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Summary

Computer-assisted assessment (CAA) is increasingly being used in universities worldwide, but
to date its use has mainly involved multiple-choice or other forms of constrained-choice
questions and answers. Early work on assessing free text largely involves looking for word
strings in text without attempting to ensure that the required words form part of connected and
linguistically accurate text. The research covered in this report has attempted an analytical
approach of free text involving breaking it down into its component grammatical elements.
When further developed, this should allow the use of role and reference grammar, which will
enable the checking of text for both content words and meaning. The results to date are
promising, but considerable further work is required before this approach can be meaningfully
applied to the assessment of student work.

1 Background

Numerous authors on effective assessment (Brown, Bull et al. 1997; Boud 1995; Brown and
Knight 1994) argue that assessment is potentially of even greater importance with regard to its
impact on the student learning experience than just about any other aspect of their pedagogic
experiences:

“Assessment defines what students regard as important, how they spend their time and how
they come to see themselves as students and then as graduates. Students take their cues from
what is assessed rather than from what lecturers assert is important.” (Brown, Bull and
Pendlebury 1997 p7)

In the current climate of increasing student numbers and decreased funding per student in
many HElIls internationally, it is necessary to find economies of scale in teaching and supporting
undergraduate students. Economies of scale are possible to a certain extent for lectures and
tutorials, but this is less possible for assessment unless radical re-engineering of assessment
processes is undertaken. As staff-student ratios decrease, the assessment burden on staff will
increase unless alternative approaches are used.

One solution to this dilemma is to seek ways to mark student work automatically. This is being
done at present using variations on multiple-choice questions, with a variety of innovative
question types that test learning beyond simple recall. If designed correctly, these kinds of tests
can provide students with immediate feedback on how well they are doing and can provide
valuable formative pointers for further learning. Extensive evidence demonstrates that increased
formative assessment can impact positively on student learning and retention (Sadler 1989;
Sadler 1998; Rust 2002; Sambell and Hubbard 2004; Yorke 2001). However, it can be difficult
to design if we want to make it truly an integral part of learning and if we want to avoid
encouraging inappropriate student behaviour, such as random guessing of answers.

Considerable work has been undertaken in recent years to investigate and implement
approaches to CAA that foster deep learning (Beevers, Foster et al. 1989; Brown, Race et al.
1999; Brown, Bull et al. 1997 op. cit.), but significant advances still remain to be made. Some
have argued that it is currently possible to assess essays by automatic means, but we remain
unconvinced since examples to date have been somewhat crude. However, it would be very
helpful if it were possible automatically to mark short free-text answers using CAA approaches,
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thus reducing the drudgery for markers. This would allow more scope in the setting of questions
and would give students more opportunity to show what they understand and can do. Much
research has been aimed at this question, but this generally either involves pattern matching
(Sukkarieh, Pulman et al. 2003; Sukkarieh, Pulman et al. 2004) or latent semantic analysis
(Wiemer-Hastings 2001; Landauer, Laham et al. 1997), or a combination of these (Pérez and
Alfonsa 2005). These methods work to a certain extent, but because they are not based on the
meaning of the text, they are quite easy to fool. For instance, latent semantic analysis can be
fooled by writing down the right kinds of words in any order. The problem with current
approaches to pattern matching, on the other hand, is that if the student writes down a correct
answer in a different way, it will be marked wrong.

Our innovative approach is based on the grammatical tradition of ‘parsing’, which is breaking
down language into its functional components like verbs, nouns and adverbs. Role and
Reference Grammar (RRG) (Van Valin and LaPolla 1997; Van Valin 2005) is a relatively new
linguistic theory that majors on predicates and their arguments. It separates the most vital parts
of the sentence from the modifiers (adverbs, adjectives, auxiliaries and articles). This means
that the core meaning can be extracted first, and then the modifiers fitted in at a later stage. As
long as the arguments and the verbs are in the correct order for English (subject, verb, object)
then the sentence can be understood. It doesn’'t matter if (for example) Chinese students forget
the articles, the sentence can still be parsed and the meaning extracted. The core meaning of
the sentence is extracted via the use of templates. This makes it easier to extract the important
parts of the meaning of the sentence: we just need to identify the predicate and the arguments,
which are clearly labelled branches within the templates.

In this work we describe a method for using the RRG paradigm for parsing student texts, which
do not have to be grammatically correct. This work can be used as a pre-processing step to
those methods that use latent semantic analysis or pattern matching. There is evidence to
suggest that latent semantic analysis gives better results when the subject, verb and object of
the sentence is used rather than an unstructured “bag of words” (Wiemer-Hastings 2001). Our
method will provide a mechanism for extracting some structure. If structure can be extracted,
then this structure can also be passed to a pattern matcher, which will decrease the number of
possibilities that have to be included. This method will also enable accurate marking of
ungrammatical sentences.

Role and Reference Grammar (RRG) (Van Valin and LaPolla 1997; Van Valin 2005) is a
promising theory for extracting the meaning from sentences from a computational viewpoint for
several reasons. Because it posits multiple projections, the various aspects of a sentence can
be dealt with separately. For example, words that modify other words are removed from the
constituent projection and placed in an operator projection, which shows how these words
modify the meanings of the words in the constituent projection. As a result, only the main
constituents of a sentence have to be parsed, simplifying the parsing process. RRG has a
strong link with semantics, and the grammatical constructs are designed both to be cross-
linguistically valid and to make the meaning relatively easy to extract. The grammatical
constructs are based on templates rather than rules. This means that more information can be
encoded into the grammatical construct, which in turn makes the meaning easier to extract.

However, there are aspects of RRG that make it harder to implement. It is much harder to parse

with templates than with rules; RRG templates are particularly hard because lines are allowed
to cross and the parse trees are not simply made up of parents and children, but nodes can
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have modifiers (such as PERIPHERY) attached to them. In addition, although RRG says
nothing explicit about word order constraints, they are implicit in the templates in that the theory
contains examples from many languages that include fixed and free word order, and varieties in
between.

Existing parsing techniques are not suited to solve all these problems without modification. Most
parsing algorithms, such as those based on Head-Driven Phrase Structure Grammar (HPSG)
and probabilistic context-free grammar, are based on rules. Although templates can easily be
reduced to rules, a lot of information is lost. The other main problem is the word order flexibility.
The two most popular parsing grammars are HPSG (Wahlister 2000; Hou and Cercone 2001;
KesSelj 2001) and dependency grammar (Covington 2003). HPSG is good for fixed word order,
but poor for free word order; dependency grammar is good for free word order, can do fixed
word order, but it is difficult to enforce other constraints. Which of these methods is chosen
depends on the language: dependency grammar is popular for free word order languages such
as Czech (Holan 2002) and Korean (Chung and Rim 2003; Chung and Rim 2004), while HPSG
is the method of choice for many other languges. However, some languages, such as
Japanese, have had work done using both methods (Ito, Hori et al. 2001; Kanayama, Torisawa
et al. 2002; Wahlster 2000). Other methods exist that match the spirit behind RRG more closely.
For example, Grootjen (2001) classifies words into three classes, predication, modification and
qualification, and relates these words in a ‘bottom-up’ fashion. This method works quite well on
English headline titles, but has not been tested on more complex sentences. Galicia Haro et al.
(2001) combine dependency and constituency resources. Their method is based on a standard
context-free grammar, government patterns and a semantic network that provides the
relationship between words. However, it still suffers from the problems of rules and varying
degrees of word order flexibility.

In this paper, a new parsing method is described. This method is based on a chart parser,
which is an old but effective parsing algorithm that can be modified to handle the unification
used in HPSG (Jurafsky and Martin 2000). The chart parser has been modified to handle both
templates and varying degrees of word order flexibility and is used to parse the main
constituents once the modifying words have been taken away. Modifying words are removed via
a relatively simple process that finds related words using information about the grammar of the
language stored in a file.

1.1 Parsing for Role and Reference Grammar:

Role and Reference Grammar (RRG) (Van Valin and LaPolla 1997; Van Valin 2005) was
developed as a result of asking the question: “What would a linguistic theory look like if it was
based on Lakhota and Tagalog rather than English?” The result is a theory that is suited to
describe a huge range of languages, including English. Of all the linguistic theories, it is most
closely related to functional grammar, but there are important differences.

Role and Reference Grammar posits algorithms to go from syntax to semantics, and semantics
to syntax. The main contribution is the use of parsing templates and the notion of the CORE. A
CORE consists of a predicate (generally a verb) and (normally) a number of arguments. It must
have a predicate. Everything else is built around one or more COREs. Simple sentences
contain a single CORE; complex sentences contain several COREs.
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The fact that RRG focuses on COREs, means that the semantics is relatively easy to extract
from a parse tree. You just have to look for the PRED and ARG branches of the CORE to obtain
the predicate (PRED) and the arguments (ARG). Who did what to whom will depend either on
the ordering of the ARG branches (in the case of English), or on their cases, or both.

RRG makes extensive use of templates. These templates consist of whole trees and are thus
harder to use in a parsing algorithm than rules. The templates can easily be reduced to rules,
but only at a loss of much important information. The first example in Figure 1 consists of one
large template that gives the overall structure and some simple templates (which are equivalent
to rules) so that elements such as NP and PP can be expanded. An NP is a noun phrase and in
this theory consists of a noun, pronoun or question word. Templates are required to parse
complex noun phrases, such as those with embedded clauses. A PP is a prepositional phrase
and consists of a preposition followed by a NP. Clearly, if we reduce the large template in the
example in Figure 1 to the rule CLAUSE — NP1 V2 NP ADV/PP, a lot of the information
inherent in the structure of the template is lost. A further feature of RRG is that the branches of
the templates do not have to have a fixed order and lines are allowed to cross. The latter is
important for languages such as German and Dutch, where the adverb that makes up the
periphery normally occurs within the core. This feature will be important in our application for
marking work by students for whom English is not their first language.

The above features pose challenges for parsing according to the RRG paradigm. We have
overcome these challenges by making some additions to the standard chart parsing algorithm.
The main innovations are:

a modification to enable parsing with templates

a modification to allow variable word order.

In addition, parsing also includes elements of dependency grammar to find operators and to
determine which word they belong to. At present the most popular methods of parsing are
HPSG (Wahlster 2000; Hou and Cercone 2001; KeSelj 2001) and dependency grammar (Holan
2002; Covington 2003; Chung and Rim 2004). HPSG is good for fixed word order languages,
and dependency grammar is good for free word order languages. The approach to parsing
described below is novel in that it allows parsing with templates and because of the range in
flexibility of word order allowed.

2 Methods

2.1 Outline of the parsing algorithm:

The parsing algorithm relies on correctly tagged text. We use Toolbox (available from SIL:
www.sil.org/computing/toolbox) to tag sentences. Toolbox is a semi-interactive tagging
program. It was chosen because the user can define their own tags and because it is easy to
ensure all tags are correct. This is a good program to use for experimentation. Once the tags
have been finalised an appropriate automatic tagger can be used, or written using standard
techniques. Details of the tags used are given below, and the dictionary used to tag sentences
will be found in Appendix C.
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SENTENC
I

CLAUS PERIPHER
I I
COR CLAUS
N |
AR NUC COR
| | -
NP PRED AR NUC AR
I | I I I
CORE- Vi NP PRED N
I | I I I
NUC- 26"‘3" CORE- v CORE-
I I I |
PR NUC-  woul provid NUC-
I DE N
I |
thi a mor representativ sample
SENTENC
I
CLAUS
I
COR PERIPHER
- I
AR NUC AR ADV/P
I I I I
NP PRED N P
I I I O
CORE- \" CORE- P N
I I I I I
NUC-  woul recommen NUC- i CORE-
PR N NUC-
I I I
I stratifie samplin N
clusters

| Figure 1: Example RRG parse trees
These diagrams show the constituent projection. Words that belong to the operator

projection are linked to the words on which they operate by dotted lines.
Once a sentence has been tagged, there are three parts to the parsing algorithm:

1. Strip the operators. This part removes all words that modify other words. It is based on a
correct tagging of head and modifying words. This stage uses methods from dependency
grammar and the end result is a simplified sentence.

2. Parse the simplified sentence using templates. This is done by collapsing the templates
to rules, parsing using a chart parser and then rebuilding the trees at the end using a
complex manipulation of pointers. The chart parser has been modified to handle varying
degrees of word order flexibility. This is done by working out all the possible
combinations of the ordering using breadth first search. These options are then built into
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a complex data structure in such a way that relevant parts are deleted as parsing
progresses, leaving the correct option according to the data.
3. Draw the resulting parse tree.

Details of the extensions to the chart parser are given below.

2.2 Tagging:

The main things to bear in mind when designing a tagging schema for Role and Reference
Grammar are:

1. It should be easy to separate the operators from the constituents.

2. It should be easy to distinguish between different classes of operators.

3. Words denoting discourse features is words that link sentences together, need to be
handled in a sensible way as these do not feature in the standard RRG description.

4. Words that join clauses together need to be labelled in such a way that the labelling
helps to identify the structure.

The constituents that have operators are nouns and verbs. The tags for verbs are:

V1 A verb that takes one argument

V12 A verb that can take either one or two arguments
V2 A verb that takes two arguments

V23 A verb that can take either two or three arguments
V3 A verb that takes three arguments

BE The verb “to be”

DO The verb “to do”

HAVE The verb “to have”

The verbs “be”, “do” and “have” are tagged separately because they can function either as main
verbs in a sentence or as auxiliaries to other verbs.

Operator tags for verbs are:

PAST Past-tense marker (-ed)

CONT Continuous-aspect marker (-ing)

AUX Auxiliary (*would”, “should”, “may” etc)
NEG The word “not”

HAVE,BE&DO The verbs “to be”, “to do”, and “to have”

There are just four tags for nouns:

N Noun

PN Proper noun

PRO Pronoun

POSSPRO | Possessive pronoun

The tags for nouns are (but note that PRO and POSSPRO do not have operators):

| DET | Determiners (“a”, “an”, “the”)
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QNT Quantifier (“all”’, “some” etc)

NUM Number

DEM Demonstrative (“this”, “these” etc)
ADJ Adjective

NEG The word “not”

The other tags are:

ADV Adverbs, including words like “tomorrow” and “yesterday”

P Preposition

P-BY The preposition “by”. This is included separately because of its importance in the
passive

P-V Prepositions that occur with verbs, e.g. “down”, “out”

DISC Discourse words, e.g. “also”

CONJ Conjunction

RSN Word denoting reason (e.g. “because”, “so that”)

ETHR The word “either”

IF The word “if”

SUBCONJ | The word “that”

EX Word denoting an example (e.g. “such as”)

WH1 WH words that necessitate a pre-core slot (“what”, “which”)

WH2 WH words that do not necessitate a pre-core slot (“why”, “where”, “who”)

Note that in RRG, the key constituent of a sentence is the CORE, which consists of a predicate
and its arguments. In English, there is a strict word order to the constituents of the CORE:
subject, verb, object. In questions, the object comes first if this is the subject of the question. For
example, if we have the sentence “John ate pizza”, we can ask the questions: “What did John
eat?” and “Who ate pizza?” In the latter question, there is no change within the CORE. “Who” is
the subject and we just need to fill in that slot. In the first question, however, “what” appears at
the start of the sentence. As in English, this is the object and would normally appear at the end
of the sentence; RRG theory says that this is outside the CORE. Since it is still really part of the
CORE it goes in a ‘pre-core slot’ (PrCS). The pre-core slot simply tells us that something that is
normally found within the CORE has been moved outside. This is useful information because

we can then investigate why it has been moved outside and discover, for example, that we have
a question.

The other RRG constituent that is important for English is the ‘left detached position’ (LDP). We
can say “John ate pizza yesterday” and “Yesterday, John ate pizza”. In RRG theory, the first
sentence gives us the canonical form and the fact that the position of “yesterday” has changed
in the second sentence is signalled by putting it in a left detached position. This is useful for
working out the emphasis of a sentence. Note that “yesterday” is not considered to be part of
the CORE, but is peripheral information. It therefore goes in a PERIPHERY.

The concepts of pre-core slot and left detached position (LDP) are illustrated in Figure 2.
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SENTENCE

CLAUSE

PrCS CORE #—— PERIPHERY

ARG NUC ARG

PRED
I
NP NP Vv PP ADV
What did Robin give to Leslie Yesterday
SENTENCE
/7}},,,/’”””7” 7\
LDP CLAUSE
7/7,/7/*/’/7/7/7/77\
ADV PrCS CORE PERIPHERY
‘\ | T |
Yesterday, WH ARG NUC ARG ADV/PP
| | | | |
what NP PRED PP PP
PN V3 P NP P NP
| | | | | |
did John show to Pat in the library?

Figure 2: RRG trees showing the use of the left detached position (LDP), pre-core slot
(PrCS) and PERIPHERY

2.3 Stripping the operators:

Before a sentence is parsed, its words are divided into predicates and operators, and the
operators are attached to their predicates. Predicates are words that are modified by operators.
So, for example, adjectives are operators for nouns. In many languages, operators do not
always occur immediately next to their predicates. For this reason, the scope of the search for
the operators for a particular word may include the whole of the clause. However, this is not
always the case. For example, in English the modifying words for nouns always occur
immediately before the noun.

In order to provide some information about where operators may occur for any given language,
the predicates and their associated operators are specified in a grammar file. Examples of such
a file for English and Dyirbal are given in Figure 3. We include information about languages
other than English in this section because RRG was developed with languages other than
English in mind, and because we would like our parser to handle other languages.
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#
# OPGrammar file for English #
# # OPGrammar file for Dyirbal
#
@IGNORE 3S PL
@IGNORE G.1 G.2
@PREDICATE N PN
@OPERATORS DET QNT ADJ NUM @PREDICATE N
@SKIP CONJ @OPERATORS DEIC
@INSERTHEAD CONJ DET NUM : @DEFAULT CASE C.ABS
ADJ @TYPE BEFORE
@TYPE BEFORE CONTIGUOUS NON_CONTIGUOUS
@TYPE AFTER NON_CONTIGUOUS
@PREDICATE V V1 V2 V3 V12 V23 @TYPE AGREEMENT CASE
@OPERATORS AUX PAST CONT NEG
@TYPE BEFORE NON_CONTIGUOUS @PREDICATE V V1 V2 V3 V12 V23
@TYPE AFTER CONTIGUOUS @OPERATORS TNS
@NEXT_PASS
@PREDICATE AUX
@OPERATORS PAST NOT

Figure 3: Grammar files for English and Dyirbal
This file also specifies the strategy for locating operators. There are four search types:

« BEFORE CONTIGUOUS

* AFTER CONTIGUOUS

« BEFORE NON_CONTIGUOUS

* AFTER NON_CONTIGUOUS.

Up to two of these types will be needed depending on whether or not the operators occur before
or after their predicate and whether they are next to (CONTIGUOUS) or separated
(NON_CONTIGUQOUS) from their predicate. For example, operators for English nouns occur
immediately before the noun so the search strategy is BEFORE CONTIGOUS; for French
where adjectives can occur before or after the noun, two search strategies are required:
BEFORE CONTIGUOUS and AFTER CONTIGUOUS. For languages with free word order, such
as Dyirbal, where operators can occur anywhere in the sentence, the search strategy is
BEFORE NON_CONTIGUOUS and AFTER NON_CONTIGUOUS.

The algorithm for attaching operators to predicates is as follows. The sentence is searched from
left to right. When a predicate tag is found, the search strategy for this tag is employed to locate
any operators. If the search strategy is BEFORE CONTIGUOUS, then the search looks back
from the predicate and attaches all words with appropriate operator tags to the predicate. The
search stops when a word with a tag that is not in the list of operator tags is found. If the search
is NON_CONTIGUOUS then the search continues until the start of the clause is reached. Note
that as operators are attached to their predicates, they are removed from the sentence. An
example of removing operators from an English sentence is shown below:

11 The Higher Education Academy October 2008



Peter is not digging the garden

J-—iT [ 7 N S
AUX}INEG { V HCONT - DET HN]|

Peter is not digging the garden

A

[AUXHNEG| [CONT| [DET]

Notice that when the operator removal process is complete, only the tags N V N are left in the
sentence. This is clearly much easier to parse than the original list of tags.

An example for Dyirbal is shown below. The sentence means “The man (yarangu) saw the
woman (dugumbil)”.

Balan dugumbil  buran Bangul yarangu
ba -la -n dugumbil bura -n ba -ngu -| yara -ngu
DEIC -C.ABS -G.2 N V2 -TNS DEIC -C.ERG -G.1 N -C.ERG
Deic -ABS -G.2 woman see -TNS deic -ERG -G.1 man -ERG
Balan  yarangu buran bangul  dugumbil
TN | |
DEIC || N H V HTNS|—- DEIC — N
C.ABS| |[C.ERG C.ERG C.ABS
Balan yarangu buran bangul  dugumbil
N i
N Vo] N
C.ERGW C.ABS
I DEIC
C.ERG
DEIC
C.ABS

Notice how the nouns are matched up according to their cases. This is done with the additional
search type AGREEMENT CASE. In Dyirbal, absolutive case is the default case and is often not
marked. This means that the absolutive case has to be inferred for “dugumbil”. This is achieved
with the additional line @DEFAULT CASE C.ABS.

Noun phrases can be quite complicated. A couple of extra search routines have been added to
handle things like a “red and yellow tulip” or “two red and three yellow tulips”. In the first
instance the conjunction “and” is used to join two adjectives. Normally “and” would mark the end
of the noun phrase because it is often used to join two clauses. This source of confusion is
solved by the addition of @SKIP CONJ. This line means that if you find CONJ between two
identical tags from the list of operator tags then, skip over CONJ, and include it in the list of
operators. An example of the use of this feature is shown below:
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| found a red and yellow tulip

AN [ | [ |
[PROH{ V HPAST|[DET | [ADJ} CONJ}{ADJ }HN]|

ﬁ

fl ?u[{d a\ re< ar<j yell\ow tui)
IPROH V | N
|PA§ST| | [\)ET HA\DJ H C\ONJ H ,SDJ |

In the second case, “two red and three yellow tulips”, there is a noun missing. This will not parse
correctly unless the missing noun is added. The addition of the search routine @INSERTHEAD
solves this problem: @INSERTHEAD CONJ DET NUM : ADJ. This means that if you find a
CONJ preceded by a DET or a NUM and followed by an ADJ, then insert a predicate tag before
the ADJ. The predicate tag is given by the one currently under investigation. Note that this
follows the search direction, which is from right to left in this example:

| found two red and three yellow tulips

[ /N [ [ ] NN &_‘
[PRO{ V HPASTHNUMH{ADJH CONJ - NUM | [ADJ N

M

| found two red @ and three vyellow tulips
[PRO} V \ Vo m FCONJ\ AN &‘\Jj
PAST [NUM }-{ ADJ ]

For languages (such as English and many other European languages) that use auxiliaries both
as modifiers of a main verb and as a stand alone verb when there is no main verb, a single pass
will not pick up the auxiliary as a predicate because AUX is listed in a list of operators, not
predicates. To solve this problem, provision is made for more than one pass through the
sentence. On the first pass, main verbs are sought and their operators are attached to them.
The second pass can mop up any AUX that are left over.

Example:

Peter was in the garden

| | ™S 1 [
[N-{AUXH PAST H P HDET }-{N]|

The first pass simply removed the DET and attaches it to the N.
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Peter was in the garden

[ | | i,
N}AUX}HPAST HP | N
DET

On the second pass, AUX is identified as a predicate and PAST is attached to it.

Peter was in the garden

[ ]
NJ-AUX] 0 N
PAST DET

2.4 Basic chart parser:

A chart parser, or the Earley algorithm, is an old, but efficient method for parsing. It is a method
of ensuring that all appropriate rules get applied to the data, so that all possible parses are
found. This is done in a systematic way. The chart parser was chosen as the basis for RRG
parsing because of its simplicity and efficiency. However, it has been modified to handle
templates (rather than rules) and variable word order flexibility. Note that it does not attempt to
model how people parse sentences.

The chart parser is described in most books on natural language processing (e.g. Allen 1995;
Jurafsky and Martin 2000), but we include it here so that the modifications can be better
understood. The modified chart parser took as its basis a code developed by David Perelman-
Hall and Jamshid Afshar. The code can be obtained from the internet via a search for the file
“chartp10.zip”. The basic chart parsing algorithm outlined here describes the implementation
found in this code.

A chart parser consists of two main objects: a chart and an agenda. It is designed to parse rules
that are contained in a list. The agenda and the chart contain “edges”. Edges contain a start
index and a finish index (which refer to the position in the sentence), a parse tree and a list of
items that need to be satisfied for the rule to be complete. For example, given the sentence
“John ate pizza”, three initial edges are added to the agenda:

[0] john [1]
[Mlate [2]
[2] pizza [3]

where the numbers indicate the positions (start and finish) in the sentence. These edges are
“‘inactive” because the list of items that needs to be satisfied is empty. Edges that have items
that need to be satisfied are “active”.

The agenda holds a list of edges to be considered. These edges are fed to the chart one at a
time for processing. The result of processing an edge is that this edge gets added to the chart,

14 The Higher Education Academy October 2008



and often other edges are generated and placed on the agenda. New edges are generated
either by combining the edge with another edge in the chart or by locating rules that apply to the
edge that has just been added. When an edge is combined with another edge a (partial) parse
tree is generated, often by combining two partial parse trees and the start and finish indices are
updated because the rule will now cover more of the sentence.

The chart consists of a list of active edges and a list of inactive edges. This distinction is
important because active edges can only combine with inactive edges and vice versa. The list
of rules is consulted only when an inactive edge is added to the chart. If an applicable rule is
found, a new edge is created from the rule and added to the agenda. After an edge has been
processed, the chart takes the last edge that was added to the agenda. If this last edge was a
rule, then the rule edge immediately gets combined with the last edge that was processed.

When the agenda is empty and there are no more edges to process, the parse trees can be
obtained from the chart by looking for inactive edges with the appropriate goal (generally S or
SENTENCE) at the top of the tree.

The important methods in this process are those for combining edges and those for finding rules
that apply. It is these methods that have been modified in order to enable parsing with
templates and parsing with varying degrees of word order flexibility.

The actual grammar file used for English is shown in Figure 4. There are a couple of extra
commands in this file: COLLECT and CHANGE. The command COLLECT simply puts all the
DISC tags into a list and then adds them at the top level of the SENTENCE when parsing is
complete. This seemed to be the most sensible of way of dealing with DISC words that link
sentences together. The CHANGE command is included so that passive mood can be picked

up. The lines:
@CHANGE VP23 V23
@BEFOREOPS BE
@AFTEROPS PAST

mean that the tag V23 should be changed to VP23 if the tag BE is found before the tag V23 and
the tag V23 has the PAST tag attached to it. All this is saying is that if you have a verb that is in
past tense and has the auxiliary “to be” attached to it, then you have passive mood, and this
signalled by changing the verb tag to VP instead of V.

2.5 Parsing templates:

The reason for parsing with templates rather than rules is that templates contain a lot more
information. In addition, RRG contains peripheries and links that do not fit into trees in the
normal way but via arrows, as illustrated in Figure 3, which shows an automatically generated
parse tree. Also, by using a template, it is easier to ensure that in sentences with a pre-core slot
(PrCS), for example, an argument really is missing from the CORE. However, parsing with
templates is much harder than with rules.
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#
# OPGrammar file for English
#

@IGNORE 3S PL
@COLLECT DISC

@PREDICATE V V1 V2 V3 V12 V23 BE DO HAVE
@OPERATORS PAST CONT
@TYPE AFTER CONTIGUOUS

@NEXT_PASS

@PREDICATE N PN

@OPERATORS DET QNT ADJ NUM NEG DEM
@INSERTHEAD CONJ DET NUM : ADJ
@TYPE BEFORE CONTIGUOUS

@PREDICATE V V1 V2 V3 V12 V23
@OPERATORS NEG AUX ADV HAVE BE DO
@TYPE BEFORE CONTIGUOUS
@OPERATORS NEG

@TYPE AFTER CONTIGUOUS

@CHANGE VP2 V12 V2
@BEFOREOPS BE

@AFTEROPS PAST

@CHANGE VP23 V23
@BEFOREOPS BE
@AFTEROPS PAST

@CHANGE VP3 V3
@BEFOREOPS BE
@AFTEROPS PAST

@NEXT_PASS

@PREDICATE HAVE BE DO NEG
@LAST

@OPERATORS NEG AUX HAVE BE DO
@TYPE BEFORE CONTIGUOUS
@OPERATORS NEG

@TYPE AFTER CONTIGUOUS

@PREDICATE ADV
@OPERATORS QNT NEG
@TYPE BEFORE CONTIGUOUS

@PREDICATE ADJ

@LAST

@OPERATORS QNT ADJ
@TYPE BEFORE CONTIGUOUS

Figure 4: The complete grammar file for English

Templates are parsed by collapsing all the templates to rules and then rebuilding the correct
parse tree once parsing is complete. This is done by including the template tree in the rule, as
well as the left- and right-hand sides. When rules are combined during parsing, we make sure
that the right-hand side elements of the instantiated rule, as represented in the partial parse
tree, point to the leaves of the appropriate rule template tree. This is especially important when
the order of the leaves of the template may have been changed. The reference number for the
rule that has been applied is also recorded so that it can be found quickly.

Modifying nodes, such as PERIPHERY, cause problems with rebuilding the tree. This is
because such nodes can occur anywhere within the template, including at the root and leaf
levels. Also, if we are dealing with a sub-rule whose root node in the parse tree has a modifying
node, it is not possible to tell whether this is a hangover from the previous template, or part of
the new template. To solve this problem, modifying nodes have flags to say whether they have
been considered or not. There is a potential additional problem with repeated nested rules: if
processing is done in the wrong order, the pointers to the rule template tree get scrambled. To
overcome this problem, each leaf of a template is dealt with before considering sub-rules.

The algorithm for building the tree is:
1. Get the appropriate rule and rule template tree.
2. If the rule tree is of depth 1 and has no embedded modifying nodes (that is modifying
nodes that point to a node other than the root), then simply continue by looking at each of
the children in turn, starting at step 1.
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3. If the rule tree is of depth greater than 1 or there are embedded modifying nodes, then
make the rule template tree point to the appropriate places in the parse tree. This is done
using the links made from the parse tree to the rule template tree during parsing. Note
that the parse tree will consist of simple rule structures of depth 1 and modifying nodes
will show up as children.

4. Clear all the children in the parse tree. This will have the effect of removing any
embedded modifying nodes.

5. Copy all the children of the template tree and copy into the appropriate place in the parse
tree.

6. If the template has modifying nodes, copy that part of the template tree and insert into
the appropriate place in the parse tree.

7. Replace the leaves of the copied template trees with the original leaves. This is possible
because the template leaves are pointing to the original leaves (step 3).

8. Consider each leaf in turn, modifying the parse tree as above (start at step 1 for each
leaf).

2.6 Parsing with fixed, free and constrained word order:

There were two main problems to solve in order to modify the chart parser to handle varying
degrees of word order flexibility:

* working out a notation for denoting how the word order can be modified
* working out a method of parsing using this notation.

The first was achieved by the following notation on the ordering of the leaves of the template,
treating the template as a rule:

1. Fixed word order: leave as itis [N V N].

2. Free word order: insert commas between each element [N, V, N]. (Note that case
information is included as an operator so that the undergoer and actor can be identified
once parsing is complete.)

3. An element has to appear in a fixed position: use angular brackets: [N, <V>, ADV] this
means that N and ADV can occur before or after v, but that V must occur in second
position. Note that this is second position counting constituents, not words.

4. Other kinds of variation can be obtained via bracketing. So, for example, [(N, V) CONJ
(N, V)] means that the N’s and V’s can change order, but that the CONJ must come
between each group. If we had [(N,V),CONJ,(N,V)] Then the N’s and V’s must occur next
to each other, but the group do not have to be separated by the CONJ, which can occur
at the start, in the middle or at the end, but which cannot break up an [N,V] group.

2.7 Modifications to the parsing algorithm:

Parsing was achieved via a structure that encoded all the possible orderings of a rule. So, for
example, the rule CORE—N, V, N would become
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|
|
|

| This means that N or V can occur in any position, and N has to occur twice. The lines between
the boxes enable the “rule” to be updated as elements are found.

CORE f:>{
|
|
|

ZH— <tH ZM

|
a
a
H

Z/A < Zr]

|
H
H
H

Z < ZH

| Using this schema, SENTENCE—(N,V) CONJ (N,V) would become

SENTENCEr:‘>{ ‘ ‘ [ ’ ‘
| ] [ NH N

In this case, the CONJ in the middle is by itself because it has to occur in this position as the
grouping word order is fixed. The groupings of N’s and V’s show where the free word ordering
can occur.

To apply a rule, the first column of the left-hand side of the rule is searched for the token. Any
tokens that do not match are deleted along with the path that leads from them. In the first
example, after an N is found, we would be left with:

cone [ || |

In the second example, after an N is found we would be left with:

[
S

Note that in order for the rule to be satisfied, we must find a V and then a CONJ: there are no
options for position 2 once the element for position 1 has been established.

SENTENCE
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In this way, we can keep track of which elements of a rule have been found and which are still
to be found. Changes in ordering with respect to the template are catered for by making sure
that all instantiated rules point back to the appropriate leaves of the rule template, as described
above.

The different possibilities for each rule are obtained via a breadth first search method that treats
tokens in brackets as blocks. Then the problem becomes one of working out the number of
ways that blocks of different sizes will fit into the number of slots in the rule.

3 Results

The above algorithm was tested on read student texts that formed part of a statistics
assignment. The task was to identify biases in a certain scenario and to suggest a less biased
way of collecting data. There are over 100 of these texts, but as tagging is fairly time
consuming, to date only 15 of these texts have been considered. Some texts were discarded
because they had some formatting in them, such as bulleted lists. Of those texts we could use,
we used the first 45 sentences (six complete texts) to design a set of templates to parse these
sentences. The complete list of templates used will be found in Appendix B, along with a few
comments where these differ from standard RRG theory. These changes were necessary to
ensure correct parses and to reduce the number of parses found. Note that this is the first
attempt to use RRG theory to parse texts. We managed to parse all but one sentence, and this
sentence has an ungrammaticality in it, which is hard to work around. We then applied these
templates to the next six texts (47 sentences) to see how well our current set-up works. Of
these sentences, 15 were parsed correctly. This is about 32%, or 36% if you discount the
ungrammatical sentences that did not parse. Many of the sentences that did not parse did not
do so because their structure had not been modelled. This is not a surprise given that the
templates had only been determined using six texts.

In addition, the lengths of sentences vary from seven words to 63 words, and the distribution
can be seen in the graph in Figure 5, which shows the frequency of the number of words in the
sentences. This shows that most of the sentences are long and thus have a high degree of
complexity. If we add this to the fact that many kinds of ungrammaticalities are handled, we
have to conclude that the results are promising and it is worth continuing with this work.

Although, the preliminary results of applying these algorithms to student texts are very
promising, some issues have been highlighted. The method parses relatively simple sentences
correctly, and the main arguments and verbs are found. In addition, some very long and
complicated sentences are parsed correctly, and many kinds of grammatical errors do not
cause any problems. A complete set of results can be found in Appendix A.
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Figure 5: Graph showing the frequency of sentence lengths in the analysed texts

An example of a correctly parsed sentence is: “l would target main areas populated by students
and would attend the same place at different times and during the day.” The parse tree for this
example is given in Figure 6. Note that the complex object “main areas populated by students”
has been parsed correctly and that the tree attaches the qualifying phrase to “area” so that it is
clear what is being qualified. An important source of ambiguity in English sentences is caused
by prepositional phrases, and this is a main cause of multiple parses of a sentence. In this
example, the phrases “at different times” and “during the day” are placed together in the
periphery of the CORE, although arguably they should have a different structure. This is a
design decision to limit the number of parses. This kind of information needs semantic
information to sort out what attaches to what. This cannot be obtained purely from the syntax.

An example of an ungrammatical sentence that is correctly parsed is: “Results from the
observations would be less bias if the sample again was not limit the students in the labs
between 9:30 and 10:30 on a Thursday morning.” (The parse tree for which is given in Figure
7.) This sentence parses correctly because the affix that should be on “limit” is an operator and
the correctness of the operators is not checked during the parsing process. The word “bias” is
labelled as a noun and gets attached as the second argument to “would be”, although it should
be “biased”, which would get it labelled as an adjective. Despite these errors, the meaning of
the sentence is clear and the parse will enable the meaning to be deduced.

The following sentence produces two parses (one correct and one incorrect): “Therefore, asking
only the students present on a Thursday morning will exclude all the students that either have
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no lessons or are not present.” The incorrect parse breaks up “Thursday morning” to give two
clauses: (1) “Asking only students present on a Thursday” and (2) “Morning will exclude all the
students that either have no lessons or are not present.”

In the first clause, the subject is “asking only students”, the main verb is “present” and the object
is “on a Thursday morning”. This does not make sense, but it is syntactically correct as far as
the main constituents are concerned. Similarly, the second clause is also syntactically correct,
although it does not make sense. There are two ways of eliminating this parse. The first is to do
a semantic analysis; the second is to not allow two clauses juxtaposed next to each other
without punctuation such as a comma. However, students tend to not be very good at getting
their punctuation correct. The current implementation of the parsing algorithm ignores all
punctuation other than full stops for this reason. In fact, there is a trade-off between allowing the
system to parse ungrammatical sentences and the number of parse trees produced. More
flexibility in grammatical errors increases the number of parse trees.

An issue that makes parsing problematic is that of adverbs. These tend to be allowed to occur
within several places within the core and some, such as “yesterday”, modify groups of words
rather than a single word. The best solution, given their relative freedom of placing and the fact
that sorting out where best to put them is more a meaning than a syntactic issue, would be to
remove them and work out where they belong once the main verb and arguments have been
identified.

Most of the above issues have to be left to an analysis of meaning to sort out the correct parse.
There is no clear division between syntax and semantics. However there is another issue that
has been highlighted to do with grammar and punctuation. How tolerant of errors should the
system be? We have shown that errors in the operators do not cause problems for the parser,
and errors in the placing of adverbs are relatively easy to deal with, but errors in the main
constituents are not handled. For example, the phrase “the main people you need to ask will not
be in the labs so early unless that have got work to hand in” occurs in one of the texts. The
current algorithm will not handle these kinds of mistakes. Should the system be able to handle
these kinds of mistakes, or should students be encouraged to improve their writing skills?
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SENTENCE
|

CLAUSE
oE T M mEMme
mme CO‘NJ NUQ/\ARG
} D N -~ PRED2 NP
v COREN ¢ PERIPHERY would e TREN
would targ‘]et NUl:—N CLAU/SE 777777 NUC|-N
______ l\ll CORE|-MIN <—PERIPHERY thg same plaée
main are|as NU|C2 PP-gY s J'
S | T
PRED2 P-BY NP

| | \
populated by students

Figure 6: An example of a correctly parsed sentence
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SENTENCE
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|
(ORE
ARG NUC
| |
NP1 PRED
\ |
(OREN V-AUX
. |
NUGN pp BE
| _— |
Results P NP would be
| I
from COREN less
| L
NUCN
|
N
I
the observations

LNK

RG if
|
NP
|
COREN
|
NUGN
|
N

bias

PERPPHERY
QAUSE
(I)‘RE PERPHERY
mmG ADV/|PP
the sam‘ple PRE|D2 N|P PP—//’PP7\PP
L | T . _
2 COREN P NP P NP P NP
again - was  not IirrLit NU(liN in COREN betw<|een CORI|E-N or|1 (OREN
--------- '-'- -’-; N| the Iat‘)s NU(|I-N NUCGN COREN
the stude?nts T NUGN  LNK —NUGN l|\l NUCN
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9:3|0 anld 10:%0 _____ | m omi‘ng.

Figure 7: An example of a correctly parsed ungrammatical sentence
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4 Conclusions and future work

Although, the initial results are promising, a lot more work needs to be done before this work
can be included in an automatic marking system. Determining a good set of templates
according to RRG theory is hard, and it is extremely difficult to keep the number of parses down
to a small number. The work has now got to a point where experts on RRG need to look at the
sentences and the templates to correct them and to see if any modifications need to be made to
the theory. At present, there is no way of finding out which templates were applied in order to
construct a parse, but this addition will be essential in order to do more analysis about the
templates used.

We also need to look at the tagging process, and again professional linguists need to be
involved with this. Compared to tagged corpuses, few tags have been used in this work, and it
may be that it will be easier to achieve better results via the use of more verb and/or noun
classes. At present, the operators that get attached to head words are not included in parsing,
but again results may be improved by changing this. One way of changing this is to change the
tags in the grammar file as currently happens to identify passive mood. For example, we could
have a look to see if “CONT” is included and then change the tag, as this plays a part in many
constructions. However, we have to be careful about how much we do this because the more
we tie down the verb forms, the fewer ungrammaticalities are likely to be handled.

One particularly difficult aspect of parsing has been the noun phrases and the forms of
arguments of verbs. When an argument is a straightforward noun phrase, parsing is
straightforward, but we have numerous examples where the arguments are very complex noun
phrases or another complex structure. An example of a complex noun phrase is: “possible
sources of bias introduced into finding out students clubbing habits by asking those in the labs
between 9:30 and 10:30 on a Thursday morning”. This noun phrase is parsed correctly, but so
far other kinds of complex arguments are not, such as “by randomly selecting an equal amount
of students out of each year on varying courses by using their student ID email and sending
them a questionnaire or just asking at popular locations within the campus, keeping a tally in
order to meet the specification of the sample”. All the latter is a single argument to “This could
be done”. Clearly the sentence would be easier both to parse and for other people to
understand if it was broken up into several sentences. If the computer is to be able to mark
student text automatically, however, this level of complexity really should be handled.

One line of attack to handle complexity would be to compare these examples with texts where
(unlike for these examples) students are given marks for presentation and grammar. It may be
that these texts are much easier to parse, and if this is the case, then we may be able to put
some constraints on the complexity of sentences that students are allowed to input to an
automatic marking system. One constraint that it would be useful to add would be to constrain
the formatting that students are allowed to use. Formatting in the form of bulleted lists,
especially of paragraphs, is a topic we have not even considered. It should be possible to
handle other types of formatting such as simple lists or the use of colons, which are not handled
at present, but even this adds a significant level of complexity to the parsing problem.

At present, verbs are simply categorised depending on how many arguments they take. Parsing
may be easier if we could take into account the kind of arguments they take. For example, the
verb “eat” is generally found with relatively simple arguments, whereas “suggest” or
‘recommend” generally take much more complex arguments. In the future, we plan to use this
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work as the first stage in a system that uses a new semantic framework, ULM (Universal Lexical
Metalanguage) [17], to compare the meaning of student texts with a (single) model answer. A
core part of ULM is to link syntactic structure and semantics together, and part of this is to
specify the types of arguments in more detail along with the syntactic structure that goes with
them. For example, the verb “see” takes simple arguments when used with standard simple
sentence structure (such as “l see lots of trees”), but more complex arguments when used in a
more figurative sense, as in “| see that Jim has gone home”.

The ultimate aim of using ULM would be to enable us to convert text to a meaning
representation. The aim is to build up a meaning representation from several sentences and
then compare the meaning of the student text with the model answer — even when the words
used are not the same. Clearly much work needs to be done before this aim is achieved.
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Appendix A: Results for parsing student texts

In the following tables the first column is the sentence, the middle column gives the number of pe

contains comments on what is going on.

Text 1

Possible sources of bias introduced into finding out students clubbing habits by
asking those in the labs between 9:30 and 10:30 on a Thursday morning include
the possible absence in the labs of anyone who has been out clubbing and had
a late night the night before as they may be too tired or hung-over to attend
university so early the next day.

A better way of obtaining this information would be to ask students over a
variety of times on every day of the week so students who have been out the
night before clubbing would not be excluded from answering by the sampling
technique employed being unsuitable.

12

Periphe

Alternatively you could track down or email every tenth (or different depending
on the sample size wanted) person on a list of student ID numbers obtained
from the university.

Everytr
Multiple
periphe
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Text 2

There is a lack of a good sampling frame because most students who go out
clubbing will tend to choose nights where they don't have lectures or tutorials in
the morning.

Peripheries and difference in placement of
“lectures or tutorials”.

Therefore, asking only the students present on a Thursday morning will exclude
all the students that either have no lessons or are not present.

Also, not all students use the labs on a Thursday and some don't use them at
all.

Therefore this isn't a representative sample, it is biased towards students who
have lessons in the lab on Thursday morning and towards those students who
don’t tend to go out during the mid week.

44

Periphery is something of a mess.

To obtain a representative sample the survey should be carried out at regular
intervals during the day and at different locations.

| would recommend stratified sampling in clusters.

—

| would target main areas populated by students and would attend the same
place at different times during the day.

| would also target tutorial groups of different faculties to see if there is a
significant difference in the clubbing habits of students in different schools.

| believe this would provide a more representative sample.
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Text 3

Here the population being observed are students and their clubbing habits.

The “population being observed’ is either
NP1->CORE-PASS or a CORE-N with a
periphery, which is a CORE-MIN with a
VP2

This type of sample described here could be termed a convenience sample "a
sample that consists of population items that are easily accessed".

A lab full of students is not an accurate sample of the population of all students that
go clubbing.

In order to accurately choose a sample for collecting data, it would be more prudent
to not limit the sample group to that of the students in the labs.

Not all students use the labs.

Results from the observations would be less bias if the sample again was not limit
the students in the labs between 9:30 and 10:30 on a Thursday morning.

UNGRAMMATICAL

The sample should try to get feedback from students that would be in University at
a different times in a day (students have lectures and classes at different times in
the day) and on a number of days in the week.

Peripheries

The time at which the sample is being employed "between 9:30 and 10:30" may be
considered early for those students out clubbing the night before.

This would lead to feedback from a sample which is not an accurate reflection of
the population being observed.

The type of sample sought here needs to be more of a subset (a smaller group), of
the population being observed.

A more random sample of a population could be used to achieve the goal of finding
a representation of the entire population without any preference.

In order to get more accurate results, a stratified random sample should be
employed here.

This is where the population is divided into similar, non-overlapping groups.

Then a simple sample is chosen from each group.

This would be more of a prudent approach as students are in University in most
cases not everyday, students go to University at different times of the day and they
are on different types of courses.

The fact that students go to different University should also be an included factor.

UNGRAMMATICAL
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Text 4

The scenario about the clubbing habits of students is a very bias way of collecting
information.

There are many better ways of obtaining this information and making it more
accurate and that will make it more consistent.

| would start off by changing the type of people which are being asked this is
because you are only targeting the students which are in are using the labs.

This means you are only asking people who are using computers and not asking
other types of students such as art students, PE students etc.

So this means that the results will not be accurate because students from all areas
have not been covered.

The second problem is that the time which the information is collected is not
suitable firstly that people that do go out which are the main people you need to ask
will not be in the labs so early unless that have got work to hand in.

The best solution would be to change the time and ask people through out the
whole day starting at 9:30 and finishing at 5:30.

Text 5

This is not handled because of the format of its sentences: headings followed by ‘..

Text 6

Taking results on a Thursday morning between 9:30 and10:30 in the morningis | 2
bias as students who go out clubbing are not likely to be in the labs.

A better idea would be to take the results at a later time or even do the survey 4
via e-mail where students can submit an answer at any time.

This means that no students will be left out because they could not make it to 1
the early lab session due to clubbing.
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Text 7

The first part of this scenario that may cause area of bias is that the time of the
questioning is going on at a very early time, considering the fact that they are
asking the question of clubbing habits.

It would be a much better idea to start the survey a bit later so to make sure you
have not missed any of the clubbers of the previous night.

Another bad point of the survey is that it only goes on for one hour; this is just
not enough time to get enough questions asked to the students.

Location of the “the students”.

A much better time scale would be to conduct the survey between maybe 10:30
and 16:30, so you would get the students at all peak time.

The survey is also only being conducted on one day, which is Thursday.

This would also show bias as some days may have different kinds of nights and
different kind of offers which would in turn creates a different kind of “Clubber”.

DN

Therefore it would be necessary to conduct the survey on different days, such
as Monday too Friday, so you don’t miss vital information.

UNGRAMMATICAL: “too” instead of “to”.

A set of templates was made based on the above texts. Out of 45 sentences, only one failed to parse.

The same set of templates was applied to the following texts. Of these 47 sentences, 16 parsed, giving a success rate of 34%. This
rises to 38% if you discount the ungrammatical sentences that failed. However, as we will see below, some of this is because some
structures have not been included in the templates. When these are also incorporated, the success rate should increase.

Text 8
This is not handled because of bulleted lists.
Text 9

This is not handled because of formatted lists.
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Text 10

Students who are actively taking part in clubbing entertainment are less likely to
be present at the 9:30 — 10:30 labs at university, and even if they were they may
be less likely to share their beliefs as accurately as the other students not
participating in clubbing due to their current state of health!

The problem here is “9:30 — 10:30”: we
ignore punctuation, and so this does not
make sense.

This means that the sample would not be representative of the student
population.

It should also be taken into consideration that the typical sample size of a
morning lab would be too small to represent the whole student body.

An example of serious bias could be if it was a lab of final year students, this
samples work ethics on average would be expected to be far more disciplined
than a student earlier on in the course with more available time to participate in
such activities

UNGRAMMATICAL and we do not yet
deal with comparative constructions.

In order to obtain a more accurate reading of students clubbing habits it would
be better to observe students while clubbing, maybe contact local clubs and ask
which nights attract the most and least students.

This would have an accurate backbone as student nights often require ID upon
entry.

If a sample was to be targeted at the university a broader sample should be
chosen throughout all courses and course years.

The problem here is that construction like
“‘was to be” are not handled

This could be done by randomly selecting an equal amount of students out of
each year on varying courses by using their student ID email and sending them
a questionnaire or just asking at popular locations within the campus keeping a
tally in order to meet the specification of the sample.

We do not handle prepositions next to
each other, such as “out of”, although we
could amalgamate these into a single
preposition.

Text 11

The best way to collect the information about students clubbing habits is the
questionnaire, in which you could ask variety of questions such as logical, open
and close questions depending on the depth of the research.

We cannot yet handle “the best way to”,
although we could turn it into an
expression like “in order to”.

However the information can also be collected by interviewing individuals about
their clubbing habits face to face, which is more time consuming than the
qguestionnaire but more efficient method.

Comparative construction not yet handled.
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Text 12

Students who had been out clubbing the night before would not be in the labs
between 9:30 and 10:30!

Initially | would suggest going and interviewing people in club queues at night, 2 he construction “l would suggest ...” is
but then you would only get students who go out clubbing. not handled properly

So | would suggest asking people within the university campus between the 0 “l would suggest ...” is not yet handled
hours of 2 and 4 pm.

This would give an unbiased collection of data. 2

Text 13

The sample chosen will produce inaccurate results. 1

For one, the time chosen to conduct the survey is limiting the sample to those 0 “For one” is not handled.

students who attend in the morning.

Generally students who go out clubbing may not get up in time for 9:30am! 1

Also the sample may not be representative of the student population. 1

| would recommend using stratified sampling, breaking up the students into age | 0 “I would recommend ...” is not handled.

groups 18 — 20, 21 -23, 23+ etc. and then using random sampling techniques to
select an equal number of students from each age group using their student id.
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Text 14

In the survey | found that the there were a few bias areas.

UNGRAMMATICAL: “that the there were”.

These are that it has poor sampling because it is only a small sample due to it
being in the labs in short time period.

» | O

Also due to the fact that it was between 9.30 and 10.30 in the morning students
that had been out the night before may not have attended the early morning
lessons.

“Due to the fact that ...” is not handled.

With it only being in the labs you will only target one class, this would give
inaccurate data the students in the group that go out a lot or never go out at all
this would not represent all students.

22

My suggestion to retrieve better data would be to use random sampling, i.e
stand out side the James Graham building between the times of 1 and 2 this

way the students who have been out the night before will be more likely to be in.

The structure of the sentence is not
handled.

Depending on the time limit you have to retrieve this information you could take
samples from different days and different areas i.e outside the bar.

The structures “depending on ...” and “i.e.”
are not handled.
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Text 15

The scenario demonstrates the use of a poor sampling frame.

The population in this case would be simply all students (it does not specify
whether they attend LMU or even if they go to university!).

NN

So from this we can say that the sampling frame (the group of people that we
will consider sampling) is all students that attend LMU Beckett Park Campus
(being that we are in Leeds | assume the labs that the scenario refers to are in
Leeds Metropolitan University’s Beckett Park campus!).

“From this, we can say that ...” is not
handled.

This is a poor sampling frame for this investigation because the night life in
Leeds might be better/worse than the night life in York, Nottingham,
Birmingham, Newcastle etc.

Comparative and a list.

This would mean that students go out more/less in Leeds than the other cities
and because of this it would not give us a representative sample.

Comparative and “more/less”.

Another reason that the results of this investigation will not be representative is
because it also demonstrates the use of a poor sampling unit (the people that
are going to get sampled).

The sampling unit in this case is all students that are in the labs between the
time 9.30 and 10.30.

Doesn’t like “the sampling unit in this
case’.

This is a poor choice of sampling unit because the students that do go out to
clubs regularly would probably go to the clubs the night before, making them
liable to not be present when the sample is being taken the following morning.

The use of “when” is causing problems.

On the same kind of lines, Wednesday night might be the best night to go
clubbing so all the students that do go clubbing will go on a Wednesday night
also making them liable to miss the sampling leaving us with a set of students
that don’t particularly like clubbing.

Along side the previous two sources of bias, is the fact that the sample is far too
small, for one were only in one city out of all students and further still were only
at one campus, and further more, were narrowing the investigation down to
students studying within a set of labs at Beckett Park campus in the space of 60
minutes.

Problems with “along side”.

This is quite obviously too small for the investigation that we wish to carry out in
the given scenario.

Two adverbs next to each other

A bias could also be set on the scenario by the questions that we decide to ask
the students about clubbing habits.

Fails to pick up the passive construction
because “set” is marked with past or pass

The person carrying out the investigation might favour one set of clubs over

The structure of the sentence is not
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another and therefore making them liable to ask question directed at those set
of clubs as opposed to the clubbing scene as a whole.

handled.

Another case of putting a bias on the scenario is that of actually going to labs.

We cannot yet handle “is that”.

Students will (should) be in the labs to do work at that time and if were just
going to go and ask them questions on clubbing, they might not be interested in
clubbing and want to carry on with their work instead.

oo

UNGRAMMATICAL: “if were” (no subject).

This would leave us with the group of students that do like clubbing.

The problem with this is that the sampling unit has become even smaller and
that the people that were left with all (in general) like clubbing, which would
swing the results in favour of clubbing.

oo

A better way of obtaining this information would be to randomly select some
towns and cities in England and then randomly select universities within these.

Then | would wait outside of the lecture theatre and survey students via
questionnaire that way between the times 0900 and 1700.

UNGRAMMATICAL: “outside of” and “via
questionnaire that way”.

This might have a problem of students having additional timetable classes
following the lecture meaning that they would not be willing to participate in such
a survey but a lot of lectures finish before the scheduled hour so it wouldn’t be
an as bigger problem as we would have first thought.

UNGRAMMATICAL: “an as bigger
problem” and construction is too complex

This still might have the problem of eliminating the students that go out all the
time and are at university just for the night life instead of the degree but this
probably isn’t an as bigger problem either because you can'’t really class them
as students if their not attending classes.

Too complex.

So the survey would be changed to finding out the clubbing habits of students
that attend classes.
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Appendix B: RRG templates for parsing student texts

SENTENCE

CLAUSE
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CORE

Core1 Core1periph
CORE CORE <— PERIPHERY
ARG  NUC1 ARG  NUC1 ADV/PP
NP1 NP1
Core2 Core2periph
CORE CORE «<——— PERIPHERY

/\
|
ARG NUC2 ARG

NP1 NP

_— ~
_— ~_
_—

ARG  NUC2 ARG ADV/PP

NP1 NP

Core2-2
CORE

|
ARG  NUC2 ARG

Core2-2periph
CORE <———— PERIPHERY
ARG  NUC2 ARG ADV/PP

NP1 PP NP1 PP
Core2-complex Core3
CORE CORE
— \ — — \
ARG NUC2 ARG — /\ -

Py
7 T~
7 ~—
— ~~

NPI NUC2 LNK—>NUC2 NP

TO

ARG NUC3 ARG ARG

NP1 NP PP

Coreaux
CORE

I

ARG NUC ARG

NP1 PRED NP

Coreaux-periph
CORE <———— PERIPHERY

T

_— ~

ARG  NUC ARG ADV/PP

NP1 PRED NP

V-AUX
V-AUX
Coreaux2 Coreaux2-periph
% CORE <— PERIPHERY
ARG  NUC

NP1

ARG NUC  ADV/PP

NP1
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CORE-MIN

A CORE-MIN is a core where the first argument is missing. It is not included in official RRG
theory, but the notion is useful to ensure that there really is an argument missing. In English,
this is the second argument. This definition of CORE-MIN does not include the case where the

first argument is missing.

Core1-min Core1-min-periph
CORE-MIN CORE-MIN <— PERIPHERY
NUC1 NUC1 ADV/PP
Core2-min Core2-min-periph
CORE-MIN CORE-MIN <— PERIPHERY
Nué}(; NUC2 ATG ADV/PP
‘ NP
NP
Core2-2-min Core2-3-min
CORE-MIN CORE-MIN
/\ /
/
NUC2  AAJ NUC2ARG
PP PRED2 NP ADJ
Core-min Core-min-periph
CORE-MIN CORE-MIN <— PERIPHERY
NUC NUC ADV/PP
Core-min2 Core-min-con;j
CORE-MIN <—— PERIPHERY CORE-MIN
/// — - T —
NUC ADV/PP CORE-MIN LNK —> CORE-MIN
V-AUX  P-V ADJ
Core-min3 Core-min3-periph
CORE-MIN CORE-MIN <— PERIPHERY
NUC NP NUC NP ADV/PP
v-/‘AUX V-AUX
Core-min4 Core-min4-periph
CORE-MIN CORE-MIN <— PERIPHERY
NUC NUC ADV/PP
V-AUX  AAJ V-AUX A,‘AJ
PP PP
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| CORE-PASS

A CORE-PASS is included in order to model passive mood. Again, this is not part of official
RRG theory, but it is useful for ensuring that the second argument (the object) has been
promoted to the first argument (subject position). It is also useful for ensuring that the verb has

| the correct form.

Core2-pass
CORE-PASS

ARG NUC2-PASS

NP1

Core2-pass-periph
CORE-PASS <— PERIPHERY

ARG  NUC2-PASS  ADV/PP

NP1

Core2-pass-min
CORE-PASS-MIN

NUC2-PASS

CORE-PASS

ARG  NUC3-PASS PP

NP1

Core3-pass Core3-pass-periph

CORE-PASS <————— PERIPHERY

ARG  NUC3-PASS PP PP-BY

NP1
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NUC

Nuc-coord
NUC2

NUC2  LNK—> NUC2

CONJ
Nuc1 Nuc1-2
NUC1 UC1\
‘ /// \
PREDT PRED1 P-V  ADJ
Nuc1-3 Nuc1-3

NUC1 NUC1
PRED1  ADJ PRED1  P-V
Nuc?2 Nuc2-2
NUC?2 NUC2
PRED2 PRED2  P-V
Nuc2-3 Nuc2-4

NUC2 NUC2

/ \\\\\\

PRED2 P-v. ADJ

V-AUX LNK—NUC2

TO
Nuc3 Nuc4
NUC3 NUC
PRED3 V-AUX
Nuc Nuc-2
NUC NUC
V-AUX PRED V-AUX P-V
Nuc-3 Nuc3-pass1
NUC NUC3-PASS
/‘\
P N
V-AUX P-V  ADJ PPRED3
Nuc2-pass1 Nuc2-pass2
NUC2-PASS NUC2-PASS
PPRED2

PPRED2 P-v
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PRED

Pred1 Pred1-2
PRED1 PRED1
V1 V12
Pred2 Pred2-2
PRED2 PRED2
V2 V12
Pred2-3 Pred2-4
PRED?2 PRED?2
V23 \
Pred3
PRED3
|
V3
Pred-1 Pred-2
PRED PRED
PRED  LNK— PRED
ADJ ‘
CONJ
PPred2-1 PPred2-2
PPRED2 PPRED?2
Vﬁz VP23
PPred3-1 PPred3-2
PPRED3 PPRED3
| |
‘ |
VP3 VP23
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V-AUX

V-aux1 V-aux2
V-AUX V-AUX
DO BE
V-aux3
V-AUX
|
|
I
HAVE
ADV/PP
Adv/pp1 Adv/pp2
ADV/PP ADV/PP
ADV ‘
PP
Adv/pp3 Adv/pp4
ADV/PP ADV/PP
PP ADV PP/\PP
Adv/pp5 Adv/pp6
ADV/PP ADV/PP
PP PP PP AP
Adv/pp7 Adv/pp8
ADV/PP ADV/PP
AP ADV PP-B
Adv/pp9 Adv/pp10
ADV/PP ADV/PP
|
| |
/:\ PP-BY
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PP

PP PP2
P NP P NP
CORE-N
CORE-MIN
PP3 PP4
PP PP
P LNK— PP TO/\NP
CONJ
PP5 PP6
NP P /\
| TO  ADJ
CORE-N
NUC-N
N
PP-N PP-N2
PP-N K
PN NP PN NP
CORE-N
CORE-MIN
AP PP-BY
AP PP-BY
ADV NP P-mp
PP-BY2 PP-BY3
PP-BY PP-BY
TN
P-BY N‘P P-BY NP
COR‘E'N CORE-N
CORE-MIN ‘
CORE
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NP

NP NP-CONJ
NP NP
CORE-N NP LNK —> NP
CONJ
NP-NPIP NPIP
NP NPIP
NPIP  CORE-N POSSPRO
NP1
NP1 NP1-2
NP1 NP1
CORE-N CORE-MIN
NP1-3 NP1-4
NP1 NP1
CORE-N CORE-PASS
NUC-N PP

46




CORE-N

Core-N Core-N-PPN
CORE-N w
NUC-N NUC-N PP-N
Core-N-nuc Core-N2
CORE-N CORE-N <— PERIPHERY

NUC-N  CORE-N

N

NUC-N ADJ  PP-N

Core-N-subconj
CORE-N

_— —

NUC-N LNK —— CLAUSE

SUBCONJ CORE

Core-N-subconj2
CORE-N <—— PERIPHERY

NUC-N CLAUSE

TN

PrCS  CORE-MIN

SUBCONJ
Core-N-subconj3 Core-N-ETHR
CORE-N < PERIPHERY (COREN
NUC-N CLAUSE NUCN'-NK CLAUSE
prc/s/// / CORE-PASS-MIN SUBCONJ ETFiiiﬁﬁg&rzE-M|N LNKW;EBEFEE-MIN
SUBCONJ CONJ
Core-N-WH1 Core-N-WH1-2

CORE-N <—— PERIPHERY

NUC-N CLAUSE

N

PrCS  CORE-MIN

CORE-N «<— PERIPHERY

NUC-N CLAUSE

PrCS  CORE-PASS-MIN

WHA WH1
Core-N-WH1-3 Core-N-WH2
CORE-N «<—— PERIPHERY CORE-N <— PERIPHERY
NUC-N CLAUSE NUC-N CLAUSE
orcs co\RE-PAss PrCS  CORE
WH1 WH2
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Core-N-WH1-TO
CORE-N «<—— PERIPHERY

NUC-N CLAUSE

PrCS  CORE-MIN  LNK —> CORE-MIN

WH1 TO

Core-WH1-TO2
CORE-N < PERIPHERY

NUC-N CLAUSE

=

PrCS  CORE-MIN

WHI1 NUC2 TO

LNK —> CORE-MIN

Core-N-periph
CORE-N <— PERIPHERY

NUC-N CLAUSE
N CORE-MIN
NUC2

Core-N6-periph-BY
CORE-N <— PERIPHERY

NUC-N CLAUSE
N CORE-MIN <— PERIPHERY
NUC2 PP-BY

Core-N-periph2
CORE-N <— PERIPHERY

NUC-N CLAUSE

N CORE-MIN

PPREDZ

Core-N-complex
CORE-N «<———— PERIPHERY

NUC-N CLAUSE <——— PERIPHERY
//x
PrCS CORE-MIN CLAUSE
SUBCONJ

Core-N-periph3
CORE-N <— PERIPHERY

NUC-N CLAUSE
l‘\l CORE-MIN
NUC2 ARG
.

Core-N-periph3-BY
CORE-N <— PERIPHERY

NUC-N CLAUSE

N CORE-MIN <— PERIPHERY

NUC2 ARG PP-BY

PP

Core-N-periph4
CORE-N <——— PERIPHERY

NUC-N CLAUS/E/\CDUSE
N CORE-MIN CORE-MIN
NUC2 NUC
PRED
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NUC-N

Nuc-N Nuc-N2
NUC-N NUC-N
N PN

Nuc-N3 Nuc-N4
NUC-N NUC-N

PRO DEM
Nuc-N5 Nuc-N6
NUC-N NUC-N

QNT WH1
RSN
RSN RSN2

RSN RSN

1
TO V12 IF IF
RSN3

RSN
RSN RSN
MISCELLANEOUS
Conj
CONJ

N

CONJ  SUBCONJ

49




Appendix C: Dictionary used for tagging

a DET
a lot ADV
about P
absence N
access V2
account N
accurate ADJ
accurately ADV
achieve V2
actively ADV
activity N
actually ADV
additional ADJ
again ADV
age N
all QNT
along P
also DISC
alternative ADJ
alternatively DIsC
am ADV
amount N
and CONJ
another ADJ
answer viz
answer N
any QNT
anyone PRO
approach N
area N
art N
as RSN
as opposed RSN
ask V23
assume V2
at P
attend V2
attract V2
available ADJ

average N
backbone N
Bad ADJ
Bar N
Be BE
because RSN
Beckett Park PN
become V2
before ADV
Belief N
believe viz
Best ADJ
better ADJ
between P
bias V1
bias N
biased ADJ
big ADJ
Birmingham PN
bit N
body N
break V12
broad ADJ
building N
but CONJ
by P-BY
cafeteria N
campus N
can AUX
carry V2
case N
cause V2
change V2
choice N
choose V2
city N
class N
close V2
club N
clubber N
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clubbing ADJ
clubbing V1
cluster N
collect V2
collection N
computer N
conduct V2
consider V2
consideration N
considering RSN
consist V1
consistent ADJ
consume V2
contact V2
convenience ADJ
could AUX
course N
cover V2
create V2
current ADJ
data N
day N
decide V2
degree N
demonstrate viz
depend V1
depth N
describe V2
difference N
different ADJ
direct V23
discipline V2
divide V1
do DO
down P-v
due to RSN
during P
each QNT
early ADV
early ADJ
easily ADV
—ed PAST

efficient ADJ
either ETHR
eliminate V2
email V2
email N
employ V2
England PN
enough QNT
entertainment N
entire ADJ
entry N
equal ADJ
—er COMP
etc DISC
ethics N
even ADV
every QNT
everyday ADV
example N
exclude Va3
expect V2
face N
fact N
factor N
faculty N
far ADJ
favour V2
feedback N
few QNT
final ADJ
find V2
finish V12
first QNT
firstly CONJ
following ADJ
for P
frame N
friday N
from P
full ADJ
further more ADV
further still ADV
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gather V2
general ADJ
generally ADV
get V12
give V23
go V1
goal N
good ADJ
Graham PN
group N
habit N
hand V2
hangover N
have HAVE
health N
here ADV
hour N
however DIsC
hung-over ADJ
| PRO
ID N
idea N

ie EX
if IF

in P

in P-V
in order to 70
in turn ADV
inaccurate ADJ
include V2
included ADJ
individual N
information N
-ing CONT
initially ADV
instead ADV
interested ADJ
interval N
interview V2
into P
introduce V2
investigation N

it PRO
item N
James PN
just ADJ
keep V2
kind N
lab N
lack N
late ADJ
lead 4
least QNT
leave viz
lecture N
Leeds PN
less QNT
lesson N
liable V2
life N
like V2
likely ADJ
limit V2
line N
list N
LMU N
local ADJ
location N
logical ADJ
main ADJ
make V2
many QNT
may AUX
maybe CONJ
mean V1
meet V2
method N
metropolitan ADJ
mid ADJ
might AUX
minute N
miss v2
monday N
more ADJ
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N

morning

most QNT
much QNT
my POSSPRO
-n PASS
narrow V2
necessary ADJ
need V2
never ADV
Newcastle PN
next ADJ
night N
no NEG
non-overlapping ADJ
not NEG
Nottingham PN
number N
observation N
observe V2
obtain V2
obviously ADV
of P-N
off P-V
offer N
often ADV
on P
on P-V
one NUM
only ADV
open ADJ
or CONJ
order 4
other QNT
out P-v
outside P
over P
overlapping ADJ
part N
participate V2
particularly ADV
PE N
peak N

people N
period N
person N
picture N
place N
pm ADV
point N
poor ADJ
popular ADJ
populate V2
population N
possible ADJ
preference N
present V1
previous ADJ
probably ADV
problem N
produce V2
provide V2
prudent ADJ
put V23
question N
question V2
guestioning N
qguestionnaire N
queue N
quite ADV
r COMP
random ADJ
randomly ADV
read V12
reading N
really ADV
reason N
recommend V2
refer V2
reflection N
regular ADJ
regularly ADV
represent V2
representation N
representative ADJ
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require V2
research N
response N
result N
retrieve V2
S PL
s 3S
same ADJ
sample N
sampling N
say V23
scale N
scenario N
scene N
scheduled ADJ
school N
second QNT
see V12
seek V12
select V2
send V2
serious ADJ
session N
set V12
share V2
short ADJ
should AUX
show V2
side N
significant ADJ
similar ADJ
simple ADJ
simply ADV
size N
small ADJ
SO QNT
SO RSN
SO DISC
solution N
some QNT
sought

source N

space
specification N
specify V2
stand V12
start viz
state N
still ADV
stratified ADJ
stratify v
student N
study Viz
submit V2
subset N
such SUBCONJ
such as EX
suggest V1
suggestion N
suitable ADJ
sure ADV
survey N
swing V2
take Va3
tally N
target V2
technique N
ten NUM
tend V2
term 4
-th QNT
than COMP
that SUBCONJ
that DEM
the DET
theatre N
their POSSPRO
them PRO
then DISC
there DEM
therefore DISC
these DEM
they PRO
think V12
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when WH2
where WH2
whether CONJ
which WH1
while P
who WH1
whole ADJ
will AUX
wish V2
with P
within P
without P
work N
worse ADJ
would AUX
wrong ADJ
year N
York PN
you PRO

this DEM
those DEM
through P
through out P
Thursday N
time N
timetable N
tire 4
tired ADJ
to TO
to make sure RSN
too QNT
towards P
town N
track V2
try V2
turn N
tutorial N
two NUM
type N
typical ADJ
unbiased ADJ
unit N
university N
unless RSN
unsuitable ADJ
up P-v
upon P
us PRO
use V2
use N
variety N
varying ADJ
very ADJ
via P
vital ADJ
wait viz
want V2
way N
we PRO
wednesday N
week N
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