimodal 

analysis as a standalone entity consisting of all its components (media files, annotation units 

and systems) would result in an inefficient utilization of storage space, since media files are 

usually large in size. Proper organization of the analysis components saves space by re-using 

the same media files, annotation systems and annotation units in different analyses, so that 

the various components are organised into a coherent and transparent data structure. 

 

Semiomix imposes a workflow for the user organised in terms of Solution – Library – Project 

– Analysis.   The Analysis is an actual multimodal analysis document consisting of media 

objects (i.e. files), annotation units (coordinates) and annotation systems. The Project 

organizes the different Analyses sharing the same or related media objects, facilitating reuse 

of media files. The Library is a set of annotation systems used in different Analyses. Since 

the Library may be quite large, Analysis is associated with a subset of the Library called the 

Catalogue (i.e. Systems Catalogue).  The Library facilitates reuse of annotation systems 

throughout the Analyses. The Solution is a global placeholder for Library and Projects, where 

data is not shared between the different Solutions. The organization of user‟s workflow is 

illustrated in Figure 1. 
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Figure 1  Organisation of User Workflow 

 

2.2 Access to Media 

 

Semiomix provides access to the following media types: plain text, images, sounds and 

videos. These types cover to a major extent the ways multimodal phenomena can be digitally 

recorded (hypertext is excluded at this stage because of time constraints). Due to a great 

variety of modern compression formats, the software relies on open source FFMPEG
2
 library 

to provide file format access and decompression functions. Among different text file formats, 

the software supports only unformatted plain text files, since text formatting is considered to 

be out of the scope of the current version of the software.  

 

2.3 Annotation 

 

The implementation of efficient annotation GUIs is critical for successful multimodal 

annotation software. The palette of annotation GUIs is fully motivated by the supported 

media types and the way the localization (i.e. coordinates) of annotation units can be stored. 

In particular, there are interfaces for annotating: 

 

 Text via word and clause indexes 

 Images via 2D coordinates 

 Sound via timestamps 
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 Video via 2D coordinates and timestamps 

In what follows, the screenshots of Semiomix have been modified in the interests of space and 

the annotations illustrate the functionalities of the different GUIs. In cases where the GUIs 

are still under development, mock-up images are provided (and labelled as such). 

 

2.3.1 Text Annotation GUI 

 

 

Figure 2  Text Annotation Interface 

A) General controls; B) Systems Catalogue browser; C) Word-level annotation;  

D) Strip organization view; E) Clause-level annotation; F) Clause editor 

 

Text annotation is the process of associating descriptions with words and/or clauses of text 

using word/clause index as a reference point.  An example of the text annotation GUI is 

presented in Figure 2. Area (A) contains general controls; (B) provides a view of the 

available annotation systems, which are “Episode” and “Gesture” for Professor Strang‟s 

mathematics lecture (these systems are described in Sections 3.1 and 3.2); (C) provides word-

level annotation interface (in this case, for “x is zero”); (D) visualizes the organization of 

annotation strips; (E) provides clause-level annotation interface; and (F) provides the clause 

browsing and editing interface.  
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2.3.2 Image Annotation GUI 

 

 

Figure 3  Image Annotation Interface 

A) Image annotation area; B) Systems Catalogue browser; C) Created overlays;  

D) Overlay representations in annotation strip 

 

Image annotation is the process of associating user-defined descriptions with regions of 

image located with 2D coordinates. The image annotation GUI is illustrated in Figure 3 

where area (A) is the image annotation area; (B) is the Systems Catalogue browser where 

system choices for “Episode” and “Gesture” are displayed; (C) is a sample overlay for 

Professor Strang‟s gesture, which is annotated with the system choice “Representing Action 

(Cognition)”; and (D) is the overlay representation in the annotation strip which contains 

system choice “Representing Action (Cognition)”.  Annotations inserted in the image 

annotation area (A) automatically appear in the overlay representation area (D). 
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2.3.3 Sound and Video Annotation GUI 

 

 

Figure 4  Sound and Video Annotation GUI 

(A) Filmstrip and waveform area; (B) Player window; C) Systems Catalogue browser; 

D) Playback controls; E) General controls; F) Annotation strip area 

 

Sound and video annotation interfaces are combined into one GUI, since video usually 

contains both moving pictures and sound streams. From that point of view, one may annotate 

sound as video with no picture. Figure 4 displays the GUI for annotating videos, where area 

(A) is a filmstrip and waveform view, in this case for Professor Strang‟s lecture; (B) is the 

player window for the video; (C) is the Systems Catalogue browser; (D) is the playback 

controls; (E) is the general controls; and (F) is the annotation strip area where system choices 

for “Episode” and “Gesture” are displayed as time stamped nodes.  Overlays inserted in the 

video player (B) (not displayed in Figure 4) are automatically converted to time-stamped 

nodes in (F) to display the duration of the overlays (for gesture, for example). 
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2.3.4 Text Time Stamping GUI 

 

 

Figure 5  Time Stamping GUI 

(A) Filmstrip area; (B) Clause overlap navigation area; (C) Time stamped clause view; 

(D) Time stamp table view; (E) Systems Catalogue browser; (F) Clause editor 

 

The text time stamping GUI is a specially designed interface which relates the linguistic 

transcript from a dynamically unfolding media (e.g. sound or video) to the dynamics in the 

source media, creating a link between the coordinates for text annotations and the time 

stamps for sound. That is, the time-stamping GUI connects both domains (text annotation and 

time/sound) together, permitting the user to distribute text clauses by assigning time stamps 

in the temporal domain of the source video.  The interface is illustrated in Figure 5, where 

area (A) is the filmstrip visualization area for Professor Strang‟s lecture; (B) is the strip to 

visualize and navigate through overlapping clauses (when several people are talking at once, 

for example); (C) is the strip to view time-stamped clauses transcribed from Professor 

Strang‟s lecture; (D) is the annotated clause area where the linguistic analysis of the clauses 

is coded; (E) is the Systems Catalogue browser; and (F) is the Clause editor which contains 

the complete transcript.  
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2.4 Inter-Relations 

 

 

Figure 6  Inter-relation GUI (projected mock-up) 

A) General controls; B) Inter-relating video annotations; C) Inter-relating text 

annotations 

 

Multimodal analysis requires analysis of the relations between annotated instances within and 

across different media. Therefore, Semiomix provides functions to define network-like 

relationships between annotation units and to annotate those relationships. The relationship is 

implemented as nested links and chains, which may contain annotation units and/or other 

groups, and the group itself may be annotated using a system choice and free text 

annotations. The GUI for creating such groups is illustrated in Figure 6 where area (A) is the 

general controls area; (B) presents an example of inter-related video annotation units; and (C) 

presents an example of word and clause level inter-relations for text.  

 

2.5 Analysis 

 

The GUIs provided by the software enable users to define and code complex descriptions of 

multimodal phenomena.  However, the interpretation of the analysis by simply looking at 



 13 

annotation interfaces is a difficult task without the help of appropriate tools. The software 

provides following functions to facilitate analysis and understanding of created annotations in 

terms of searching and exporting for visualisation purposes. 

 

2.5.1 Search 

 

Two main principal aspects motivate the design of the search GUI. Firstly, the GUI must 

provide the ability to locate patterns of interest defined with respect to all types of 

annotations created in Semiomix. Secondly, we are aware that the general user of multimodal 

annotation software may not be comfortable using complex programming like query 

language. Therefore, Semiomix implements search GUI in What-You-See-Is-What-You-Get 

(WYSIWYG) manner to define temporal and spatial patterns with respect to: 

 Attributes 

 Structures 

 Time 

 Space 

The Attributes search refers to the systemic and free text annotations; Structures search refers 

to specific relations between annotation units; Time search refers to specific temporal 

patterns; and Space search refers to specific spatial patterns. Figure 7 illustrates the search 

GUI, where Area (A) is used to create search entities and enter search conditions related to 

text; (B) is used to input desired system choices; (C) is used to graphically define structural 

patterns to search; (D) is used to graphically construct desired temporal relationships; and (E) 

is used to graphically construct spatial patterns. Graphically defined filters are then 

automatically translated into machine-understood search queries which are extracted from the 

database. 
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Figure 7  Search GUI (projected mock-up) 

(A) Attribute definition area; (B) System choices definition area; (C) Structural 

relationships area; (D) Temporal relationships area; (E) Spatial relationships area 

 

2.5.2 Exporting  

 

Search results are generally delivered to the user by highlighting the matching annotation 

units in the corresponding GUIs. This, however, may not be enough if quantitative analysis of 
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the annotations is required. The most efficient solution of this problem is enabling the user to 

export search result in a format which permits the data to be imported into third-party 

software or frameworks specifically designed for numerical data visualisation and analysis, 

such as, for example, Microsoft Excel for a general user or Matlab or Tulip
3
 for advanced 

user. This feature brings the power of modern data analysis software packages to multimodal 

analysis without investing resources into re-implementing similar functions. 

 

2.6 Media analytics 

 

Modern computer scientists have developed an extensive palette of computational tools for 

image, sound and video analysis. Although tools are highly specific and technical, there are 

algorithms which are generic enough to enhance productivity of multimodal analysts. The 

main criteria for selecting the appropriate computational techniques for multimodal analysis 

are: (a) general applicability because specific tools are not practical for users from non-

computer scientific backgrounds; (b) simplicity of implementation because we are investing 

our resources in development of multimodal annotation software, not in cutting-edge 

computer science techniques; and (c) efficiency because the tools must be useful for typical 

multimodal analysis work. It is also important to note that the human analyst is always in the 

loop to correct erroneous results which are generated automatically. From that point of view, 

automatic tools are useful as long as running the tool and correcting the errors takes less time 

than doing the same job manually. At this point of time, the following technologies are used 

or planned for Semiomix: 

 

 Video shot detection – a technique identifying significant changes in the video 

 Audio silence/speech/music classification – a technique identifying intervals of likely 

silence, speech or music 

 Face detection – a technique identifying faces in videos and images 

 Tracking – a technique automatically tracking objects in videos 

 Optical character recognition – a technique automatically translating texts from raster 

images into a string of characters 

 Basic image enhancement and filtering algorithms 
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As illustrated in Figure 8, the multiplayer functionality in Semiomix permits image processing 

techniques, in this case optical flow (top video strip) and edge processing (bottom video strip) 

algorithms to be applied to the original source video (middle video strip) to assist the 

multimodal analyst. These two image-processing techniques are discussed in the analysis of 

Professor Strang‟s mathematics lecture in Section 3.3.  

 

 

Figure 8  Multiplayer Functionality 

 

3.  Gesture and Language Analysis in the MIT Mathematics Lecture 

 

In what follows, we present a multimodal analysis of a video segment  (2.46min - 8.35min) 

of Professor Gilbert Strang‟s Lecture 1 in Linear Algebra
4
, which was undertaken using the 

text and video annotation GUIs in Semiomix. The focus of the analysis is Professor Strang‟s 

use of language and gesture which combine inter-semiotically to form distinct patterns in 

relation to different stages of the mathematics lecture. In what follows, the Gesture system 

and the stages of the lecture are described before the patterns of linguistic and gestural 

choices are discussed. The multimodal analysis is not exhaustive, but rather it serves to 

illustrate how the software permits multimodal semantic patterns to be detected in ways 

which would difficult, if not impossible, without digital tools (O'Halloran et al., 2011; Smith 

et al., 2011). 
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3.1 Gesture System 

 

Systemic Functional approaches to gesture have classified actions according to their 

realisations of ideational, interpersonal and textual metafunctional meanings (see, for 

example, Hood, 2011; Martinec, 2000, 2001, 2004). Martinec (2000) argues that action 

realises metafunctional meanings based on formal observable criteria, and he proposes three 

types of actions with distinctive systems that realise ideational meanings. The three types of 

actions are Presenting Action, Representing Action and Indexical Action.  

 

Martinec (2000: 243) defines Presenting Action as “most often used for some practical 

purpose” and “communicates non-representational meanings”. For instance, Presenting 

Action realises ideational meaning through transitivity processes analogous to language, and 

as such are analysed as Material, Behavioural, Mental, Verbal and State processes. 

Representing Actions “function as a means of representation” and are strongly coded 

representations. Representing Action realises ideational meaning through representations of 

participants, processes and circumstances as well as congruent entities and metaphorical 

concepts. Indexical Action realises ideational meaning in relation to the meanings made by 

the accompanying language. Indexical Action also adds another layer of semantics, such as 

the representations of importance, receptivity or relations to it, thus realising interpersonal 

and textual meanings as well. 

 

Martinec (2000, 2001, 2004) formulates the systems for action which includes movement and 

proxemics. He explains that “part of the system of engagement in Presenting Action, for 

example, has been considered as belonging to proxemics and quite separate from the system 

of affect. Neither has been previously related to engagement in indexical action” (Martinec, 

2001: 144). Nevertheless, Martinec (2001) argues that there are merits in considering action 

and proxemics together as “they all express the same broad kind of meaning” (p. 144).  This 

paper draws upon and extends Martinec‟s (2000, 2001, 2004) approach to gesture and action. 
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3.2 Episode and Episodic Stages in the Mathematics Lecture  

 

Professor Strang‟s mathematics lecture is divided into many smaller teaching units, referred 

to as Episodes, which consist of a key teaching point he wishes to communicate to the 

students. An Episode comprises of various Episodic Stages, realised through the meanings 

made through co-deployment of a repertoire of semiotic resources, in particular language, 

gesture, movement and blackboard work. The Episodic Stages are colour coded in the 

annotation strips area (A) in Semiomix, along with accompanying gesture choices, which also 

appear as overlays in the video player (B) in Figure 9. The time-stamped linguistic text and 

the time-stamped tables of linguistic annotations appear in (C) and (D) respectively. In Figure 

9, the video player indicator (E) shows the actual point of time in the lecture, with the 

corresponding choices for language and gesture. 

 

 

Figure 9  Professor Strang’s Linear Algebra Lecture 1 

(A) Annotation strips; (B) Player window; (C) Time stamped clause view (D) Time 

stamp table view and (E) Player indicator 

 

The Episodes begin with the Episodic Stage of Setting the Problem. This is where, typically, 

Professor Strang asks a question to define the problem. In some cases, the Episodic Stage of 

Proposing a Solution follows. This is usually realised as an invitation for the students to help 
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investigate a possible solution to the problem. This stage is characterised linguistically by the 

use of modality and hedging which realise low power relations. Interpersonal meanings, 

rather than experiential meanings, are typically foregrounded in the Proposing a Solution 

Episodic Stage. 

 

In the Episodic Stage of Presenting the Solution, the teaching point of the Episode is 

expressed. During this stage, Professor Strang intently works on the solution, usually through 

board demonstration. In contrast to the previous Episodic Stage, experiential meanings, rather 

than interpersonal meanings, are foregrounded. The Episodic Stage of Climax, where the 

teaching point is repeated and emphasised, sometimes follows the Episodic Stage of 

Presenting the Solution. Finally, the Episodic Stage of Closure marks the end of the teaching 

Episode, where Professor Strang summarises the teaching point and often provides a brief 

intermission before initiating the next Episode. 

 

The Episodes were found to have a generic structure with obligatory and optional Episodic 

Stages. As observed in Professor Strang‟s mathematics lecture, the obligatory Episodic 

Stages are Setting the Problem, Presenting the Solution and Closure. The optional Episodic 

Stages are Proposing the Solution and Climax.  

 

In what follows, one teaching Episode from Professor Strang‟s lecture (4 min 48sec - 5min 

18 sec)
5
 is discussed in more detail, and the meanings made through gesture, language and 

body movement are highlighted using media analytics tools. In particular, the co-

contextualising relations between language and gesture are explicated (see Lim (forthcoming) 

for extended discussion of co-contextualising relations between language and gesture). 

Following Thibault (2000: 362), it is “on the basis of co-contextualizing relations that 

meaning is created”. In this case, the co-contextualising relations between language and 

gesture are fundamental to establishing the Episodic Stages in the lecture which are clearly 

designed to build the necessary hierarchical knowledge structures in mathematics 

(O'Halloran, 2007, 2011). 
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3.3 Analysis of an Episode 

 

The Episodic Stage of Setting the Problem is instantiated by Professor Strang through his 

statement “So I am looking at all the points that satisfy 2x-y=0”. Accompanying the linguistic 

declarative, Professor Strang points at the mathematical symbolism on the board with his 

entire palm, as displayed in Figure 10a, where the gesture is highlighted by the optical flow 

algorithm which automatically displays patterns of motion of objects, surfaces, and edges 

using arrows. In this case, the hand gesture is quite marked in relation to the body which 

remains largely stationary. Pointing with an entire palm like this, rather than with a finger, 

indicates low specificity (Hood, 2011). Interpersonally, this indexical action of connection 

realises low power.  

 

In the next Episodic Stage of Proposing a Solution, Professor Strang dramatically raises both 

hands with palms facing outwards, as displayed in Figure 10(c). This is a representing action, 

realising the metaphorical concept of surrender. This is accompanied linguistically with his 

stammer, “I, I, I…”. The semiotic choices realise very low power, which is a marked 

selection for Professor Strang who, by default, has authority over the students. In a sense, the 

interpersonal meanings realised by his combination of semiotic choices put himself in the 

position of the learner, attempting to offer a solution to solve the problem. This is a deliberate 

dramatisation, enhanced by body movement as displayed by the optical flow algorithm (see 

Figure 10c), because Professor Strang is fully cognizant of the solution to the question, as 

demonstrated in the next Episodic Stage. While not an obligatory Episodic Stage, the 

Episodic Stage of Proposing a Solution is observed on a fairly consistent basis throughout 

Professor Strang‟s lecture. This Episodic Stage, though often fleeting, serves as an important 

rapport-building strategy that makes Professor Strang both an engaging and effective teacher.  
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Figure 10(a) Indexical Action 

 

Figure 10(b) Representing Action Cognition 

 

Figure 10(c) Representing Action Surrender 

 

Figure 10  Optical Flow and Overlays for Gesture and Movement Analysis 
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The shift to the Episodic Stage of Presenting the Solution is indicated by Professor Strang‟s 

movement forward as he declares “It is often…” This is also co-contextualised through 

gesture as he points at the problem with his index finger, as displayed by the edge detection 

algorithm and overlay in Figure 11(a). The indexical action of connection, this time realising 

high specificity, serves to bring the problem into focus. The interpersonal meanings enacted 

by his movement and gesture realise high power, which is a sharp contrast to the 

interpersonal meanings realised in the preceding Episodic Stage. 

 

Following this, Professor Strang launches into the discourse of solving the mathematical 

problem. He signals the beginning of this by three downward beats of his right hand, 

displayed by the overlay in Figure 11(b), as he points to the board with his index finger. This 

is an Indexical Action that realises importance and draws attention to the solution which he is 

about to show. This gesture co-contextualises his evaluative comment of “… good to start to 

start with which point on this horizontal line” as an orientation for the solution to the problem 

which he is about to present on the board.  

 

As mentioned earlier, the discourse of Presenting the Solution foregrounds experiential 

meaning rather than the interpersonal meaning. In this mathematics lecture, the ideational 

content is communicated both linguistically and gesturally. Selections in gesture are made in 

the Presenting Action of writing on the board and the Representing Action of communicating 

metaphorical concepts, congruent entities and processes. For instance, the representation of a 

horizontal line is realised gesturally with the action of a sideward horizontal movement of the 

hand, as displayed in Figure 11(c). Interestingly, the dynamic movement, repeated three 

times, realises the linguistic entity of “horizontal line” as a gestural process. This is an 

instance of a semiotic metaphor between language and gesture (i.e. a linguistic entity 

becomes a gestural process), an extension of O‟Halloran‟s (1999a) original conception of 

semiotic metaphor across language, images and mathematical symbolism, as described in 

Lim (forthcoming). While the variegated nature of the experiential meanings made in this 

Episodic Stage through the semiotic selections of language and gesture deserve further 

analysis, the discussion has focused on interpersonal and textual meanings due to space 

constraints.  
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Figure 11(a) Indexical Action 

 

Figure 11(b) Indexical Action 

 

Figure 11(c) Representing Action Horizontal Line 

 

Figure 11  Edge Detection and Overlays for Gesture Analysis 
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The optional Episodic Stage of Climax, displayed in Figure 9 (see Video Player Indicator), is 

realised after the solution has been presented. Professor Strang emphasises the critical point 

in the worked solution by exclaiming, “Zero, zero” as “the point, the origin… the point”. The 

linguistic repetition is co-contextualised with the two punches of his left fist forward, as 

displayed in the overlay in area (B) in Figure 9. These intersemiotic selections signal 

interpersonal meanings of high power and emphasis. The repetition and dynamic movement 

draw attention and accentuate the finality and, perhaps, certainty of the solution presented. As 

mentioned earlier, not all teaching Episodes in the lesson have this stage. Some Episodes 

could end rather impassively after the solution is derived. This variety enlivens the lesson and 

possibly serves to distinguish the more important teaching Episodes from others. This 

conjecture, however, requires further investigation. 

 

Finally, the Episodic Stage of Closure concludes the entire teaching Episode. This is usually 

realised by a lull, where, sometimes, there is a marked absence of language and dynamic 

gesture. In this case, there is a movement backwards which co-contextualises with Professor 

Strang‟s declarative, “It solves that equation”. The retreat allows Professor Strang to 

recuperate and the students some time to contemplate and reflect on the solution presented. 

Interpersonally, low power is realised in the Episodic stage of Closure and presents 

opportunities for students to challenge or clarify the solution presented.  

 

Remarkably, the Episode took less than one minute, though some Episodes are longer. 

Notwithstanding, the consistent patterning of the Episodic stages in the Episodes of Professor 

Strang‟s lecture, operate to construct an engaging and effective mathematics lesson for the 

students. For instance, immediately after this Episode, Professor Strang begins another 

Episodic Stage of Setting the Problem by saying, “Okay, tell me”. This is followed by the 

Episodic Stage of Proposing the Solution with, “Well, I guess I have to tell you”, co-

contextualised with a retreat and a dismissive wave of the hand forward. These intersemiotic 

selections set the stage for the commencement of the next teaching Episode which 

immediately follows the Episode analysed here.  
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3.4  Structured Informality in the Orchestration of the Lesson 

 

The analysis of gesture and language in the mathematics lecture demonstrates the interplay of 

experiential, interpersonal and textual meanings to construct a sense of „structured 

informality‟ which may also be found in secondary school classrooms. Lim (forthcoming) 

and Lim, O‟Halloran & Podlasov (submitted for publication) propose that structured 

informality is constructed through the interplay of multimodal meanings resultant from the 

effective combination of semiotic resources. A specific combination of semiotic choices is 

coordinated to construct a participative learning environment for students where explicit 

display of power dynamics between the teacher and the students are managed. Through 

specific semiotic choices which function to maintain a didactic structure for learning, other 

semiotic choices are made to mitigate the hierarchical distance between the teacher and 

students. This achieves a degree of rapport uncharacteristic of traditional authoritative 

classrooms.  

 

Structured informality is regularly observed in lessons by highly effective and engaging 

teachers, particularly when the learners are adolescents or adults.  In this multimodal 

analysis, it is observed that Professor Strang coordinates his selections in language, gesture 

and movement to realise interpersonal meanings of solidarity and affability, while at the same 

time, organising experiential meanings in a highly structured and formal manner, with 

discernable Episodic Stages and Episodes within the lesson.  

 

Structured informality facilitates the achievement of formal tasks in teaching and learning. 

While it is common for teachers to attempt to construct structured informality in their lessons, 

the differing effectiveness usually lies in the personality, pedagogical beliefs of the teachers 

and the profile of the students. How the teacher orchestrates the delicate combination of 

semiotic selections to achieve the balance in structured informality ultimately distinguishes 

an effective and engaging teacher from a lesser one.   
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Achievements and Limitations  

 

Due to the current stage of software development, where inter-relational links, search and 

export functionalities are not yet fully operational in Semiomix, it has not been possible to 

demonstrate exactly how semiotic choices combine in patterns over space and time, in this 

case for the mathematics lecture. Significantly, however, Semiomix contains the facilities to 

store such data and the next stage of development will involve retrieving and displaying 

multimodal patterns derived from close empirical analysis undertaken using the software. 

 

Moreover, the multimodal analysis software was complex to conceptualise and design, 

involving a wide range of research areas which include semiotic data models, raw data 

projectors for images and video, temporal and spatial reasoning, visual analytics and media 

analytics. The time taken to assemble a competent (and interested) interdisciplinary team of 

computer scientists, graphical designers and software developers to design and implement the 

system infrastructure and the GUIs has meant that many advanced ideas, theories and 

techniques have not been tested nor implemented in Semiomix.  For example, the inferential 

logic operating between systems and system choices cannot be defined in the current 

software, and the analysis must be exported to visualise patterns in the quantitative data 

analysis. 

 

Nonetheless, advances have been made, as described here. In addition to the facilities which 

Semiomix  provides, graphical visualisation tools have been used to convert time-stamped 

annotations into state-transition diagrams to reveal patterns in how business news networks 

represent social actors and social interactions in news videos (Tan, Podlasov, & O'Halloran, 

submitted for publication) and teachers use space with respect to positioning and the 

directionality of movement in the classroom (Lim et al., submitted for publication). 

Interactive visualization functionalities have permitted the analyst to synchronize the state-

transition diagrams with the original media file to investigate firsthand the semantic patterns 

in videos (Podlasov, Tan, & O'Halloran, accepted for publication).  

 

Prototype interactive visualisations for viewing systems according to different dimensions 

(e.g. semiotic resource, metafunction and stratum) and their hierarchical position within those 
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dimensions have also been developed (Chua, Podlasov, O'Halloran, & Tisse, forthcoming), as 

displayed in Figure 12(a)-(b). The dimensions are colour coded (green, yellow, purple, blue 

and red) and their associated hierarchies are indicated by concentric circles. The systems 

(located in the centre of the concentric circles) are automatically positioned by a force-based 

algorithm (Fruchterman & Reingold, 1991) which places the selected system in the optimal 

position according to its dimensional and hierarchical classification, indicated by the lines 

which link the system to different points in the concentric circles. In this way, the user may 

select a system (e.g. “Gesture”) and see first hand how the system is organised in relation to 

the overall theoretical framework (e.g. metafunction, stratum and co-contextualising 

relations). 

 

 

Figure 12(a) Force-Based Position for System A 

 

Figure 12(b)  Force-Based Position for System B 

 

Figure 12  Interactive Visualisation for Modeling Dimensions and Hierarchies 
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The field of multimodal studies will advance as social scientists work closely with scientists 

to develop and use interactive media technologies and data analysis software packages 

because ultimately it is not possible to manage the complexity of multimodal theory and 

analysis, particularly for dynamic media, without such tools.  Interdisciplinary research had 

come of age, particularly in the current era of information technology where it has become 

increasingly necessary to address the complex social, economic and political issues arising 

from the rapid advance of digital media. 
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