
VICTORIA UNIVERSITY OF WELLINGTON
Te Whare Wānanga o te Ūpoko o te Ika a Māui
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Abstract

This study will address the issues of operators and precedence in program-
ming languages. It is very important to resolve this issue because incorrect un-
derstanding of operators and precedence concepts can create a security hole
in programming. The purpose of this study is to explore users understand-
ing, interpretation and perception of operators and precedence issues. Data for
this study will be collected from students, programmers and the Qualitas Cor-
pus. Data collection will involve questionnaires, think-aloud methods and semi-
structured interviews. The findings may lead to new knowledge about the rules
for operators and precedence in programming languages. The findings will also
provide both theoretical analysis and guidelines for developers and language
designers.
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Chapter 1

Introduction

Programming language design has evolved over time and many designers aim to create
simple, well-defined and consistent languages [9]. It is not easy however, to design a good
programming language which is understandable to others. Some new programming lan-
guages are introduced for specific domains such as the Grace language, which focuses on
novice programmers [11].

Programming language can be divided into two main parts: syntax (or structure) and
semantics (or meaning) [38, 59, 32, 13]. An important syntactic consideration in many pro-
gramming languages is operator precedence. Operator precedence defines order of eval-
uation in any expression including arithmetic, bitwise, Boolean and other operators. The
precedence rule for arithmetic (+,-,*,/), logical (&&) or other operators varies with program-
ming languages [28]. In most programming languages, a table of rules applies to all oper-
ators. For example, the expression 13 + 5 * 2 has the value 23 if the expression is evaluated
using the conventional order of evaluation in mathematics however, it has a value of 36 if
the expression is evaluated from left to right.

As reported in several studies [50, 51, 19, 31, 52, 55] errors in operator precedence among
students happened while learning a programming language, for example they are likely to
interpret the NOT operator with lower precedence than the other boolean operators. This
interpretation is the opposite of precedence rules in most programming languages. An in-
correct understanding of operator precedence can also create security holes in programs.
For example, in 2012, the Knight Capital Group (KCG) lost 440 million in the first 30 min-
utes of their business day. They suspect this loss might have been caused by a mistake in
operator precedence in their latency cost equation [2].

1.1 Motivation

Many researchers have studied programming language design in various contexts. Several
studies have been published on static and dynamic typing, developing tools for debugging
errors, mistakes among students in programming and improvements in programming lan-
guages [47, 41, 8, 20, 80]. Unfortunately, the discussion related to features in programming
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languages rarely consider operator precedence issues. Some researchers have conducted
their research study on common mistakes among students [50, 51, 19, 31, 52, 55] and one
of the mistakes was operator precedence, yet, not many people seem to considers operator
precedence as major problem.

Pane and his colleagues [51] suggested that further research is needed to determine how
languages should deal with operators and precedence issues. In addition, Derek [30] also
studied whether precedence define by the language has any effect on developers’ perfor-
mance or not. Therefore, although many studies have been published related to program-
ming language design, there is a lack of research, particularly empirical studies, on operators
and precedence.

1.2 Research objectives

The aim is to study operators and precedence in programming language design, which is
guided by four research questions (RQ):

• RQ1: Do students have problems with operators and precedence in Java?

• RQ2: How do students understand precedence and parentheses in Java?

• RQ3: How do programmers use precedence and parentheses in Java?

• RQ4: What operator precedence and parentheses rules should be used in Java-like
languages?

1.3 Research contributions

At the end of this research, three main contributions are expected:

• Understanding students’ knowledge of operator precedence in programming language
syntax

• Analysis of the Qualitas Corpus of Java programs to determine how operators and
precedence are used across multiple Java programs.

• A set of guidelines for designing or improving operator precedence in programming
languages.

1.4 Organisation of proposal

This research proposal is organized as follows. Chapter 2 presents some background and a
literature review related to programming language design. Chapter 3 describes the method-
ology of this research study. Chapter 4 provides a detailed description of the pilot study and
some other preliminary results. Finally, Chapter 5 provides a detailed research plan for com-
pleting the thesis.
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Chapter 2

Literature review

This chapter reviews the literature on programming language design, especially syntax and
semantics. This chapter discusses different types of programming language and explains
the differences in operator precedence rules.

2.1 Overview of language design, syntax and semantics

Syntax and semantics are important components of programming languages [77, 65, 79].
For example, in C syntax, the not equal operator is represented as != while in Pascal syn-
tax it is represented as <> but in both it has the same semantics disequality. Syntax is the
form of expressions and statements while semantics are the meaning of the expressions and
statements [38]. An expression contains operands and operators which produce a value of
evaluation of the expressions. A complete expression will be executed following specific
rules specified by the language design. Therefore, it is necessary to know the order of eval-
uation to understand the meaning of the expression.

The order of evaluation depends upon precedence rules. In programming, expressions
can be more complex; therefore the use of precedence rules together with parentheses are
vital. In any programming languages syntax acts as the user interface for programmers. For
example, access of the ith element of an array which start from address x, whose elements
are y words long, requires the computation of x + (i - 1)y but is typically written x[i], x(i) or
x!i .

Operators in expressions can be written in three different notations which are: infix,
prefix and postfix notation.

• Infix notation: In this notation, operators are placed between operands. For example,
when writing the expression such as x + y * z.

• Prefix notation: This notation is preceded by operator and followed by operands. For
example, to write the sum of x and y , the expression should be (+ x, y).

• Postfix notation: The operator is placed after the operands in the expression. It is the
reverse of prefix notation; (x, y +).
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Neither prefix nor postfix notation requires parentheses in the expressions. The order of
evaluation is clear and it is not necessary to put parentheses to declare the order of evalua-
tion. In contrast, infix notation requires parentheses to be used in the expression depending
on certain conditions. Parentheses can be used to prioritize operators in an expression when
needed. Therefore, decisions to use parentheses in expressions need to be clarified in order
to remove ambiguity and confusion among users.

2.1.1 Criteria in designing programming language features

Sebesta [67] offers three main criteria in designing a programming languages: readability,
writability and reliability.

Readability is the ease with which reader can read and understand the code/program

Writability is the measure of how easy the language can be used to create a program

Reliability is the program perform to its specification under all conditions

These three criteria can be affected by several characteristics which is shown in table 2.1.

CRITERIA

Charactersitcs Readability Writability Reliability
Simplicity • • •
Orthogonality • • •
Control structures • • •
Data types and structures • • •
Syntax design • • •
Support for abstraction • •
Expressivity • •
Type checking •
Exception handling •
Restricted aliasing •

Table 2.1: Language evaluation criteria and characteristic that affect them [67]

These criteria have been used and implemented for evaluating an appropriate language
for certain applications [64]. Readability and writability are important in designing pro-
gramming language syntax. For instance, the use of parentheses or spaces can be a problem
for some syntactic features (i.e. LISP). It is not easy for language designers to make the right
decisions when selecting the features based on the criteria however, it is vital for them to
follow the criteria [57]. For example, forcing the use of parentheses can create complexity
for some programmers and users. Thus, decisions can be made after testing the problem
according to the criteria [70, 5].
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2.2 Different types of programming language and their precedence

This section presents a selection of programming languages and their precedence rules al-
phabetically. Each programming language has its own precedence table. Each operator has
its own level of precedence. The operators that have the same level of precedence will be
evaluated according to associativity rules (left-to-right or right-to-left). The evaluation of
prefix and postfix are done by stack rules.

In postfix, the evaluation example is discussed using the 21*6+2/. The postfix notation
does not depend on the precedence rules. The table below shows how the expression is
evaluated based on a stack.

Input Stack Computation performed
2 2 -
1 2,1 -
* 2 2*1=2
6 2,6 -
+ 8 2+6=8
2 8,2 -
/ 4 8/2=4

Table 2.2: Postfix expression evaluated based on stack

Prefix notation also does not typically depend on precedence rules. The example below
shows how to evaluate a prefix notation expression. The expression is *2+55.

Input Stack Computation performed
* * -
2 *,2 -
+ *,2,+ -
5 *,2,+,5 -
5 *,2,+,5,5 5+5=10
- *,2,10 2*10=20
- 20 -

Table 2.3: Prefix expression evaluated based on stack

Infix notation needs the operators to be grouped or apply precedence rules in order to
remove ambiguity. Infix expressions have ambiguity issues, for example between multipli-
cation and addition operators, in the order of preference. Therefore, precedence rules need
to be applied to infix expressions while performing the calculation.

The next section presents several different programming languages and their precedence
rules.
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2.2.1 C

The C language is widely used in real world. Table 2.4 summarizes the precedence rules for
operators in C. All the operators are grouped together according to their precedence.

Operators Precedence
(), [], -> Highest

!, ˜, ++, --, \&, *, unary +, unary -, (type), sizeof -
*, /, \% -

+, - -
<<, >> -

<, <=, >, >= -
==, != -

\& -
ˆ -
| -

\&\& -
|| -
?: -

=, +=, -=, *=, /=, \%=, \&=, ˆ=, |=, <<=, >>= -
, Lowest

Table 2.4: Precedence rules of C

2.2.2 FORTRAN

FORTRAN was one of the earliest programming languages. Like other languages, FOR-
TRAN also has precedence rules. The operators and rules are simpler compared to other
languages [78].

Operators Precedence
** (exponential) Highest

*,/ (multiplication, division) -
+,- (addition, subtraction) Lowest

Table 2.5: Precedence rules of FORTRAN

2.2.3 FORTRESS

Unlike other programming languages, FORTRESS precedence rules do not rely to operators.
The rule relies on the defining groups of operators based on their meaning and shape and
also based on specific relationships between the groups. Parentheses are required when
there is no specific relationship between operators. The precedence rules in FORTRESS are
not as straightforward as those in other programming languages. The general rules are
described below according to the FORTRESS Language Specification:
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Basic principles Precedence
Member selection (.) and method invocation (.name(...))

are not operators, yet they have the highest precedence
Highest

Subscripting [ ] and any kind of subscripting operators, which
can be any kind of enclosing operators), superscripting (ˆ) and

postfix operators

-

Tight juxtaposition, without intervening whitespace -
Tight fractions that is the use of / with no space on either side -

Loose juxtaposition with intervening whitespace -
Prefix operators -
Infix operators -

The equal symbol “=”, the assignment operator “:=” and
compound assignments operators ( +=,-= etc)

Lowest

Table 2.6: Basic precedence rules of FORTRESS [6]

2.2.4 Grace

Grace is a new object-oriented languages for novices [11]. Most Grace operators have the
same precedence, but an expression with two different operators needs to be parenthesized
to indicate the order of evaluation.

Figure 2.1: An example of arithmetic expression in Grace language

2.2.5 Java

The table below represents Java’s operator precedence. The operators in the table below are
listed according to the precedence order. The same operators at one line share similar level
of precedence, yet the evaluation will be based on associativity rules [24].
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Operators Precedence
Postfix increments & decrements (e.g. x++) 1
Prefix increments & decrements (e.g. ++x) 2
Unary positive (+x), unary negative (-x) & logical negation (!x) 3
Binary arithmetic operators (e.g. multiply, divide, modulus) 4
Binary comparison operators (e.g. <, >, <=, ==, !=) 5
Binary logical operators (e.g. AND & OR) 6
Assignment operators 7

Table 2.7: Operator precedence table; from top to bottom is highest to lowest precedence
order

2.2.6 LISP

LISP does not have operator precedence like other languages, rather the order of evaluation
in any expression will be based on parentheses.The language requires parentheses in any
expression which has more than one operator and it is written as a prefix expression (figure
2.2). Therefore, the order of evaluation will be read from left to right.

Figure 2.2: An example of arithmetic expression in LISP language

In figure 2.2, the arguments of the function are evaluated before the function is executed.
In the example, argument (+1 2) is evaluated to give 3. Then the second argument is eval-
uated to give 3. And finally the last function is applied to 3 to give 9 as the result. All
expression evaluation in LISP is evaluated from right to left and also requires parentheses
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for each argument.

2.2.7 Pascal

Operator precedence in Pascal is much simpler than Java or C. Table 2.8 and the Figure 2.3
show examples of Pascal expression ċiteborland.

Operators Precedence
not highest
* / div mod and -
+ - or -
= <> < <= > >= in lowest

Table 2.8: Operator precedence table for Pascal language

Figure 2.3: An example of arithmetic expression in Pascal language

In Pascal, users need to be more careful with the precedence issue, especially with the
logical conjunction (and) operator. When writing a conditional expression such as if a < b

and c < d without parentheses, the compiler will produce an error. This error caused
by the and operator which has higher precedence and should also be a boolean values.
Therefore, the expression should use a parentheses such as (a < b) and (c < d).

2.2.8 Pyret

Pyret is also another example which requires parentheses in any expression which has more
than one operator but unlike LISP, PYRET is infix notation. In order to indicate the order
of evaluation, an error will be prompted when two different operators are in an expression
without parentheses [34].
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Figure 2.4: An example of arithmetic expression in Pyret language

2.2.9 Smalltalk

In Smalltalk, operator precedence is based on order of evaluation, organized as below:

• 1. Parentheses

• 2. Unary message (left to right)

• 3. Binary message (left to right)

• 4. Keyword message sends

• 5. Assignments

• 6. Returns

The figure below shows the example of arithmetic expressions in Smalltalk.

Figure 2.5: An example of arithmetic expression in Smalltalk language
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In Smalltalk, operators have no specific precedence unlike other programming languages.
For example, multiplication has no priority over addition. The use of parentheses can over-
ride the precedence of other expressions types. For example, 3 + 4 * 5 , is evaluated as
two binary messages which produces 35 as the result, not 23. That is because there is no
priority for multiplication and addition and the expression is evalauted from left-to-right
[10].

2.2.10 Summary

Different programming languages apply different precedence rules and notations, yet some-
times they share similar rules. Several programming languages such as Java, C, Pascal etc
use infix notation while some languages use prefix notation, eg. LISP. The use of different
notations can affect the order of evaluation. In general, the expressions in prefix or post-
fix notations have no ambiguity issues regarding the order of evaluation. The table below
summarizes an example showing the precedence for the evaluation of an expression when
written in different languages.

Programming language Expressions Output Rules
Java, Grace, Pascal 6 / 2 * (1 + 2) 9 Precedence

6 / 2 * 1 + 2 5
2 + 6 / 2 + 1 5

Smalltalk 6 / 2 * (1 + 2) 9 Left-to-right
6 / 2 * 1 + 2 5
2 + 6 / 2 * 1 4

LISP (* (/ 6 2)(+ 1 2)) 9 Parentheses & prefix
(/ 6 2(+ 1 2)) 1

Pyret ((6 / 2) * (1 + 2)) 9 Parentheses

Table 2.9: Summary of different programming language related to operator precedence issue

2.3 Real world examples of precedence problems

Bitwise operator precedence bugs
Operator precedence is important in complex expressions or calculations. The linux-
kernel mailing list [12] discusses real bugs in the linux kernel. These problems have
been reported in archives and discussed by other researchers and programmers. One
example shown below:

*delay = (u160) (val & 140E_PRTDCB_GENC_PFCLDA_MASK >>

140E_PRTDCB_GENC_PFCLDA_SHIFT);

In C, the & operator has lower precedence than the >> operator, so the expression was
not executed as to programmer intended. The programmer intend to shift both argu-
ments (val & 140E_PRTDCB_GENC_PFCLDA_MASK) to the 140E_PRTDCB_GENC_PFCLDA_SHIFT.
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However, the code is wrong because the shift >> operator has higher precedence than
& operator, so the code only shift the mask. Therefore, it is a must for programmer to
put a parentheses around the & subexpression.
The correct expression is:

*delay = (val & 140E_PRTDCB_GENC_PFCLDA_MASK) >>

140E_PRTDCB_GENC_PFCLDA_SHIFT;

Parentheses around both arguments will let the program know the order of evaluation
for the code.

Arithmetic operators
The Mitre organisation [1] also collects and publishes errors of operator precedence
along with other programmers errors. An example shows a simple mistake calculat-
ing return on investment. In Java, the / operator has higher precedence than the -

operator, therefore, without parentheses the code below is wrong because the divide
operator is executed before the minus operator

public double calculateReturnOnInvestment(double currentValue,

double initialInvestment)

{

double returnROI = 0.0;

// calculate return on investment

returnROI = currentValue - initialInvestment / initialInvestment;

return returnROI;

}

The basic calculation of returnROI is correct however, it requires parentheses in order
to prioritize the execution of operators. It is correctly calculated below:

returnROI = (currentValue - initialInvestment) / initialInvestment;

Parentheses are important to produce correct calculations. In real life business situa-
tions, this small logic error can create a big loss to the company profit.

Bitwise operator precedence bugs

# include ‘‘stdio.h’’

# include ‘‘stdlib.h’’

int main(){

int a = atoi(‘‘10’’);

int b = atoi(‘‘20’’);

int c = atoi(‘‘30’’);

printf(‘‘\%’’u\backslash n’’, a | b <= c);
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return 0;

}

In D programming language forum [3], an issue of bugs caused by bitwise operator
has been reported. Bitwise operators have low precedence so, they are error-prone in
C/C++/D languages. It is error because the relational operator <= is executing with
| operator after checking the condition of b | c. The expression should perform bit-
wise operator | before executes relational operator <=.
The solution is suggested to provide extra parentheses around the comparison opera-
tor "|" [3].

# include ‘‘stdio.h’’

# include ‘‘stdlib.h’’

int main(){

int a = atoi(‘‘10’’);

int b = atoi(‘‘20’’);

int c = atoi(‘‘30’’);

printf(‘‘\%’’u\backslash n’’, (a | b) <= c);

return 0;

}
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Chapter 3

Research methodology

This chapter describes the mixed methods research methodology which will be used in this
study. The first section provides an overview of mixed methods research design and how it
can be applied to this study. The later sections deal with the details of data collection and
data analysis.

3.1 Philosophical worldviews

When planning a research study, researchers need to think in detail about three main com-
ponents, viz., philosophical worldview, research designs and also research methods (Figure
3.1) [16]. We use Creswell’s [16] term worldview to describe the philosophy of research while
others use a different term: paradigm [37, 42].

Figure 3.1: A framework of research approach [16]

There are three common worldviews which have been adopted in software engineering
research [16, 21, 46, 26]:
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• Postpositivism: Postpositivists study the behaviour of individuals and develop nu-
merical measurement of observations [16]. Knowledge is discovered and verified
through direct observation and measurements of the phenomena [33].This worldview
begins with a theory, collects data to either support or reject the theory and then makes
decisions about the theory.

• Constructivism: This paradigm describes knowledge as a reality that humans under-
stand through their life experience and actions. Constructivism attempts to under-
stand human perception, emotion and opinion within their social environment. Con-
structivism focusses less on theory verification and more on understanding how hu-
mans react to certain phenomena. Crotty [17] assumed that human beings construct
ideas or meanings by interpreting their actions while engaged to the real situation.
Constructivists also create more interest in qualitative research which gathers data
about human activities in relations to real situation.

• Pragmatism: This paradigm comes out of actions, situations, and consequences. Prag-
matism does not focus on methods, but emphasizes the research problem. Pragmatism
uses all approaches or attempts to use the available knowledge for a certain practical
problem as long as it is useful in order to understand the problem [61]. This world-
view does not set out to criticize or verify existing knowledge. Researchers are free to
use any available methods or knowledge to shed light on their research problem [16].
This paradigm underpins much mixed methods research where it is vital to focus on
the research problem for deriving knowledge about the problem [72, 45, 54].

This study is not based on any existing theory. Therefore, a postpositivist worldviews is not
suitable for this study. Due to the lack of the theory, this study will be guided by the four
research questions present include:

• RQ1: Do students have problems with operators and precedence in Java?

• RQ2: How do students understand precedence and parentheses in Java?

• RQ3: How do programmers use precedence and parentheses in Java?

• RQ4: What operator precedence and parentheses rules should be used in Java-like
languages?

The research questions focus on the problem in the human context by asking ’what’ and
’how’. In order to understanding the research problem, this study requires the researchers
to learn from users’ experience and responses to certain phenomena. All data will be gath-
ered and interpreted in relation to the research problem. For example, we aim to understand
how a student uses operator precedence in programming language and also, how an expert
uses precedence in his/her coding. This research will investigate and interpret users’ ex-
perience and precedence data in a corpus in order to determine the findings on operator
precedence in programming languages. Thus, this study will adopt pragmatism and con-
structivist perspectives.
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3.2 Research design

There are three types of research designs viz., quantitative, qualitative and mixed methods
research designs (Figure 3.2).

Figure 3.2: Categorization of Research Designs [16]

3.2.1 Quantitative research

Quantitative research is an exploration that explains phenomena by interpreting numerical
data [16, 18]. For example, analyzing students answers to questions, catagorizing the an-
swers and analyzing the numerical data. This method is focusing on students, developers
andalso corpus thus, this method will be applied to this research study. However, quan-
titative research has some weaknesses/limitations. Information can be difficult to gather
through structured data instruments such as questionnaire, and self-reported information
from questionnaires may be incomplete or inaccurate.

3.2.2 Qualitative research

Qualitative methods gather data in the field of study where participants experience the
problem. Researchers try to understand the phenomena/problem in the real world [23].
Qualitative research methods have been accepted in software engineering, especially when
dealing with human factors [53, 66]. Qualitative methods are relevant in this study because
they help to explore phenomena from participants’ perspectives e.g. using semi-structured
interviews. There are two major weaknesses/limitations from qualitative research. Firstly,
knowledge which produced from this research method might not generalize to all people or
other situations. Secondly, the results may be influenced by researcher’s personal perspec-
tives.

3.2.3 Mixed methods research

The weaknesses/limitations of qualitative and quantitative research requires this study to
implement the mixed methods research. Mixed methods research can provide strong evi-
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dence for the end results through convergence or divergence of the findings. This method
can also produce more complete knowledge which can add insights and understanding
which might be missed when using a single method.

Mixed methods research is a combination of quantitative and qualitative methods. Ac-
cording to Onwuegbuzie et.al and Greene et.al [49, 25], there are five purposes of conducting
mixed methods research: Triangulation (compare quantitative findings with qualitative find-
ings); Complementarity (results from one analysis are interpreted to improve the other anal-
ysis); Development (the data are collected sequentially and the findings are used to inform
data collected and analyzed using other analysis types); Initiation (identified the contradic-
tion to reframe the research questions); and Expansion (expand study’s scope and focus using
quantitative and qualitative analysis). There are three types of mixed methods study viz.,
sequential methods (following one method after another) and convergent methods (using
the methods in parallel) [16]:

• Explanatory sequential mixed method: Researchers conduct the quantitative research
first followed by qualitative research.

• Exploratory sequential mixed method: The reverse of the explanatory sequential method,
i.e., begin with a qualitative method followed by quantitative research.

• Convergent parallel mixed method: This method allows the researchers to perform the
methods in parallel. Researchers merge the data in order to provide a comprehensive
analysis.

This study requires an in-depth understanding and exploration of operators and prece-
dence. Among the five purposes of selecting mixed methods research, two of the purposes
are applicable to this study: triangulation and expansion. Triangulation is comparing think-
aloud data, semi-structured interviews data and also corpus data. Expansion is expanding
the findings from quantitative and qualitative studies, which will help in exploring the fo-
cus of the problem.

We selected the convergent parallel mixed methods for this study, because the combina-
tion of quantitative and qualitative data will cover detailed information about the problem.
Different types of information such as detailed views of participants and their pattern of
answers will be gathered. The different perspectives of participants’ answers and program
corpora will be analyzed in this study. Findings from different data can either converge or
diverge in the end results, therefore, convergent parallel mixed methods are suitable for this
study.

3.2.4 Convergent parallel mixed methods

We plan various methods of data collection. In the beginning of this research, a small pi-
lot study was done among students in the first year Java programming class in University
Utara Malaysia’s (UUM) Computer Science School. The purpose of the pilot study was to
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confirm that there is a problem with operators and precedence. The findings showed sev-
eral problems occured among students and are discussed in depth in chapter 4. Convergent
parallel mixed methods will be applied in the body of the study in order to gather different
types of data and merge or diverge the data for the conclusion. Figure 3.3 shows how these
research methods will be applied overall.

Figure 3.3: A framework of convergent parallel mixed methods; QUAN is quantitative;
QUAL is qualitative

3.3 Research methods

3.3.1 Pilot study

A pilot study has been conducted to confirm that there is a problem with operator prece-
dence. This study also gave a general idea about what kind of problems occured among
students.

In this pilot study, first year students were asked to answer a set of questions related to
operator precedence in Java. This set of questions (Appendix B) was designed based on a
previous study [19] and also information and suggestions from an expert. The selection of
the questions is covering all topics which is based on the syllabus in their course outline.

There were a total of 16 questions in this test and the participants were required to an-
swer all the questions. Each question was purposely investigating some information re-
garding the participants’ knowledge of operator precedence in Java. The questions included

19



boolean operators, arithmetic operators etc. The survey test questions were divided accord-
ing to several criteria of operator precedence in Java, viz., participants’ understanding on
precedence rules (basic arithmetic and complex expression), interpretation of expressions
with or without parentheses, and the side effects of operators. The pilot study is explained
in depth in chapter 4.

3.3.2 Data collections

The data collection methods which will be used in this study are questionnaires, think-
aloud methods [60], semi-structured interviews and corpus analysis [74]. These methods
will gather students’ understanding and problem that occured among students in Java. The
aim of this data collection is to understand the problem from participants’ perspectives.

Participants

The participants in this research are a) students who learn Java and b) programmers or prac-
titioners who had experiences in programming. The selection of participants is not random
and it is based on their background. The selection of participants is through programming
class lecturers, email lists and developers. The locations of participants are not restricted: it
will include participants from New Zealand and Malaysia.

All participants will be required to briefly explain their background knowledge includ-
ing their level and list of previous subjects taken (for students).

The same participants will be involved in questionnaires, think-aloud protocol and in-
terviews. All three methods will require the same participants in order to triangulate to their
answers.

Human ethics approval (HEC)

Dealing with human participants requires the researchers to get approval from the Human
Ethics Committee (HEC) of Victoria University (Appendix A). The purpose of this approval
is to protect participants’ and researchers’ rights which include ethical issues, particularly
participant confidentiality such as no identification of participants (details of background or
the results of tests). We received approval number 0000021215 on 31st October 2014.

3.3.3 Questionnaire

A questionnaire will be given to the participants and the questionnaires are related to op-
erator precedence. The aim of the questionnaire is to gather participants’ knowledge and
discover how they perceive and interpret operator precedence in programming languages.
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Questionnaire data

The questions that will be asked need to be chosen wisely in order to achieve the purpose of
the study. The questions are related to participants’ background, basic knowledge of opera-
tors and precedence, how they interpret the operators and the precedence in Java programs
and their solution to problems. The questions may be changed or modified based on the
requirements of the problem for further investigation [44]. The questions will take approxi-
mately 20 to 40 minutes to answer. The questionnaire is divided into several categories. The
selected issues for the questionnaire are described below:

• Checking the use of parentheses in expressions.

• Gathering information on the use of redundant parentheses in the expressions.

• Testing participants’ knowledge about complex expressions without any parentheses.

Some questions will include a fragment code of program or a sentence that requires the
participants to generate a fragment code.

Participants’ answer can be different because, peoples’ thoughts can be different from
one another. Therefore, a think-aloud protocol will be used for collecting further data.

3.3.4 Think-aloud protocol

Think-aloud protocol is a research method that allows the participants to speak aloud any
thoughts in their mind as they worth an actual programming tasks. The researcher ask
questions related to the issue such as ”what do you think?” or ”what is your strategy” in
order to remind the participants to express what they think [62, 35].

Think-aloud protocol

The think-aloud protocol will be conducted for approximately an hour depending on the
information needed during the discussion. This method is suitable because the researcher
can obtain detailed information based on the participants’ concerns after they answer the
questions [44, 36]. During this session, participants will be asked to explain their thinking
as they work. Researchers are allowed to ask any question related to the their answer, ideally
without guiding participants.

3.3.5 Semi-structured interviews

Semi-structured interviews also gather qualitative data. This interview is done by setting
up the situation which allows participants the time and scope to explain their opinion on
particular topics. The focus of these interviews will be decided by the researcher related the
participants answers to questionnaire and think aloud protocol. This interview a conversa-
tion where the researcher will ask ”tell me more about...” or ”Earlier you did mentioned this,
can you please explain further?”. The questions during the interview are not necessarily be
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similar for all participants [81, 27, 39].
In this study, the semi-structured interview will be done after the questionnaire and

think-aloud protocol. The purpose of this interview is to explore further perceptions and
opinions from the participants.

3.3.6 Corpus study

Qualitas corpus

In order to understand how programmers use operators and precedence, the Qualitas cor-
pus will be used in the data collection stage. All code in the corpus will be gathered and
categorized according to different metrics such as redundancy, frequency, complexity and
consistency of operators and precedence.

Qualitas Corpus is a collection of Java programs which can be used for empirical stud-
ies [73]. The Qualitas Corpus provides a compilation of 111 systems of Java projects which
contain more than 18 million Lines of Code (LOC), 200,000 compiled classes and 1.5 million
compiled methods. Ricardo et.al. [74] have published a compiled version of the Qualitas
Corpus known as Qualitas.class Corpus [76]. They contributed to the Qualitas Corpus by
compiling and organizing the Java programs including gathering a large amount of metrics
data, updating the version, and also fixing a few errors in some projects.

3.4 Data analysis

There are several data analysis methods for mixed methods research such as side-by-side
comparison, data transformation, and joint display of data [16]. Data analysis in mixed
methods can either be quantitizing (conversion of qualitative data into a numerical code that
will be analyzed quantitatively) or qualitizing (conversion of quantitative data into narra-
tive data that will be analyzed qualitatively) [49, 71]. A side-by-side comparison approach
quantitizing and qualitizing will be applied including both later.

3.4.1 Inductive analysis

Research studies can be divided into two type: a) deductive (begin with theory or hypoth-
esis) and b) inductive (use research questions to explore problems and narrow the scope of
the study) [14]. This study is not based on any theory or hypotheses, therefore an inductive
approach will be applied here.

In inductive analysis, researchers begin the study by trying to understand the problem,
and allow theory to emerge from the data [75]. An inductive approach is recommended if
a study is not based on theory testing [16, 58]. This study is categorized as an inductive
approach because the exploration of data is not based on any theme or theory. The main
purpose is to explore and discover the themes or theories that emerge from the data. In
inductive content analysis, several processes can be applied such as open coding, creation
of categories and abstraction [22, 63, 40].
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Coding is derived from analytical thinking and the generation of categories and themes.
Coding is not only labelling, but linking and leading from data to idea and vice versa [63].
Coding breaks the collected data into pieces and each piece is assigned a label (code) [16, 40].
The coding style can be in several forms such as wording, abbreviations of keywords, num-
bers etc. The coding data will be extracted from different sources including interviews and
documents. The process of categorizing the codes can be done using an approach called
concept mapping [29, 40]. Kristin et.al. [29] mentioned that word-based analysis methods
and code-based analysis methods for coding process have weaknesses such as bias in cod-
ing schemes. The authors propose the implementation of concept mapping as an alternative
approach for open-ended survey questions. According to Miles et.al, Pope et.al and Punch
[56, 43, 58], there are three procedures use to analyze the qualitative data using any coding
approach; data reduction (reduce the overlap and redundant data), data display and conclu-
sion drawing or verification. The procedure of inductive analysis is summarized in Figure 3.4
below.

Figure 3.4: The overview of process and procedure of inductive analysis [15, 75].

The process of inductive coding

Researchers begin by reading all the collected text data and transcribe interesting informa-
tion during the analysis stage. While reading the data, researchers will try to identify any
meaningful patterns and create a label for each pattern. At the same time, those labels will
be categorized. During the reading and labelling stage, researchers also develop an initial
meaning for each category and write it as a memo. The process of inductive coding can be
summarized as [75]:

• Gather all the raw data files.

• Do a close reading of the data files for full understanding.

• Create a categorization of the data files. In the inductive process, categorization is
done from the actual phrases from the actual and specific data.
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• Reduce or remove unrelated, overlapping and uncoded text from the data files.

• Continue revising and refining the categories.

3.4.2 Qualitas Corpus analysis

In order to analyse the Qualitas Corpus, a simple tool will be developed to analyze the large
amount of Java source code in Qualitas Corpus. This tool will parse each program in order to
detect operators, precedence and parentheses. The analysis will look into how programmers
use operators, precedence and parentheses in the program.
This analysis will be based on categorization of metrics for Qualitas Corpus as described
below:

• Measuring the redundancy of parentheses.

• Collecting the frequency of usage of operators, precedence and parentheses.

• Categorizing the number of complex expressions which use parentheses

• Assessing the consistency of operators, precedence, and parentheses.
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3.5 Threats to validity

”Any research can be affected by different kinds of factors which, while extrane-
ous to the concerns of the research, can invalidate the findings” [68]

Validating the whole process is important to achieve the goals of this study. Threats to va-
lidity may arise from different sources; corpus data, questions, participants, methods, etc.

Firstly, a corpus study is one of the threat to validity in this study. The data sample from
the corpus only comes from open source projects. Thus, the validity of the findings may
have a problem to be generalized to other software sample.

Secondly, questions may be biased, incorrect wording may be used in questions, or the
questions may not guide the researchers to achieve their goals. This threat can happen when
researchers wrongly create the questions, which are not understood by the participants.

Thirdly, participants recruitment is another threats to validity. Participants’ background
knowledge may affect their results or performance, including their level of programming
knowledge, subjects learnt in previous study, nationality, and years of doing programming.
Therefore, we will make sure to gather and collect comprehensive prior background infor-
mation and demographics.

Lastly, threats of validity may also occur during the research design stage. Insufficient
knowledge, contradictory logic or confusion while selecting methods may become a threat
to validity. Threats due to technique can also occur during the design stage. For example,
methods or techniques selection can be chosen based on researchers’ interest [48]. Threats
affect data collection such as bias from researchers’ thoughts while doing the interviews can
happen. There are several ways to minimise these threats for validation which will em-
ploy three approaches: data triangulation (collecting data from multiple sources) [40], expert
assistance (getting advice and critique from experts) [7, 69] and member checking (sharing the
findings with the participants).

Data triangulation

Use different data sources for validating the study. Successful convergence of several
sources of data proves the validity of the study [40]. In this study, there are two differ-
ent sources of data used for validating the study: students’ responses and corpus data.
There are also two different data collection techniques: semi-structured interviews and
think-aloud methods.

Expert assistance

Get advice and critique from experts. This study design involves discussion of the
methods and findings with supervisors who are experts in this area. All comments
will be documented and revised again for validation purposes.

Member checking

Researchers take the findings back to the participants. The findings from data analysis
will be shown to the participants in order to validate data interpretations.
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Other threats to validity include:

• Invalid interpretation of the data. This threat can be mitigated by gathering all evi-
dence related to the findings from the beginning of the study during analysis stage.

• Generalization of the findings is another threat which is categorized as an external
validity threat. In this study, the concern is whether the end results (framework model)
can be used or generalized to other groups or people outside this study. Alternative
explanations from different analyses (mixed methods) will mitigate this threat later
on.
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Chapter 4

A pilot study: Initial findings

This chapter presents findings of our pilot study. This chapter begins with the explanation of
selected participants and development of the questionnaire. The overall findings will show
that problems occured among students with Java and thus demonstrate interest to explore
in detail (RQ1) ”Do students have problems with operators and precedence in Java?”.

4.1 The pilot study

A pilot study was conducted as an online survey using open ended questions. The study
aim to identify if programmers (especially students) had a problem with operator prece-
dence.

We recruited a convenience sample of 29 participants from among first year students
from Computer Science at University Utara Malaysia (UUM) who were enrolled in the in-
troduction to programming course. They read the details of this study through the online
survey before agreeing to continue to answer the questions. The majority of the participants
were beginners in programming. Subjects were requested to answer a questionnaire related
to operators and precedence in Java. During the session, students were not allowed to dis-
cuss the task and the overall time spent for each subject was recorded. Each participant
was asked to complete the questionnaire with the level of complexity for each question is
increasing from question 1 to 17 as shown in Appendix B.

4.2 Results

Students were requested to answer question 1 declaring themselves novice, beginner, inter-
mediate or experienced programmer. Questions 2 to 5 asked the students to add parentheses
to the expresssions given. The complexity of each question gradually increases from ques-
tion 1 to question 4. In question 6 to 9 students were asked to provide output for Java code
fragments. Appendix A shows the questions distributed to the participants.
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4.2.1 Question 1

Question 1 requested students to indentify themselves as novice, beginner, intermediate or
experienced programmers. The majority of the participants were at the novice and begin-
ners levels. Table 4.1 below summarizes participants backgrounds:

Level Total
Novice 17
Beginner 11
Intermediate 1
Expert 0

29

Table 4.1: A summary of participants level in programming

4.2.2 Question 2

Question 2 is a basic Java arithmetic expression comprising plus, minus and multiplication
operators. Although it is an arithmetic expression, Table 4.2 present the different patterns of
participants’ responses.

Answer Coding ref. Pattern of answers Answers #. of patterns
Correct answer a 1 + (2 * 3) - 4 3 12
Correct answer b 1 + (2 * 3) - 4,

1 + 6 - 4, 7 - 4 = 3
3 13

Correct answer c (1 + (2 * 3)) - 4 3 3

Table 4.2: Pattern of responses for question 1

All of the students were able to give the correct answer (3) and also managed to insert
parentheses into the expression: although all participants gave correct answer however, the
expression was parenthesized differently. The expected output was:

(1 + (2 * 3)) - 4 = 3

Some of the participants produced a result referring to coding reference ‘a’ which also gives
the output as 3. In addition, some students answered the question by showing the order of
evaluation for the expression (coding reference ‘b’) and this answer is similar to the expected
output mentioned earlier.

4.2.3 Question 3

In question 3, students were asked to add parentheses to the expression:

a + b++ * c / a * b
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Each variable was assigned to its own value; a=1, b=2, c=3. There were only 4 students who
managed to answer correctly with coding reference f, g and i. Table 4.2 showed a variety of
answers from students.

Answers Coding ref. Pattern of answers #. patterns
Wrong answer a a + ((b++ * c) / (a * b)) 6
Wrong answer b a + (b++ * c) / (a * b) 4
Wrong answer c a + ((b++) * c) / (a * b) 3
Wrong answer d (a + ((b++ * c) / (a * b)) 1
Wrong answer e a + (((b++) * c) / (a * b)) 2
Correct answer f a + ((((b++) * c) / a) * b) 2
Correct answer g a + (((b++ * c) / a) * b) 1
Wrong answer h ((a + b++) * c) / a * b) 1
Correct answer i a + (b++) * c / a * b 1
Wrong answer j Error 8

Total number of students 29

Table 4.3: Pattern of responses for question 3

The aim of question 3 is to understand students’ understanding of precedence. The question
includes increment and arithmetic operators. In general, an increment operator has higher
precedence compared to an arithmetic operator. Thus, increment operators should be eval-
uated before other operators. Table 4.3, only 4 students answered correctly with the coding
reference f, g, i. Coding reference f is the most correct answer which shows the correct order
of evaluation by looking at the parenthesis. On the other hand, many students put parenthe-
ses around the a * b subexpression and also parenthesized operands of the multiplication
operator.

4.2.4 Question 4 & Question 5

Variables:
x = 3, y = 2, z = 1

• Question 4: z - 3 * x != y + 5

Answer Coding
ref.

Pattern of answers Values #. patterns

Correct answer a z - (3 * x) != y + 5 True 2
Correct answer b (z - (3 * x)) != (y + 5) True 7
Correct answer c z - (3 * x) != (y + 5) True 4
Wrong answer d - Error 16

Total number
of students

29

Table 4.4: Pattern of responses for question 4
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• Question 5: x + y < 10 && x / y == 3 || z != 10

Answers Coding
ref.

Pattern of answers Values #. patterns

Correct answer a ((x + y) < 10) &&
(((x / y) == 3) ||
(z != 10))

True 1

Correct answer b ((x + y) < 10) &&
((x / y) == 3) ||
(z != 10)

True 4

Correct answer c (((x + y) < 10) &&
((x / y) == 3) ||
(z != 10 )

True 5

Wrong answer d - Error 19
Total

students
29

Table 4.5: Pattern of responses for question 5

The expressions in questions 4 and 5 involved arithmetic, conditional, and equality opera-
tors. In Java arithmetic operators have higher precedence than the other two operators. A
majority of the students produced a wrong answer (coding ref. d). In question 4, only 13
out of 29 participants managed to give the correct answer however, only 7 students showed
their interpretation of the order of evaluation and precedence by parenthesizing the expres-
sion correctly (coding ref. ‘b’). For question 5, the total number of participants that managed
to give the correct answer was reduced to 10 participants. Fortunately, students with correct
answers faced no confusion with conditional and equality operators.

4.2.5 Questions 6-9

The aim of questions 6-9 is to gather students’ interpretation of an expression with or with-
out parenthesis. The questions are listed below:
What is the output of the following Java fragment program?
a = 1;

b = 3;

c = 2;

• Question 6:
System.out.println(a + b < a - c)

30



Answers Total number of answers
Correct answer ‘False’ 17
Wrong answer Unique answers 12

Total number of students 29

Table 4.6: Pattern of responses for question 6

• Question 7:
System.out.println((a + b) < a - c)

Answers Total number of answers
Correct answer ‘False’ 18
Wrong answer Unique answers 11

Total number of students 29

Table 4.7: Pattern of responses for question 7

• Question 8:
System.out.println((a + b) < (a - c))

Answers Total number of answers
Correct answer ‘False’ 18
Wrong answer Unique answers 11

Total number of students 29

Table 4.8: Pattern of responses for question 8

• Question 9:
System.out.println(a + (b < a) - c)

Answers Total number of answers
Correct answer ’Error’ 17
Wrong answer Unique answers 12

Total number of students 29

Table 4.9: Pattern of responses for question 9

Although the expression in questions 6-9 were required students to evaluate either ‘True’ or
‘False’, only 17 or 18 out of 29 students managed to answer correctly. Based on these ques-
tions, it is seen that although parentheses are added to the expression, there are still students
who were not able to give the correct answer.

Question 9 is particularly interesting; according to the basic rule of operator preced-
dence, the expression produced an error. That is because the expression (b < a) produces
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a boolean result and it cannot be added with the addition operator (figure 4.1 ). In this
question, there were 12 students who were not able to give the correct answer.

Figure 4.1: Error produce when compiling question 9

4.2.6 Questions 10-15

In this section all questions aimed to check student understanding on side effects [19] in Java
programs and the questions include increment operators.
Given the Java fragment program below:

• Question 10:
What is the value of x if i=-1 ?

if(i != -1) {

System.out.println(++i);

System.out.println(x=i++); }

else {

System.out.println(x=i);

}

According to table 4.10, there were 20 students who managed to provide correct an-
swers. A total of 9 students gave a variety of wrong answers. Some of them gave the
correct answer value however, the output style was wrong for example x=-1.

Answers Students’ answer Number of students
Correct answers -1 20
Wrong answers x=i 1

x=-1 4
0 1
1 1

-1 !=-1 false 1
3 1

Total number of students 29

Table 4.10: Pattern of responses for question 10
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• Question 11:
What is the value of x if i=0 ?

if(i != -1) {

System.out.println(++i);

System.out.println(x=i++); }

else {

System.out.println(x=i);

}

In this question, only 3 students were able to provide correct answers, while the other
students gave variety of wrong answers. As shown in Table 4.11, the number of stu-
dents who gave the correct answer was smaller than the number for question 10. Con-
fusion in dealing with increment operators led the students to provide the wrong an-
swers.

Answers Students’ answer Number of students
Correct answers 1 1 3
Wrong answers 1234 1

1 8
0 3
2 1

2output:11 2
1x=1 2
1x=0 1
-1 1
1 2 2
0 1 1
2 2 1

false 1
0x=1 2

Total number of students 29

Table 4.11: Pattern of responses for question 11

33



• Question 12:
What is the value of x if i=1 ?

if(i != -1) {

System.out.println(++i);

System.out.println(x=i++); }

else {

System.out.println(x=i);

}

The answers to this question were similar to question 11. There were only 4 students
who managed to give correct answers while others gave the wrong answers. 10 of the
students failed to get the correct answer because the answers were not following the
coding style; they answered 2 instead of 2 2.

Answers Students’ answer Number of students
Correct answers 2 2 4
Wrong answers 2 10

1 4
x!=-1 1
1x=2 1

3output:22 2
2x=2 2

1x=12x=2 1
3 1

-1 1 1
2x=1 1

1!=-1false 1
Total number of students 29

Table 4.12: Pattern of responses for question 12

• Question 13:
What is the value of x if i=-1 ?

if(i > 0) {

System.out.println(x=i++); }

else {

System.out.println(x=i);

System.out.println(i=x++);

}

Table 4.13 shows another decrease in the number of correct answers. Only 2 out of
29 managed to give correct answers. Then, 10 of the students considered as wrong
answer because they were not following the style of answering according the coding
provided, while other students stated their answers differently.
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Answers Students’ answer Number of students
Correct answers -1 -1 2
Wrong answers -1 10

1 3
x=-1 i=-1 x=-1 i=0 2

0output:-1-1 2
x=-1 i=0 2
error 2
-1 0 2
0 -1 1

-1 i=-1 1
() 1
0 1

Total number of students 29

Table 4.13: Pattern of responses for question 13

• Question 14:
What is the value of x if i=0 ?

if(i > 0) {

System.out.println(x=i++); }

else {

System.out.println(x=i);

System.out.println(i=x++);

}

Question 14 also showed no improvement among students when dealing with incre-
ment operators. Only 4 students gave correct answers while the other 25 students
failed to provide correct answers.

Answers Students’ answer Number of students
Correct answers 0 0 4
Wrong answers 0 11

x=0 i=0 x=0 i=1 1
1output:0 0 2
x=0 i=1 3

x=0 i=1 x=1 i=2 1
-1 1
1 1
2 1
0 1 3

1>0 true 1
Total number of students 29

Table 4.14: Pattern of responses for question 14

35



• Question 15:
What is the value of x if i=1 ?

if(i > 0) {

System.out.println(x=i++); }

else {

System.out.println(x=i);

System.out.println(i=x++);

}

In this question, the total number of students who managed to provide correct answer
increased to 16 out of 29.

Answers Students’ answers Number of students
Correct answers 1 16
Wrong answers 234 1

2output:1 2
x=1 i=1 x=1 i=2 1

x=2 2
x=1 x=2 1

1 2 3
x=1 1
() 1
3 1

Total number of students 29

Table 4.15: Pattern of responses for question 15

As a summary of questions 10-15, students seemed to have difficulties dealing with pre
and post increment operations. Besides, the total number of student who provided correct
answers showed that students do have problems with side effect issues in programming.

4.2.7 Question 16

Question:
”Write an expression for the problem below and add parentheses if it requires:
People can enter the spin and draw competition unless they are above 25 years old, with
salary below 1000 dolars and has siblings less than 3.”
This question examined students’ understanding of long conditional expressions without
parentheses. The majority of the students were able to produce the correct answer (Table
4.16).
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Answers Students’ answers Total number of answers
Correct answer False 21
Wrong answers true 4

a>b&&45<=sum<a+d&&d>90 1
-100 1

false therefore the output:true 2
Total number of students 29

Table 4.16: Pattern of responses for question 16

4.3 Discussion

There were a total of 16 questions in the survey. The majority of the questions presented
difficulties for the students. In question 2, only 13 students showed they understood the
order of evaluation by parenthesizing correctly. In questions 6 to 9, some students thought
that complex expressions require parentheses to make the order of evaluation clear, yet,
not all expressions need to be parenthesized. We can see that not all students managed to
answer the questions, whether the arguments are parenthesized or not.

Questions 10-15 focused on operators and side effects. The overall results showed that
most of the students were not able to provide correct answers especially for questions 11-
14. Those questions required students to give an output after executing the fragment code
given. The questions dealing with increment operators and with more than one output had
fewer correct answers from the students. We assume this is because of their confusion while
interpreting the code and dealing with side effects at the same time.

4.4 Limitations

This pilot study has a number of limitations:

• The participants in the study were from the same university and had the same back-
ground in programming

• The total number of participants was relatively small (29)

• All of the survey questions were untested. The survey was based on previous publi-
cations and suggestion from programming websites.

• The survey is lacking of justification from the findings because some participants
might have misinterpreted the questions. The misinterpretation might be caused by
the unverified questions.
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Chapter 5

Project plan

This chapter briefly explains the overall research plan of this thesis. The research plan is
listed below:

• Phase 1: Review selected literature related to this study (in progress: see chapter 2).

• Phase 2: An early stage, pilot study among students who have computer science back-
ground. This has been completed and the findings of this study have been recorded as
preliminary findings of this thesis (completed: see chapter 4).

• Phase 3: Design a comprehensive experimental study for the data collection. This in-
cludes use of questionnaires, interviews and also observations (in progress: see chap-
ter 3).

• Phase 4: Data collection - carry out the study designed in phase 3

• Phase 5: Data analysis - analyze the data collected in phase 4

• Phase 6: Theory development - develop a theory

• Phase 7: Thesis completion

5.0.1 Research timeline

The table below shows the appropriate time frame for this research study.
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Research Timeline
Action plan Dates
Initial literature review July - Oct 2014
Human Ethic Approval (HEC) 31 Oct 2014
Preliminary study Nov 2014
Preliminary analysis Dec 2014
Attending workshop at Brisbane 23 - 25 Nov 2014
Presenting research proposal Mid 2015
Further data collection and analysis Jun 2015 - March 2016
Major Literature review Dec 2014 - Jun 2016
Attending conferences 2015 - 2016
Writing thesis 2015 - 2016

5.1 Thesis outline

A thesis outline for this study is as follows:

• Chapter 1 : Introduction - This chapter will introduce the research problem, objectives,
hypotheses, research questions and thesis outline.

• Chapter 2 : Literature review - This chapter will provide background about the selec-
tion of syntax in programming language design, and result in the area.

• Chapter 3 : Research Methodology - This chapter will explain the details of the re-
search methodology which is appropriate for this study.

• Chapter 4 : Data Collection and Analysis - This chapter will present the data collection
and the analysis.

• Chapter 5 : Research Findings - This chapter will present the findings from this re-
search.

• Chapter 6 : Discussion and Conclusion - This chapter will interpret the findings and
provide a detailed description of how the findings contribute to new theories or im-
prove current theories. This chapter will conclude by summarizing the contributions,
limitations and future work.
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Appendix A

Human Ethics Application and
Approval
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ResearchMaster

Human Ethics Application

Application ID : 0000021215
Application Title : operator precedence in programming language design
Date of Submission : 16/10/2014
Primary Investigator : Najwani Razali
Other Investigators : Prof Dale Carnegie

Prof James Noble
Dr Stuart Marshall
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Research Form

Information

Welcome to the Human Ethics Application Form
The following advice will assist you in completing this process:

Help contact

For information about Human Ethics, go to the Human Ethics web page.

For help, please email the Ethics Administrator.

Policy

You must read the Human Ethics Policy before beginning your application. The Policy includes a link to a sample consent form, information sheet, and transcribing confidentiality
form which may be useful (see last page).

Health research may require HDEC approval. To find out if your research requires this, read the HDEC Guidelines or contact the chairperson of your committee for clarification.

Student research

If you are a student, check with your supervisor before filling in this form. You may need to complete School requirements before applying for ethical approval.

Student applications will be automatically forwarded to supervisor(s) and then Head of School/Delegate for approval when the form is submitted. Once the Head of School has
approved it, the form will be automatically forwarded for committee review.

Technical

This online system works best on Internet Explorer and Safari. It may not work on your iPad or tablet.

A guide to using this online form, which includes a workflow showing how the approval process works, can be downloaded here.

If your application involves other researchers, you can use the Comments function of this form to communicate about the application with each other. Click on the Application
Comments or Page Comments icon on the top right of the screen to view and add comments. Comments left on the form once it is submitted will be visible to your Head of
School and committee reviewers, so remember to delete any private comments before submitting the form.

Process

All applications will be automatically forwarded to the Head of School for review when the application is submitted. Once the Head of School has approved it, the form will be
automatically forwarded for committee review.

You will normally receive an outcome of the review of your application within three weeks, unless you apply during an advertised closedown period (for instance, applications may
not be reviewed in December and January). NO part of the research requiring ethical approval may commence prior to approval being given. 

To apply for an amendment or extension to an approved application, open the approved form and click on Apply for amendment/extension. You will then be able to complete the
Amendment/Extension page and resubmit the form.

Application Details
1. Ethics category code*

Human

Clearance Purpose code

Research Only

2. Application ID

0000021215

3. Please select the appropriate committee below. Please note that: 

The School of Information Management committee is not yet processing forms online.
Education applications are now handled by the Human Ethics Committee.

*Human Ethics Committee

4. Title of project*

operator precedence in programming language design

5. School or research centre*
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Engineering and Computer Science

6. Please list all personnel involved in this project. Ensure that all are listed with the correct role. If you are a student, do not add your supervisor here: you will be asked
to add this information on the next page. 

Please ensure that only one person is listed as Principal Investigator.

To add a person, search for their Victoria ID if known, otherwise either their first or last name (whichever is the most unusual). Click on the magnifying glass to search for results.

Press the green tick at the bottom right corner to save the person record. 

Add anybody who is involved in this project as:

Associate Investigator
Other Researcher
PhD Student
Masters Student
Research Assistant

Click on the help button if you are having difficulty adding people to the list.*

1 Given Name Najwani

Surname Razali

Full Name Najwani Razali

AOU SECS

Position Principal Investigator

Primary? Yes

7. Are any of the researchers from outside Victoria?*

Yes

No

8. Is the principal investigator a student?*

Yes

No

Next time you save this form or move to a new page, a Student Research page will appear after this one. Please complete the two questions on the Student
Research page.

Student Research
7a. What is your course code (e.g. ANTH 690)?*

COMP690

7b. Please add your primary supervisor (the supervisor who should review this application). 

If your supervisor is also the Head of School or the school ethics officer, you will need to discuss with your School who should approve this application as Head of School or
delegate. The supervisor and Head of School or delegate must not be the same person.

To add your supervisor, search for their Victoria ID if known, otherwise either their first or last name (whichever is the most unusual). 

Press the green tick at the bottom right corner to save the person record. *

1 Given Name Robert

Surname Noble

Full Name Prof James Noble

AOU SECS

Position Supervisor

2 Given Name Stuart

Surname Marshall

Full Name Dr Stuart Marshall

AOU SECS

Position Supervisor

If your supervisor is also the Head of School, you will need to assign a different person to the Head of School or Delegate role on the Signoff page.

7c. What is your email address? (this is needed in case the committee needs to contact you about this application)*

najwani84@gmail.com
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Note that systemgenerated emails (eg approval notifications) will not necessarily come to this address. Systemgenerated emails will come to the email address stored for you in
Student Records. To change the record in Student Records, log into My Victoria, and click on Student Records. You will be able to update your email address from there.

Project Details
9. Describe the objectives of the project*

The objective of the project is to gather conceptual understanding among student about programming language. The collected information will
be used to design a framework model for understanding their knowledge on programming languages. Based on the findings, we will propose
better solutions for designing or improving representations for programming features.

10. Describe the benefits and scholarly value of the project*

Benefits from this study are: 
 Information can be used guide approaches to teaching 
 The proposed experimental framework can be used for comprehensive testing on other related issue in relation to programming languages

11. Describe the method of data collection. Note that later in this form, in the Documents section, you will need to upload any relevant documentation such as interview schedule,
survey, questionnaires, focus group rules, observation protocols etc. Delays are likely if the interview questions are missing from the Documents section. *

The data collection will take place in programming language course in Victoria University. A selection of participants will be based on the academic
record. This record will be discuss with the lecturer's that in charge for the course. Firstly, they were asked to answer a questionnaire within
specific time. While participants answering the questionnaire, they will be observe in term of time taken to complete the task given. Then, an
interview session will be done in order to gather a details information about their answers. 
Methodology: 
 Questionnaires 
 Interviews 
 Observations

12. Does your research have more than one phase?*

Yes

No

Key Dates
If approved, this application will cover this research project from the date of approval

13. Proposed end date for data collection*

27/11/2015

14. Proposed end date for research project as a whole*

31/10/2016

Proposed source of funding and other ethical considerations
15. Indicate any sources of funding, including selffunding (selffunding means that you are paying for research costs such as travel, postage etc. from your own funds) (tick all that

apply)

Internally funded

Externally funded

Selffunded

15a. Describe the source of funding*

Malaysian Government

15b. Indicate any ethical issues or conflicts of interest that may arise because of sources of funding e.g. restrictions on publication of results*

none

16. Is any professional code of ethics to be followed?*

Yes

No

17. Is ethical approval required from any other body?*

Yes

No

18 Depending on the characteristics of your participants or location of the research, you may need to arrange permission from another body or group before proceeding. If this is
the case, explain and describe how you are addressing this*

The study will be held at Victoria University and this study will focus on programming subject class. Therefore, I will ask permission from the
current lecturer that responsible for the class before continue the experiment.
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Treaty of Waitangi
19. How does your research conform to the University's Treaty of Waitangi Statute? (you can access the statute from Victoria's Treaty of Waitangi page)*

N/A

Information about participants
20. How many participants will be involved in your research? If you are using records (e.g. historical), please estimate the number of records*

Roughly 30 participants

21. What are the characteristics of the people you will be recruiting?*

They are experts people who have computer science background and students from computer science school

22. Are you specifically recruiting any of the following groups?

Māori
Pasifika
Children/youth
Students
People who are offenders and/or victims of crime
People with disabilities
People in residential care
People who are refugees

Please indicate below.*

Yes

No

23. Have you undertaken any consultation with the groups from which you will be recruiting?*

Not yet

24. Provide details of consultation you have undertaken or are planning*

At the first meeting, they will be briefed about the experiment. They will be asked to answer a questionnaire. During the experiment,
participants will be observed. Once they are finished with the tests, they will be asked to explain their interpretation of the problem given. All of
their answers and justifications will be recorded.

25. Outline the method(s) of recruitment you will use for participants in your study*

It will be completely voluntary and it will be advertised in the class of forums. Information sheets and consent form will be distributed and
explained to the research participants before obtaining their consent.

26. Will your participants receive any gifts/koha in return for participating?*

Yes

No

26a. Describe the gifts/koha and the rationale*

Token of appreciation for the participants is a Thumbdrive with a value of nzd5 each. 
This experiment will be done during the semester session and it will take some of their times for participating in this study. Their answer and
action will all be observe. Therefore, I think the participants deserve a higher value for their contribution and participation.

27. Will your participants receive any other assistance (for instance, meals, transport, release time or reimbursements)?*

Yes

No

28. Will your participants experience any special hazard/risk including deception and/or inconvenience as a result of the research?*

Yes

No

29. Is any other party likely to experience any special hazard/risk including breach of privacy or release of commercially sensitive information?*

Yes

No

30. Do you have any professional, personal, or financial relationship with prospective research participants?*

Yes

No

31. What opportunity will participants have to review the information they provide? (tick all that apply)*
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They will be given a transcript of their interview

They will be given a summary of their interview

Other

They will not have an opportunity to review the information they provide

31a. Explain how participants will be able to review the information they provide*

They are allowed to ask for a meeting or an email will be sent to them for the explanation about the significant findings from the study.

Informed consent
32. Will participation be anonymous? 'Anonymous' means that the identity of the research participant is not known to anyone involved in the research, including

researchers themselves. It is not possible for the researchers to identify whether the person took part in the research, or to subsequently identify people who took part
(e.g., by recognising them in different settings by their appearance, or being able to identify them retrospectively by their appearance, or because of the distinctiveness of the
information they were asked to provide).*

Yes

No

33. Will contributions of participants be confidential? Confidential means that those involved in the research are able to identify the participants but will not reveal their identity to
anyone outside the research team. Researchers will also take reasonable precautions to ensure that participants¿ identities cannot be linked to their responses in the future.*

Yes

No

33a. How will confidentiality be maintained in terms of access to the research data? (tick all that apply)*

Access to the research will be restricted to the investigator

Access to the research will be restricted to the investigator and their supervisor (student research

Focus groups will have confidentiality ground rules

Transcribers will sign confidentiality forms

Other

33b. How will confidentiality be maintained in terms of reporting of the data? (tick all that apply)*

Pseudonyms will be used

Participants will be named only in a list of interviewees

Data will be aggregated and so not reported at an individual level

Participants will be referred to by role or association with an organisation rather than by name

Names will be confidential, but other identifying characteristics may be published with consent

Other

34. How will informed consent be obtained? (tick all that apply to all phases of the research you are describing in this application)*

Informed consent will be implied through voluntary participation (anonymous research only)

Informed consent will be obtained through a signed consent form

Informed consent will be obtained by some other method

Access, storage, use, and disposal of data
35. What procedures will be in place for the storage of, access to and disposal of data, both during and at the conclusion of the research? (tick all that apply)*

All written material will be kept in a locked file; access restricted to investigator(s)

All electronic information will be passwordprotected; access restricted to the investigator(s)

All questionnaires, interview notes and similar materials will be destroyed

Any audio or video recording will be returned to participants and/or electronically wiped

Other procedures

35b. Will the data be destroyed immediately after the conclusion of the research?*

Yes

No

35c. How many years after the conclusion of the research will the materials be destroyed?

3.00

36. If data and material are not to be destroyed, indicate why and the procedures envisaged for ongoing storage and security

The data obtained from this research will be valuable and provide insights into other aspects in future works. Hence, all the research data will be
kept securely in storage as well as online, with access restricted to me.

Dissemination
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37 How will you provide feedback to participants?*

Verbal feedback will be given to the participants as required. Also, when the research is completed and written, an email will be sent to
participants to ask them whether they would like a copy of the thesis.

38. How will results be reported and published? Indicate which of the following are appropriate. The proposed form of publications should be indicated on the information sheet
and/or consent form*

Publication in academic or professional journals

Dissemination at academic or professional conferences

Availability of the research paper or thesis in the University Library and Institutional Repository

Other

39. Is it likely that this research will generate commercialisable intellectual property? (check the help text for more information about IP)*

Yes

No

Documents
40. Please upload any documents relating to this application. Ensure that your files are small enough to upload easily, and in formats which reviewers can easily download and

review*

Description Reference Soft copy Hard copy

Participant information sheet(s) informationSheetme.pdf

Participant consent form(s) consentFormme.pdf

Questionnaire or survey test operators questionVersiontwo.pdf

Getting feedback on your application
You can seek feedback on your draft application, for instance from a mentor or a school Ethics representative before submitting it for review. 

There are two ways of doing this:

1. Emailing your application to someone

You can email your application and any associated documents to another person at Victoria. To do this:

1.  Click on the Action tab (on the left of the screen)
2.  Click on Email application
3.  Search for the person using either their first name or their last name (whichever is the most unusual)
4.  Select the documents to include from the Document list (eg the Application PDF)
5.  Click on Send or Zip and send

If you wish to send your application to someone outside Victoria, one option is emailing the application to yourself and then forwarding it.

2. Assigning a peer reviewer

You can add someone to the form as 'peer reviewer'. This means that they will be able to access your form by logging onto ResearchMaster. They will also be able to comment on
your form online. If you are a student, don't add your supervisor to the form as a peer reviewer  to get supervisor feedback, submit the form. Your supervisor
may then make comments on it and ask you to review it further before it goes to the committee for review. To do this:

1.  Click on the Review tab on the left of the screen
2.  Click on 'Peer reviewers'
3.  Search for the person using their person code if known, or either their first name or their last name (whichever is the most unusual)
4.  Click on the person's name
5.  You may then also want to send the peer reviewer a notification, by clicking on Notify Peer Reviewer on the Actions tab

Checklist
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Please check the information below and tick the box at the bottom of the page. Then follow the instructions to submit.

Have you read the Human Ethics Policy?

Have you included an information sheet for participants which explains:
the nature and purpose of your research;
the proposed use of the material collected
who will have access to the material collected
whether the data will be kept confidential to you
how anonymity or confidentiality is to be guaranteed?

Does your information sheet also include:
a statement about participants' right to withdraw and the final date for doing so (and is this also referred to in the consent form)?
a statement confirming that the research has been approved by Victoria University of Wellington Human Ethics Committee?
a statement about the destruction of the data at the end of the project?
(for students) your supervisor's name and email address?

Have you used your VUW email address?

Have you included a written consent form?

If not, have you explained on the application form why you do not need to get written consent?
Are your information sheets and consent forms on VUW letterhead?

Have you included a copy of any questionnaire or interview schedule you propose using?

I have gone through the checklist and completed all the relevant tasks. *

Yes

Signoff
41. This section records signoff by all other researchers involved in the project (principal investigators do not need to sign off).

If coresearchers are external to Victoria University they may be unable to access this site. In this instance, the Principal Investigator may sign off on their behalf. Please upload
evidence of the coresearchers' signoff (e.g., a scanned email) to the Documents page.

To sign off:

1.  Click on the pencil icon on the far right of the line with your name on it
2.  Click on I Accept
3.  Add the date
4.  Click on the green tick icon on the bottom of the signoff window
5.  Go to the Actions tab and click on 'Notify lead researcher that signoff is complete'

This question is not answered.

42. Please add the Head of School (or delegate. e.g. school ethics officer) who should approve this application. This will be your own Head of School, or the person in your School
responsible for approving Ethics applications. The form will be forwarded to this person automatically once it is submitted. Please check with your School administration
team if you are unclear who should be assigned this role. Adding the wrong person could lead to delays in processing your application.

If you are a student, the Head of School or delegate must not be the same person as your supervisor.

Once you've searched for your Head of School/delegate, click on the green tick to add them, and then also save the application before submitting.

Heads of School or delegates should process this form by clicking on the Actions tab and either approve it, or return it to the researcher for further changes. *

1 Given Name Dale

Surname Carnegie

Full Name Prof Dale Carnegie

AOU SECS

Position Head of School (or delegate)

Please ensure that you save your application before submitting it. Once you have saved your application, to submit it, click on 'Actions' on the left hand side of the screen
and then 'Submit for review'. 

If you are a student, your application will go to your supervisor and then Head of School for approval once you submit it. If you are a staff member, your
application will go straight to the Head of School for approval once you submit it.

If you have any feedback about this online form, please email it to ethicsadmin@vuw.ac.nz

19/03/2015 Page 8 / 8  



50



Appendix B

Pilot Study Questionnaire
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Test on operators and operator precedences in JAVA programming.

Please answer all the questions and thank you for your participation.

Write the correct answer based on description below:

1. Do you consider yourself: Please choose only one of the following:

• A novice

• A beginner programmer

• An intermediate programmer

• An experienced programmer

2. Add parentheses to the following expression based on their precedence in order to remove ambiguity and

give the output:

1 + 2 * 3 - 4

3. Add parentheses to the following expression based on their precedence in order to remove ambiguity and

give the output:

a + b++ * c / a * b

4. Add parentheses to the following expression based on their precedence in order to remove ambiguity and

give the output:

z - 3 * x != y + 5

5. Add parentheses to the following expression based on their precedence in order to remove ambiguity and

give the output:

x + y < 10 && x/y == 3 || z != 10

Given the Java fragment program below, what is the output of the following code?

int a = 1;
int b = 3;
int c = 2;

6. System.out.println(a+b<a-c);

Answer:

7. System.out.println((a+b)<a-c);

Answer:

8. System.out.println((a+b)<(a-c));



Answer:

9. System.out.println(a+(b<a)-c);

Answer:

10. Given the Java fragment program below:

if (i != -1){
System.out.println(++i);
System.out.println(x = i++)
}
else {
System.out.println(x = i);
}

What is the final value of x if i = -1?

11. Given the Java fragment program below:

if (i != -1){
System.out.println(++i);
System.out.println(x = i++)
}
else {
System.out.println(x = i);
}

What is the final value of x if i = 0?

12. Given the Java fragment program below:

if (i != -1){
System.out.println(++i);
System.out.println(x = i++)
}
else {
System.out.println(x = i);
}

What is the final value of x if i = 1?

13. Given the Java fragment program below:

if (i != -1){
System.out.println(x = i++)
}
else {
System.out.println(x = i);
System.out.println(x++);

}

What is the final value of x if i = -1?

14. Given the Java fragment program below:

Page 2



if (i != -1){
System.out.println(x = i++)
}
else {
System.out.println(x = i);
System.out.println(x++);

}

What is the final value of x if i = 0?

15. Given the Java fragment program below:

if (i != -1){
System.out.println(x = i++)
}
else {
System.out.println(x = i);
System.out.println(x++);

}

What is the final value of x if i = 1?

16. Given the Java fragment program below, what is the output of the following code?

int a = 10;
int b = 5;
int d = 100;
int sum = a + b;

\lstinline $if( ! ( a < b && 45 <= sum || sum < a + d && d > 90)) {
System.out.println(‘‘True’’);
}
else {
System.out.println(‘‘False’’);
}$

17. Write an expression for the problem below and add parentheses if it requires:

“People can enter the spin and draw competition unless they are above 25 years old, with salary below

1000 dolars and has siblings less than 3”
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[62] RUNESON, P., AND HÖST, M. Guidelines for conducting and reporting case study
research in software engineering. Empirical software engineering 14, 2 (2009), 131–164.
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