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ABSTRACT 

The purpose of this paper is to compare two general methods of 
parsing; dependency parsing and constituency parsing. This is 
to examine which is favorable when interpreting input in the 
form of natural language regarding navigating in a simulated 
environment. Accordingly, we collected a series of different 
input commands using a form of Wizard-Of-Oz-system were 
the participants gave commands to what they believed was a 
fully automated application. Analysis of the tree-structures of 
each respective method for the retrieved input shows that, while 
both methods are implementable, constituency parsing is to be 
preferred due to the stable structuring of the words in the 
received commands.



SAMMANFATTNING 

Syftet med denna rapport är att jämföra två generella metoder 
för parsing: dependensgrammatik och frasstrukturgrammatik. 
Detta för att undersöka vilka av dessa som är fördelaktigast att 
använda för att tolka kommandon som berör navigering i en 
simulerad miljö. Följaktligen har vi samlat indata genom att 
använda oss av ett Wizard-Of-Oz-system där användare som 
deltar får ge kommandon till vad de tror sig vara ett autonomt 
system. Analys av båda metoders trädstrukturer av insamlad 
data visar, trots att båda metoder är implementerbara, att 
frasstrukturgrammatiken är att föredra på grund av den ordnade 
strukturen i de inhämtade kommandona.
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1 Introduction 
Natural language processing is a field of computer science, linguistics and artificial 
intelligence which deals with a computer’s understanding and generation of a natural 
language (for example English). The task of having a machine understand and respond in a 
natural language has been one of interest for more than half a century although it has been 
non-trivial to implement. Computer scientist Alan Turing published a published a paper in 
1950 which ‘brought into life’ the idea of programming a computer to act in an intelligent 
manner, indistinguishable from human. [1, 2] 

Natural language processing1 is a key component in a series of gaming software which falls 
under the genre of interactive fiction. Interactive fiction uses a command line as a 
communication medium between the user and the program. [3] With the use of a text parser, 
the computer converts the user’s input (in natural language) into an actual action in the 
simulation. [4]  

One of the more well-known works of interactive fiction was released commercially, in 1980, 
under the name of ZORK. [5] In the game, the user takes on the role as an unnamed treasure-
hunter in search of wealth and adventure. The user is presented a text to describe the current 
environment and eventual objects that are present in said environment. Commands are then 
given in plain text, mainly in the form of an imperative sentence. [6] 

 

Fig. 1.1: Transcript from ZORK I: The Great Underground Empire (Revision 88/Serial 
number 840726) 

                                                 
1 More specifically, natural language understanding; a computer’s ability to understand input in natural 
language. 



A problem with this type of interaction between a user and a computer is that there are 
limitations to what the computer can understand. Depending on the method used to parse the 
input and retrieve a grammatical structure, certain sentences will fail to be recognized. This 
means that the developers rely on the user to get a ‘feel’ for what type of sentences given will 
be accepted; by rephrasing previously failed input until a successful one is submitted, the user 
can systematically derive how advanced the parser is.  

In this thesis, we will examine two different methods of parsing natural language; using 
dependency grammar and using constituency grammar. We will be limiting the scope of user 
interaction to navigation only. This means that we will only be focusing on how to interpret 
input which has to do with the user changing location and not input regarding interaction with 
objects. In order to achieve this, we will be retrieving a set of input sentences using a Wizard-
Of-Oz approach. Subsequently, we will examine the most common structures in form of a 
dependency tree and a constituency tree. We can then make an attempt to deduce which 
method is most suitable for the purpose of interactive text navigation. 

 

2 Background 
Even though there are several theories for determining the grammatical structure of a 
sentence, the two most prominent ones are phrase structure grammar (also known as 
constituency grammars) and dependency grammar. Although there exists a variety of 
different frameworks in both these theories, we will only be dealing with the general methods 
for them. 

2.1  Dependency grammar 
Dependency grammar uses a word-wise link to connect two words by a so called dependency 
relation. This relation consists of a head word and one dependent where the latter are 
modifiers or complements to the former. [7, 8] 

The rules for constructing a dependency relation in regard to which of the words should 
become the head and which of the words should become the dependent, have been discussed 
thoroughly as they are is not only relevant for dependency theories2. A suggested set of these 
rules are as following [8] (where H is the head and D is the dependent in structure C): 

1. H determines the syntactic category of C and can often replace C.  
2. H determines the semantic category of C; D gives semantic specification. 
3. H is obligatory; D may be optional. 
4. H selects D and determines whether D is obligatory or optional. 
5. The form of D depends on H (agreement or government). 
6. The linear position of D is specified with reference to H. 

                                                 
2  Certain constituency-based theories makes use of the concept of a head.[8]   



For example, if we examine the sentence ‘Buy some food.’, ‘some’ becomes a dependent of 
‘food’ since it modifies (in this case the quantity) the noun ‘food’. In turn ‘food’ becomes the 
dependent of ‘Buy’ as it acts as the grammar subject the head word ‘Buy’. What is notable 
result of this grammar representation (in comparison to constituency grammar) is the lack of 
phrase elements which one might be used to. 

2.2  Constituency grammar 
Constituency grammar, also known as phrase structure grammar is a more popular approach 
to examining the grammatical structure. [8] As opposed to dependency grammar, wherein 
there exists only primitive elements, constituency grammar groups together words into one 
element (or phrase) and forms a hierarchical structure. 

If we review the same sentence as previously mentioned (‘Buy some food’), but this time 
using a constituency approach, ‘some’ and ‘food’ now forms a single element; a noun-phrase 
(NP). ‘Buy’ together with the NP forms a verb phrase (VP) which will constitute the whole 
sentence. 

2.3  Wizard-of-Oz 
An acknowledged way to conduct a research experiment regarding improvement on human-
computer interaction is by using a Wizard of Oz study. In this empirical method a human-
computer interaction is simulated under observation. The key concept is that a participant is 
led to believe that he is interacting with a fully autonomous computer while in actuality, an 
experimenter is filling in for various parts or even the whole computer system. [9]  

The purpose of using this method is to gather information about how the participant expresses 
himself/ when having a dialogue with, as far as he is concerned, a computer to improve a 
system incorporating a form of natural language interface.  As an example, the information 
will most likely prove to be useful in conjunction with developing a form of customer-service 
system where the user can write or speak their questions. With enough data-gathering it is 
possible to get an overview of what phrases or structuring of sentences are most likely to be 
conveyed to express a command. 

 

3 Method 
3.1  Concept 

To the user, our system is presented as a text-based simulation. The objective of the user is 
simply to navigate through a simulated environment until an end point is reached. The 
structure of the simulation can be viewed as a graph, were the vertices are rooms or other 
types of sections. The edges in turn, represents paths to adjacent sections. The edges contain 
string values which corresponds to the command that is supposed to be given to traverse the 
path. The user begins the simulation at a designated starting point and is only presented a 
descriptive text for said point. The description contains a brief explanation of the current 



environment and also names which paths that are available without disclosing the actual 
string values for said paths. The user is prompted for an input and naturally, it most likely 
will not match any of the string values for the available paths. Instead of passing the input 
directly to the processing program it is relayed to the experimenter. The experimenter, on the 
other hand, has full knowledge of the exact string values that should be passed the processing 
program. The experimenter, using his best judgment, will then proceed to interpret which 
path it is the user wants to traverse and modifies the input to match the corresponding string 
value and passes it along to the processing program. If the entry from the user is unable to be 
interpreted as a valid direction, the experimenter may simply forward any non-matching 
string and an error message is returned to the user. 

3.2  Implementation 
The system devised to conduct this test is mainly developed in the Java programming 
language using the Java Platform Standard Edition and is set up as a server using the open 
source software implementation Apache Tomcat. Java was chosen due to having past 
experience with it and due to the considerable amount of resources (in form of external 
libraries) publicly available. The fact that Java is a high-level programming language has no 
notable impact on the results as there is no need for hardware-specific optimization in this 
test.  

The system consists of five different components which are as following: 

• UI Web Page 
• Central Server 
• Relay Interface 
• Graph-Server Interface 

• Graph 



3.2.1  UI Web Page 
The UI Web Page acts as the interface between the user and the rest of the system. It is 
simply a web page document which dynamically presents the output from the system through 
embedded script. In other words, all descriptions of where the user is currently located in 
simulation will be presented on the document. Accordingly there is an input bar in which the 
user can write commands in plain text, which will be sent to the Central Server. When the 
user has submitted the command, a form of “loading”-text is presented until the system has 
returned an output. 

3.2.2  Central Server 
The Central Server is the main server-side component and handles the input string sent from 
the UI Web Page. It redirects the input received to the Relay Interface and blocks until a 
response string is received from the Relay Interface. When ready, the previous input string 
from the user is overwritten with the response string from the Relay Interface. The input 

string is then passed as an argument to the Graph-Server Interface to acquire the string which 
contains the new environment description or an error message. The string is then finally sent 
to both the Relay Interface and the UI Web Page.  

3.2.3  Relay Interface 
Relay Interface is the interface for the experimenter. It is run as a separate program and uses a 
designated socket connection to send and receive information from and to the Central Server. 
All the output that is presented to the user is also presented in this interface. Accordingly, all 
input from the user is also presented in this interface. All input and output for a given session 
is logged and saved to a local text file. 

3.2.4  Graph-Server 
 A small interface between the Central Server and the Graph. 

3.2.5  Graph 
The Graph is the underlying structure of the simulation which means contains the sections, 
their descriptions and all paths. 

3.3  Presentation 
Since Wizard-of-Oz-type studies relies on the users believing that they are interacting with a 
computer, the presentation of the simulation is of major importance. In our implementation, 
the users are told that they will be playing through our program simply to test to which extent 
our system can understand their given commands. The users are referred to a designated web 
site hosted by our running server. The web site gives them a brief description of the 
simulation and subsequently redirects them to the UI Web Page. 

Fig 3.1: An overview of the system 



Apart from the initial instructions, the experimenter is also a crucial part of the presentation. 
The program does not progress unless he enters the new input string. He should therefore, 
every time prompted, submit the string in a more or less consistent manner as to further 
reinforce the illusion of an autonomous system.  

3.4  Subjects 
There are no specific requirements for the subjects which are participating in our test other 
than having basic computer knowledge. 

 

4 Results 
With 20 test cases, a total of 307 inputs were retrieved. Out of these, 247 were valid. No 
occurrences of inputs containing a subject-verb combination were found (e.g. “I want to”). As 
a result, a common attribute among the inputs were that they were all relatively compact. For 
instance, take the sentence “head towards the small forest”. This sentence was, along with 5 
other inputs, the one with the most number of words. Our results consisted therefore of 
sentences with a length in the range of one (1) to five (5).  

 

Fig 4.1: Table shows the occurrences of inputs with specific word lengths 

Since the one-word sentences do not give a distinguishable structure between dependency 
grammar and constituency grammar they are omitted from the discussion and the following 
conclusion. 

The two-word sentences were, in 20 of the cases, given as: 

[VERB](Intransitive) [ADVERB] 

A sample sentence following this structure would be “go forward”. Sentences of this variety 
gives the following dependency and constituency trees: 

 

Fig 4.2: Two-word dependency tree. V = Verb, RB = Adverb 



 

Fig 4.3: Two-word constituency tree. VP = Verb Phrase 

In 104 cases, the three-word sentences followed a structure as follows: 

[VERB](Intransitive) [PREPOSITION] [NOUN] 

Which gave the following trees: 

 

Fig 4.4: Dependency tree for three-word sentences. P = Preposition, N = Noun 

 

 

Fig 4.5: Constituency tree for three-word sentences. PP = Preposition Phrase, NP = Noun 
Phrase 



The four-word sentences were all in the same structure, similar to the most prominent three-
word sentences with the exception of an added determinant “the”, preceding the noun: 

 

Fig 4.6: Dependency tree for four-worded sentences. DT = Determinant 

 

Fig 4.7: Constituency tree for four-worded sentences.  

Finally, the five-word sentences were all in the form of the four-worded sentences with an 
added adjective between the determinant and the noun. 

5 Evaluation 
5.1  Constituency and Dependency Structure Comparison 

As shown in Fig 4.2, inputs consisting of a three-worded sentence were the most common by 
a considerable margin, standing for more than half of the entries. Examining the dependency 
tree given by the most prevalent structure, it shows that a connection is made between the 
verb (head) and the preposition (dependent) and in turn another connection is made between 
the preposition (head) and the noun (dependent). The word-wise relation expresses that the 
verb, which is the main action, is modified by the preposition which is quite intuitive. For 
example, take the sentence “go to forest”. If the preposition “to” was to be changed to “from” 
the action mapped to “go” would be altered. Finally, to completely define the action, one has 
to examine the dependency-connection between the preposition and the noun and then, based 
on the type of dependency, match it back to the action named by the verb. The constituency 
approach makes it so that the top element is a verb-phrase. In this form, a verb denoting the 
action to be made will be one of the sub-elements for the verb-phrase. The other element will 
be the preposition-phrase which will contain a preposition and a noun-phrase containing a 
noun. We can see that this type of grouping shows properties of a context-free grammar. 



Since the sentence does not have instances of free word ordering, it becomes natural to parse 
the input in this manner, as one can simply move on to the next phrase-element in line. 

For the two-worded sentences the dependency approach was similar to the constituency as 
sub-constituents are unable to be formed with less than three elements. 

As mentioned, the four-worded sentences were similar to the three-worded sentences, only 
having the same determinant (“the”) in front of the noun. In our case, the determinant was 
redundant as it made no difference for the outcome. This makes it favorable to group the 
noun and the determinant into a noun-phrase, which is the case when creating constituents. 
The dependency parser does not have the constituent functionality and will have the 
determinant connected, as a dependent, to the noun. Furthermore the five-worded sentences, 
in comparison to the four-worded, contained an adjective placed in-between the determinant 
and the noun. The result of this was simply that the noun-phrase contained a determinant, an 
adjective and a noun. It is worth noting though, that among the different sentence types these 
were the least occurring with only six (6) instances. 

5.2  Method Execution 
Since the methodology is quantitative its effectiveness is in relation to the amount of test 
cases. Due to Wizard-of-Oz-related studies being time consuming [10] a limit on the test 
cases had to be set which might not prove to be optimal. On the other hand, the test cases 
produced results that were similar [Appendix A] which strengthens the integrity of the test. 

Although the subjects’ backgrounds were not taken into great consideration it is worth noting 
that it is possible for them to have a notable impact on the result. People familiar with the 
inner workings of a natural language interface will be more likely to see that the system is in 
fact not autonomous. This was not the case for our study as the subjects were, after the test, 
asked whether or not they could tell that the system was human-controlled and all subjects 
confirmed that they were unaware of the fact. 

6 Conclusion 
In this study we set out to compare the parsing methods using constituency grammar and 
dependency grammar applied to a small-scale navigation simulation. While it is fully possible 
to make interpretations from either method, constituency grammar is shown to be 
advantageous when dealing with natural language that is structured without free word 
ordering. In this test, the resulting inputs were all structured with words governing other 
words being adjacent, which is due to the inputs being compact. 
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8 Appendices 
8.1  A – User Input Data 

 Amount of words in 
sentence 

  1 2 3 4 5 
User 1 2 2 9 0 0 
User 2 4 2 7 2 0 
User 3 3 1 6 1 0 
User 4 0 3 7 1 1 
User 5 3 4 8 0 0 
User 6 3 2 9 0 1 
User 7 2 1 6 1 0 
User 8 4 1 6 3 0 
User 9 0 3 5 2 0 
User 10 5 2 5 1 0 
User 11 3 1 4 2 0 
User 12 2 2 8 0 0 
User 13 0 3 9 0 0 
User 14 4 0 5 4 0 
User 15 2 2 5 2 1 
User 16 0 0 6 1 2 
User 17 2 3 9 0 0 
User 18 0 4 6 1 0 
User 19 1 0 7 1 1 
User 20 6 3 5 2 0 
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