










out.print("," + (asserts = getAsserts(dir)));
 
float iloc,imodules,iclasses,imethods;
 
iloc = Integer.parseInt(loc);
 
imodules = Integer.parseInt(modules);
 
iclasses = Integer.parseInt(classes);
 
imethods = Integer.parseInt(methods);
 
if (iloc > 0) {
 

out.print("," + (asserts/iloc));
 
}
 
else {
 

out.print(", ");
 
}
 
if (imodules > 0) {
 

out.print("," + (asserts/imodules));
 
}
 
else {
 

out.print(", ");
 
}
 
if (iclasses > 0) {
 

out.print("," + (asserts/iclasses));
 
}
 
else {
 

out.print(", ");
 
}
 
if (imethods > 0) {
 

out.print("," + (asserts/imethods));
 
}
 
else {
 

out.print(", ");
 
}
 

out.println(); 
} 
private static int getAsserts(File dir) { 

int count = 0; 
try { 

FileInputStream fis = new FileInputStream(dir + 
File.separator + "assertCount1.txt"); 

InputStreamReader isr = new InputStreamReader(fis); 
BufferedReader br = new BufferedReader(isr); 
String line=null; 
while ( (line = br.readLine()) != null) { 
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int index = line.lastIndexOf(’:’); 
if(index>0) { 

count += Integer.parseInt(line.substring(index+2)); 
} 

} 
} catch (IOException ioe) { 

ioe.printStackTrace();
 
}
 
return count;
 

} 
} 

C.5 CCCC Analyzer 

import java.io.File; import java.io.IOException; 

import javax.xml.parsers.DocumentBuilder; import 
javax.xml.parsers.DocumentBuilderFactory; import 
javax.xml.parsers.FactoryConfigurationError; import 
javax.xml.parsers.ParserConfigurationException; 

import org.w3c.dom.Document; import org.w3c.dom.NodeList; import 
org.xml.sax.SAXException; import org.xml.sax.SAXParseException; 

public class CCCCAnalyzer { 
private Document doc; 
public CCCCAnalyzer(String fileName) { 

try { 
File f = new File(fileName); 
doc = DocumentBuilderFactory.newInstance(). 

newDocumentBuilder().parse(f); 
} catch (Exception e) { 

System.out.println("Could not parse " + fileName); 
} 

} 

public String getAttribute(String att) {
 
NodeList nodes = doc.getElementsByTagName(att);
 
return nodes.item(0).getAttributes().
 

getNamedItem("value").getNodeValue();
 
}
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public String getNumClasses() { 
NodeList nodes = 
doc.getElementsByTagName("procedural_summary"); 

nodes = nodes.item(0).getChildNodes(); 
int count=0; 
for(int i=1;i<nodes.getLength();i=i+2) { //for each module 

if(validClassName(nodes.item(i).getChildNodes().item(1). 
getChildNodes().item(0).toString())) 

count++;
 
}
 
return new Integer(count).toString();
 

} 
public String getNumMethods() { 

NodeList nodes = doc.getElementsByTagName("oo_design"); 
nodes = nodes.item(0).getChildNodes(); 
int count=0; 
for(int i=1;i<nodes.getLength();i=i+2) { //for each module 

if(validClassName(nodes.item(i).getChildNodes().item(1). 
getChildNodes().item(0).toString())) { 
count = count + new Integer(nodes.item(i). 

getChildNodes().item(3).getAttributes(). 
getNamedItem("value").getNodeValue()).intValue(); 

}
 
}
 
return new Integer(count).toString();
 

}
 
private boolean validModuleName(String name) {
 

if(	 name.equals("String") ||
 
name.equals("String[]") ||
 
name.equals("Vector") ||
 
name.equals("ArrayList") ||
 
name.equals("Integer") ||
 
name.equals("Double") ||
 
name.equals("Long") ||
 
name.equals("Boolean") ||
 
name.equals("ofstream") ||
 
name.equals("ifstream") ||
 
name.equals("ostream") ||
 
name.equals("istream") ||
 
name.equals("iostream") ||
 
name.equals("bool") ||
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name.equals("string") || 
name.equals("int") || 
name.equals("short") || 
name.equals("long") || 
name.equals("unsigned int") || 
name.equals("unsigned short") || 
name.equals("unsigned long") || 
name.equals("char") || 
name.equals("float") || 
name.equals("long double") || 
name.equals("double")) 

return false; 
else return true; 

} 
private boolean validClassName(String name) { 

if(name.equals("anonymous") || 
name.equals("String") || 
name.equals("String[]") || 
name.equals("Vector") || 
name.equals("ArrayList") || 
name.equals("Integer") || 
name.equals("Double") || 
name.equals("Long") || 
name.equals("Boolean") || 
name.equals("ofstream") || 
name.equals("ifstream") || 
name.equals("ostream") || 
name.equals("istream") || 
name.equals("iostream") || 
name.equals("bool") || 
name.equals("string") || 
name.equals("int") || 
name.equals("short") || 
name.equals("long") || 
name.equals("unsigned int") || 
name.equals("unsigned short") || 
name.equals("unsigned long") || 
name.equals("char") || 
name.equals("float") || 
name.equals("long double") || 
name.equals("double")) 

return false; 
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else return true; 
} 

private String getMaxTemplate(String tagName, int index) { 
NodeList nodes = doc.getElementsByTagName(tagName); 
nodes = nodes.item(0).getChildNodes(); 
int max=0; 
for(int i=1;i<nodes.getLength();i=i+2) { //for each module 

if(validClassName(nodes.item(i).getChildNodes().item(1). 
getChildNodes().item(0).toString())) { 

int current = new Integer(nodes.item(i). 
getChildNodes().item(index).getAttributes(). 
getNamedItem("value").getNodeValue()).intValue(); 

if (current > max)
 
max = current;
 

}
 
}
 
return new Integer(max).toString();
 

} 
private String getAvgTemplate(String tagName, int index) { 

NodeList nodes = doc.getElementsByTagName(tagName); 
nodes = nodes.item(0).getChildNodes(); 
int sum=0; 
int count=0; 
for(int i=1;i<nodes.getLength();i=i+2) { //for each module 

if(validClassName(nodes.item(i).getChildNodes().item(1). 
getChildNodes().item(0).toString())) { 

int current = new Integer(nodes.item(i). 
getChildNodes().item(index).getAttributes(). 
getNamedItem("value").getNodeValue()).intValue(); 

sum += current;
 
count++;
 

}
 
}
 
return new Double(((double)sum)/count).toString();
 

} 
private String getMaxProcTemplate(String tagName, int index) { 

NodeList nodes = doc.getElementsByTagName(tagName); 
nodes = nodes.item(0).getChildNodes(); 
int max=0; 
for(int i=1;i<nodes.getLength();i=i+2) { //for each module 

if(validModuleName(nodes.item(i).getChildNodes().item(1). 
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getChildNodes().item(0).toString())) { 
int current = new Integer(nodes.item(i). 

getChildNodes().item(index).getAttributes(). 
getNamedItem("value").getNodeValue()).intValue(); 

if (current > max)
 
max = current;
 

}
 
}
 
return new Integer(max).toString();
 

} 
private String getAvgProcTemplate(String tagName, int index) { 

NodeList nodes = doc.getElementsByTagName(tagName); 
nodes = nodes.item(0).getChildNodes(); 
int sum=0; 
int count=0; 
for(int i=1;i<nodes.getLength();i=i+2) { //for each module 

if(validModuleName(nodes.item(i).getChildNodes().item(1). 
getChildNodes().item(0).toString())) { 

int current = new Integer(nodes.item(i). 
getChildNodes().item(index).getAttributes(). 
getNamedItem("value").getNodeValue()).intValue(); 

sum += current;
 
count++;
 

} 
} 
return new Double(((double)sum)/count).toString(); 

} 

public String getMaxLOCperModule() {
 
return getMaxProcTemplate("procedural_summary",3);
 

}
 

public String getMaxComplexityPerModule() {
 
return getMaxProcTemplate("procedural_summary",5);
 

}
 

//repeat for all aggregate metrics 

} 
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Appendix D 

Metrics 

This appendix summarizes some of the metrics used in analyzing software. 

D.1 Robert C. Martin Suite 

The following metrics and definitions come from [58]. 

Afferent Coupling (CA) 

The number of classes outside a package that depend on classes inside the package. 

Efferent Coupling (CE) 

The number of classes inside a package that depend on classes outside the package. 

Instability (I) 

CE / (CA + CE) 

Abstractness (A) 

The number of abstract classes (and interfaces) divided by the total number of types 
in a package. 

Normalized Distance from Main Sequence (D) 

| A + I - 1 |, this number should be small, close to zero for good packaging design. 
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D.2 Eclipse Metrics 

The following metrics and definitions come from [75] and [43]. 

D.2.1 Class Metrics 

Specialization Index 

Average of the specialization index, defined as NORM * DIT / NOM. 

Number of Overridden Methods 

Total number of methods in the selected scope that are overridden from an ancestor 
class. 

D.3 JStyle 

The following definitions come from JStyle 5.0 online help [78]. 

D.3.1 Project-wide Metrics 

Number of Packages 

Total number of distinct packages in the project. A package in Java conveniently 
groups similar packages. Classes that are not defined in a package belong to the 
default package, represented in JStyle as "#default#". 

Number of Modules 

The total number of source files included in the project. 

Number of Interfaces 

The total number of interfaces (public and nonpublic) defined in the project. 

Number of Classes 

The total number of classes defined in the project. This measure includes top-level 
(public and nonpublic), local, and inner classes. Not included in the measure are 
classes that are referenced but whose definitions are not available in the project. 
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Number of Public Classes
 

The total number of classes defined using the "public" qualifier. Public classes that 
belong to a package can be referenced in other packages, whereas nonpublic classes 
cannot be referenced that way. 

Number of Final Classes 

The total number of classes defined using the "final" qualifier. This includes public 
as well as nonpublic classes. By definition, a final class does not allow another class 
to be derived from it. 

Number of Abstract Classes 

The total number of classes defined using the “abstract” qualifier. This includes 
public as well as nonpublic classes. 

Number of Top-level Classes 

The total number of classes (public and nonpublic) defined at the top level. The 
measure does not include inner, local and anonymous classes. 

Number of Inner Classes 

The total number of non-static inner classes (public and nonpublic) in the project. 
Includes inner classes at all levels of nesting, not just top-level ones. 

Number of Nested Classes 

A nested class is a "static" class defined inside another class. This measure gives the 
total number of such nested classes (public and nonpublic, at all levels of nesting) 
in the project. 

Number of Local Classes 

A Local class is one that is defined within code blocks such as a method body, 
constructor or initialization block. Such a class is inaccessible outside of the block 
in which it is defined. Local classes cannot be qualified as "public" or "static". 

This measure gives the total number of local classes in the project, including 
anonymous classes. 
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Number of Anonymous Classes
 

Total number of anonymous classes in the project. An anonymous class has no 
name. It is defined as part of the "new" expression, and has the form 

new InterfaceOrBaseClass(args) { 
// body 

} 

Reuse ratio 

The reuse ratio (U) is given by 
U = Number of superclasses/Total number of classes 

Specialization ratio 

This ratio measures the extent to which a superclass has captured abstraction. The 
specialization ratio (S) is given as 

S = Number of subclasses / Number of superclasses 

Average Inheritance Depth 

The inheritance structure can be measured in terms of depth of each class within 
its hierarchy. The Average Inheritance Depth is given as 

Av. Inheritance Depth = Sum of depth of each class / Number of classes 

Class Hierarchy Depth 

In an object-oriented design, the application domain is modeled as a hierarchy of 
classes. This measure indicates the maximum depth of any class in a project. 

Number of Native Methods 

A native method is a Java method implemented in a "native" language, usually C or 
C++. 

This measure provides a count of the total number of native methods in all the 
classes that have been included in a project. 

Number of methods per class 

This measure indicates the number of methods that have been explicitly defined in 
a class. It does not include the methods inherited from a super class. 
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Method size
 

This measure denotes the total number of statements per method of a project. 

D.3.2 Module-wide Metrics 

Total Lines 

This measure provides a count of the total number of lines in a module. It includes 
the source lines, blank lines, and comment lines. 

Comment Lines 

This measure indicates the total number of comment lines in a module. 

Blank Lines 

This measure indicates the total number of blank lines in a module. 

Source Lines 

This measure indicates the total number of actual lines of code (LOC) in a module. 

Comment Density 

The comment density is given by the formula: Comment density = Number of com­
ment lines / Total number of lines 

JStyle reports comment density for individual modules. 

Number of Classes & Interfaces 

This measure indicates the total number of classes and interfaces defined in a mod­
ule. 

D.4 Class-wide Metrics 

Inheritance Depth 

The Inheritance Depth of a class indicates its position in the class hierarchy. In Java, 
the Object class is the root of all classes and is at level 0. A class directly derived 
from Object is at level 1 and so on. For this measure to be reported correctly for 
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your project, make sure that all external classes are correctly resolved. Unresolved 
classes may cause an incorrect depth to be reported. 

Number of Interfaces Implemented 

A Java class may implement zero or more interfaces. This measure indicates the 
total number of interfaces implemented by a class. 

Number of classes implementing interface 

This measure provides a count of the total number classes implementing an inter­
face. 

Number of Instance Variables 

This measure provides the total number of instance variables in a class. 

Number of Static Variables 

This measure provides the total number of static variables in a class. 

Number of Static Methods 

This measure indicates the total number of the static methods in the class. 

Number of Instance Methods 

This measure indicates the total number of instance methods that have been explic­
itly defined in a class. 

Number of Native Methods 

This measure indicates the number of native methods declared in a class. 

Number of Primitive Methods 

This metric is a measure of the total number of methods in a class that use only 
private fields. 

Number of NonPrimitive Methods 

This measure indicates the total number of methods in a class that do not use 
private fields. 
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Number of Methods
 

This measure provides a count of the total number of methods that have been ex­
plicitly defined in a class. 

Weighted Methods Complexity (WMC) 

WMC calculates the structural complexity on a class level. In a class of n methods, 
each of cyclomatic complexity Vij(G), the Weighted Methods Complexity is calcu­
lated as per the following formula. 
WMC = 

�n
j=1 Vij(G), where i represents the ith class. 

Response For Class (RFC) 

This measure captures the size of the response set of a class. The response set of 
a class consists of all the methods called by local methods. RFC is the sum of the 
number of local methods and the number of methods called by local methods. It is 
given by RFC = |RS|, where RS = Mi ∪ j{Rij}

Here Mi represents the set of all methods in the class (total n) and {Rij} repre­
sents the set of methods called by Mi. 

An equivalent definition is 
RFC = NLM + NRM, 
where, 
NLM = number of local methods 
NRM = number of remote methods. 

Lack of Cohesion of Methods (LCOM) 

The cohesion of a class is characterized by how closely the local methods are related 
to the local instance variables in a class. LCOM is defined as the number of disjoint 
(that is, non-intersecting) sets of local methods. 

For all computations of LCOM, constructors, and methods that are abstract, 
static, or synthesized (by the compiler - JStyle) are not taken into consideration. 
Similarly, static fields and synthesized fields are ignored. Also local and anony­
mous classes defined inside a method are not considered as part of the method but 
are treated as independent classes and hence have no impact on the LCOM of the 
outer class. Similarly, inner classes do not have any impact on the LCOM of a class. 
The fields and methods used are those that belong to the class for which LCOM is 
computed, super classes and super interfaces are not taken into consideration. 
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LCOM (Chidamber-Kemerer)
 

Chidamber and Kemerer define LCOM as a count of the number of method pairs 
whose similarity is zero minus the count of method pairs whose similarity is not 
zero. The degree of similarity, Ψ between two methods is given by Ψ(M1,M2) = 
|1 ∩ |2 

If there are no common properties then, similarity = 0. 

Consider a class C with n methods M1, M2, ...Mn. Let {Ij } = set of instance vari­
ables used by method Mi. There are n such sets {I1}...{In}. 

If P = {(Ii, Ij), Ii ∩ Ij = ∅} and 
Q = {(Ii, Ij), Ii ∩ Ij �= ∅} then 
If (P > Q), LCOM(Chidamber-Kemerer) = P-Q 
Otherwise, LCOM(Chidamber-Kemerer) = 0 

For a perfectly cohesive class the value of LCOM (Chidamber-Kemerer) is 0, and for 
a totally non-cohesive class the LCOM (Chidamber-Kemerer) value equals (n(n-1))/2 
where n represents the total number of methods present in the class. 

LCOM (Li-Henry) 

Li and Henry defined LCOM as the number of disjoint sets of methods, where any 
two methods in the same set share at least one local instance variable. 

In LCOM (Li-Henry), a value of 1 represents a perfectly cohesive class, whereas for 
a totally non-cohesive class the value equals the total number of methods present 
in the class. 

LCOM (Henderson-Sellers) 

Consider a set of methods {Mi}(i = 1, ...m) accessing a set of attributes {Aj }(j = 
1, ...a). Let the number of methods which access each datum be Mu(Aj). Then 
LCOM∗ = ((1/a 

�a
j=1 m(Aj)) − m)/1 − m 

The value of LCOM (Henderson-Sellers) is 0 for a perfectly cohesive class and 
greater than 0 for non-cohesive classes. 

Number of Inner Classes 

This metric indicates the total number of (non-static) inner classes defined in a class. 

Number of Inner Static Classes 

This measure indicates the total number of top-level static classes defined in a class. 
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Number of Local Classes 

This measure denotes the total number of local classes in various methods of a 
class including anonymous local classes. 

Number of Anonymous Classes 

This measure gives the number of anonymous classes in various methods of a class. 

Number of Children 

This measure gives a count of the number of classes that are directly derived from 
a class. 

Fan-in 

This measure indicates the total number of classes that are dependent on a particu­
lar class. Only the classes that are directly dependent on a class are considered for 
calculating Fan-in. 

For example, if two classes A and B use class C, the Fan-in of class C is 2. 
A large value of Fan-in is suggestive of high reuse. 

Fan-out 

This measure gives the number of classes that are used by a particular class. All the 
classes that are directly used by a class including inherited classes are considered 
for calculating the Fan-out. For example, if class A uses three classes B, C, and D, 
then Fan-out for class A is 4 (this value includes the Object class too). 

A large value of Fan-out is suggestive of tight coupling. 

Intra-Package Fan-in 

This metric is a measure of the number of classes that are dependent on a specific 
class within a package. 

Intra-Package Fan-out 

This measure provides a count of the number of classes that are used by a specific 
class within a package. 
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Inter-package Fan-in 

This measure indicates the number of classes outside a package that are dependent 
on a specific class. 

Inter-package Fan-out 

This metric denotes the number of classes outside a package that is used by a 
specific class. 

D.4.1 Method-wide Metrics 

Number of Statements 

This measure indicates the actual number of statements in a method. 

Number of Exceptions thrown 

This measure indicates the number of exceptions thrown by a method. 

Cyclomatic Number 

Cyclomatic number proposed by McCabe is one of the widely used measures to 
understand the structural complexity of a program. This number, based on a graph-
theoretic concept, counts the number of linearly independent paths through the 
program. 

If G is the control flow graph of program P, and G has e edges (arcs) and n nodes, 
then Cyclomatic number 

V(G) = e - n + 2 
Or, more simply, if d is the number of decision nodes in G, then Cyclomatic 

number 
V(G) = d + 1 
The value of d for the Java constructs is listed below. 

Java Constructs Value of d 

if...then 1 
if...then...else 1 
for 1 
while 1 
do...while 1 
case statements 1 

JStyle computes V(G) for every method in a class, not to the module as a whole.
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Note that this computation of Cyclomatic number is different from that in the Con­
trol Flow Graph. To know more about this, see Difference in Cyclomatic Number 
calculation. 

Halstead Measures 

Halstead observed that any computer program could be viewed as a sequence of to­
kens that can be classified as either operators or operands. This is because all pro­
grams are reduced to a sequence of machine language instructions, each of which 
consists of an operator code and one or more operand addresses. The basic metrics 
for these tokens are listed below. 

n1 = number of unique operators 
n2 = number of unique operands 
N1 = Total number of operators 
N2 = Total number of operands 

All the Halstead measures that are listed below are calculated using the above pa­
rameters. 

Program Length 

Program length is defined as N = N1logn1 + N2logn2 

Actual Halstead Length 

Generally, any symbol or keyword in a program that specifies an action to be taken 
by the computer is considered as an operator. Examples are arithmetic operations 
(+,-,*,/), and instructions such as READ, WHILE, GOTO, etc. Most punctuation marks 
in a program are also classified as operators. Other tokens, representing variables, 
constants, or other forms of data, are considered operands. For example, let us 
consider an assignment statement: 

a = b 
This expression contains one operator (=) and two operands (a and b) 
The length N of a program in number of token is therefore N = N1 + N2 

Program’s Vocabulary 

A program’s vocabulary is given as the sum of number of unique operators and 
operands. That is, 
Pr ogr amV ocabular y(n) = n1 + n2 
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Program Volume (V)
 

The volume of a program is related to the number of mental comparisons required 
to write a program of length N. This measure is given by: V = Nlog2n 

In the above expression, N = N1 + N2 and n = n1 + n2. 

Substituting these values in the expression for volume, we get V = (N1+N2)log2(n1+ 
n2) 

Program Level (L) 

Program Level L is defined as 
L = 2n2/n1N2 

Program Difficulty (D) 

Difficulty is the inverse of Program Level. 
D = 1/L 

Development Effort (E) 

Development Effort is defined as 
E = V /L 

Bug Predicted 

Bug predicted is defined as 
Bugs predicted = Volume/3000 

D.5 Krakatau Professional 

The following metrics and definitions come from [77]. Some minor corrections have 
been made. 

D.5.1 Project Metrics 

DPIT - Depth of Project class Inheritance Tree 

This metric measures the maximum depth of the class inheritance tree for the whole 
project. Large values for DPIT tend to indicate that leaf classes will be inheriting 
many methods and members from parent classes making their behaviour difficult to 
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predict. Of course, deep inheritance also indicates that classes are less specialised 
and so increases possibilities for reuse. 

NORC - Number Of Root Classes 

This measures the number of discrete class hierarchies present in the project. A 
large value for NORC will suggest that a large amount of effort for testing will be 
required (since test cases for each hierarchy will need to be developed). This metric 
must be interpreted carefully where (for example) all classes inherit from the ‘Ob­
ject’ class; technically there is only one class hierarchy but notionally and practically 
there could be more. 

LOC - Lines Of Code 

Lines Of Code is the traditional measure of size for a project. LOC includes source 
code lines, whitespace lines and comment lines and so is a more primitive measure 
than SLOC. 

SLOC - Source Lines Of Code 

SLOC measures the number of lines containing actual program source code. SLOC 
is LOC minus whitespace lines and comment lines. Because SLOC measures only 
source code lines, some consider it a better guide to actual project size than LOC. 

NFILES - Number of Files 

NFILES measures the number of files in a project. This metric is a primitive measure 
of project size. 

MHF - Method Hiding Factor 

MHF is a metric from the MOOD (Metrics for Object-Oriented Development) suite. 
MHF is calculated as a fraction. The numerator is the sum of the invisibilities of all 
methods defined in all classes. The invisibility of a method is the percentage of the 
total classes from which this method is not visible. The MHF denominator is the 
total number of methods defined in the project. 

AHF - Attribute Hiding Factor 

AHF is a metric from the MOOD (Metrics for Object-Oriented Development) suite. 
AHF is calculated as a fraction. The numerator is the sum of the invisibilities of all 
attributes defined in all classes. The invisibility of an attribute is the percentage of 
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the total classes from which this method is not visible. The AHF denominator is the 
total number of attributes defined in the project. 

MIF - Method Inheritance Factor 

MIF is a metric from the MOOD (Metrics for Object-Oriented Development) suite and 
is calculated as a fraction. The MIF denominator is the sum of inherited methods 
in all classes in the project. The MIF denominator is the total number of available 
methods (locally defined plus inherited) for all classes. 

AIF - Attribute Inheritance Factor 

AIF is a metric from the MOOD (Metrics for Object-Oriented Development) suite and 
is calculated as a fraction. The AIF numerator is the sum of inherited attributes 
in all classes in the project. The AIF denominator is the total number of available 
attributes (locally defined plus inherited) for all classes. 

POF - Polymorphism Factor 

POF is a metric from the MOOD (Metrics for Object-Oriented Development) suite and 
is calculated as a fraction. The POF numerator is the sum of overriding methods in 
all classes. This is the actual number of possible different polymorphic situations. 
Indeed, a given message sent to a class can be bound, statically or dynamically, to a 
named method implementation. The latter can have as many shapes (morphos) as 
the number of times this same method is overridden (in that class’s descendants). 
The POF denominator represents the maximum number of possible distinct poly­
morphic situations for that class as the sum for each class of the number of new 
methods multiplied by the number of descendants. This maximum would be the 
case where all new methods defined in each class would be overridden in all of their 
derived classes. 

COF - Coupling Factor 

COF is a metric from the MOOD (Metrics for Object-Oriented Development) suite 
and is calculated as a fraction. The COF denominator stands for the maximum pos­
sible number of couplings in a system with TC classes. The client-supplier relation 
(represented by Cc => Cs) means that Cc(client class) contains at least one non-
inheritance reference to a feature (method or attribute) of class Cs (supplier class). 
The COF numerator then represents the actual number of couplings not imputable 
to inheritance. 
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AVCALLS - Average number of calls 

The metric measures the average number of calls made by methods and functions 
in the call tree. 

AVPATHS - Average Paths 

The average number of paths in the call tree. As the value of this metric increases, 
the testing and debugging becomes more difficult. This measures the difficulty of 
testing. Applications with large values of component levels may contain a large 
number of untested paths that tend to be unexpectedly executed. This problem can 
plague client/server applications. 

COM_LOC - Comment Lines of Code 

This metric measures the total number of lines of code in the project which contain 
comments. 

COM_RAT - Comment Ratio 

This metric measures the ratio of comment lines of code (COM_LOC) to total lines 
of code including whitespace and comments (LOC). 

TCOM_RAT - True Comment Ratio 

This metric measures the ratio of comment lines of code (COM_LOC) to source lines 
of code (excluding whitespace and comments (SLOC). 

D.5.2 File Metrics 

LOC - Lines Of Code 

The number of lines of code in a file provides a primitive measure of effort taken to 
understand or maintain the contents of that file. 

SLOC - Source Lines Of Code 

This metric measures only the number of lines in a file containing source code. 
SLOC is LOC minus whitespace lines and comment lines. 
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NTC - Number of Top-level Classes
 

The number of top-level classes in a file should usually not exceed 1. If there is 
more than one top-level class, then this file may be considered particularly unusual 
or complex. 

NTM - Number of Top-level Methods 

Under normal circumstances, it is quite reasonable to have several top-level meth­
ods in a file. 

N1 - Total Number of Operators 

N1 is the total number of operators used in a file. This is used as an input to the 
Halstead Software Science metrics. 

N2 - Total Number of Operands 

N2 is the total number of operands used in a file. This is used as an input to the 
Halstead Software Science metrics. 

n1 - Number of Unique Operators 

n1 is the number of unique operators used in a file. This is used as an input to the 
Halstead Software Science metrics. 

n2 - Number of Unique Operands 

n2 is the number of unique operands used in a file. This is used as an input to the 
Halstead Software Science metrics. 

N - Halstead Program Length 

N is calculated as N1+N2 and is a general measure of program length for a given 
file. 

n - Halstead Program Vocabulary 

n is calculated as n1+n2 and is a measure of the number of unique operands and 
operators used in a particular file. This can provide an impression of comprehensi­
bility/complexity for that file. 
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V - Halstead Program Volume
 

V is the program volume metric from the Halstead Software Science metrics. This is 
calculated as V=N*(LOG2 n). 

D - Halstead Difficulty 

D is the difficulty metric from the Halstead Software Science metrics. This is calcu­
lated as D=(n1/n2)*(N2/n2). 

E - Halstead Effort 

E is the effort metric from the Halstead Software Science metrics. This is calculated 
as E=D*V. 

AVCALLS - Average Calls 

AVCALLS measures the average number of calls to subordinate logical units from 
methods and functions in a particular file. Therfore, this metric is a measure of 
FAN-OUT. 

C_COM - C style comments 

This metric measures the number of C style (/* ... */) comments used in a particular 
file. This can help to measure the extent of documentation for a file. 

CPP_COM - C++ style comments 

This metric measures the number of C++ style (// ...) comments used in a particular 
file. This can help to measure the extent of documentation for a file. 

COM_LOC - Comment Lines of Code 

COM_LOC measures the number of lines of code in a file which contain comments. 
Lines containing more than one comment are only counted once. Like C_COM and 
CPP_COM, COM_LOC is a measure of the extent of documentation in a source file. 

COM_RAT - Comment Ratio 

This metric measures the ratio of comment lines of code (COM_LOC)ăto total lines 
of code including whitespace and comments (LOC). 
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TCOM_RAT - True Comment Ratio
 

This metric measures the ratio of comment lines of code (COM_LOC) to source lines 
of code (excluding whitespace and comments (SLOC). 

D.5.3 Class Metrics 

CSA - Class Size in Attributes 

CSA measures class size by counting the number of attributes of a class (not includ­
ing inherited attributes). If a class has a high number of attributes, it may be wise 
to consider whether it would be appropriate to divide the class into subclasses. 

CSO - Class Size in Operations 

CSO measures class size by counting the number of operations (methods) in a class 
(not including inherited methods). If a class has a high number of methods, it 
may be wise to consider whether it would be appropriate to divide the class into 
subclasses. 

CSAO - Class Size in Attributes and Operations 

CSAO is the sum of CSA and CSO. Results should be interpreted as for the individual 
CSA and CSO metrics. 

PPPC - Percentage of Package, Public and Protected members in a Class 

Members which have package level protection are visible to other classes in the same 
package. Public members are available to classes in all packages and protected 
members are available to subclasses. Therefore, extensive use of such members 
violates the encapsulation principle. This metric allows us to see the proportion of 
’vulnerable’ members in a class. A large proportion of such members means that the 
class has high potential to be affected by external classes and means that increased 
effort will be needed to test such a class thoroughly. 

NOCC - Number Of Child Classes 

This metric counts the number of classes which inherit from a particular class (i.e. 
the number of classes in the inheritance tree down from a class). As this value 
increases, it is obvious that the particular class is being re-used well. However, it 
is also important to consider that where there are many child classes, are they all 
genuinely appropriate members of the parent class? In this case, the abstraction of 
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the class may be poor. It is also true that as NOCC increases, the amount of testing 
required for each child class will increase. 

DIT - Depth in Class Inheritance Tree 

This metric reports how deeply a class resides in the class inheritance tree. High 
values imply that a class is quite specialised. 

RFC - Response For a Class 

This metric measures the number of methods that can be invoked in response to a 
message to an object of a class. For larger values of RFC, it is obvious that required 
testing effort becomes greater as does the overall design complexity of the class. 

CBO - Coupling Between Object classes 

The value for CBO is the number of classes which a particular class refers to. This 
is a measure of how cohesive (and therefore reusable) a particular class is likely to 
be. References can be uses of classes as member types, parameter types, method 
local variable types or casts. 

LOCM - Lack Of Cohesion of Methods 

LOCM measures the percentage of methods that do not access a specific attribute 
averaged over all attributes in the class. A low percentage indicates high coupling 
between methods which indicates high testing effort (since many methods can affect 
the same attributes) and potentially low reusability. 

NOOC - Number of Operations Overridden by a Class 

NOOC measures the number of inherited operations which a class overrides. High 
values for NOOC tend to indicate design problems; subclasses ’should’ generally 
add to and extend the functionality of the parent classes rather than overriding 
them. 

NOAC - Number of Operations Added by a Class 

This metric measures the number of operations added by a class (inherited opera­
tions are not counted). As this value becomes larger for a class, the functionality of 
that class becomes increasingly distinct from that of the parent classes. In this case, 
it should be considered whether this class should genuinely be inheriting from the 
parent or if it could be broken down into several, smaller classes. 
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WMC - Weighted Methods per Class 

WMC is a count of the methods in a class (weighted according to complexity). The 
value of WMC can indicate whether this class is likely to be suitable for re-use. 

CSI - Class Specialisation Index 

CSI provides a measure of specialisation for a class. The higher value for CSI, the 
more likely that a particular class does not conform to the abstraction of it’s super­
classes. 

OSavg - Average Operation Size 

This metric provides a measure of the average size of the operations (methods) for 
a particular class. Any conventional functional metric can be used to determine 
operation ‘size’ but the standard cyclomatic complexity metric (and variations of 
this) will yield ‘realistic’ results. In OO development, it is desirable to have small, 
fine-grained methods, so highă values for OSavg are a warning that it may help 
improve code quality if some methods in the class were broken down. 

NPavgC - Average Number of Parameters for methods in a Class 

Methods with a high number of parameters generally require considerable testing 
(as their input can be highly varied). Also, large numbers of parameters lead to 
more complex, less maintainable code. This metric provides an average number of 
parameters for methods in a class (not including inherited methods). 

AC - Attribute Complexity 

Attribute Complexity is defined as the sum of R(i) where R(i) is the value of each 
attribute in the class evaluated from the table below. Summing R(i) for a class gives 
this metric value. AC is from the work of Chen & Lu. 

Type Value 

Boolean/Integer 1 
Char 1 
Real 2 

Array 3-4 
Pointer 5 

Record, Struct or Object 6-9 
File 10 
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OpCom - Operation Complexity
 

The definition for operation complexity is the sum of O(i) where O(i) is operation i’s 
complex value as McCabe complexity V(g). Summing the O(i) for each operation in 
the class gives this metric value. 

LOC - Lines Of Code comprising a Class 

LOC is a primitive metric to measure the size of a class. It is included for traditional 
reasons. 

D.5.4 Method Metrics 

NP - Number of Parameters 

NP is simply a measure of the number of parameters that a method accepts. High 
values for NP can mean that a method will require extensive testing (since the range 
of possible inputs may be greater). As a rule of thumb, methods with many param­
eters also tend to be more specialised and so are less likely to be reusable. 

V(G) - Cyclomatic Complexity 

Cyclomatic Complexity measures the number of possible paths through an algo­
rithm by counting the number of distinct regions on a flowgraph. This represents 
the cognitive complexity of the method. 

V’(G) - Enhanced Cyclomatic Complexity 

V’(G) brings together the notions of cyclomatic and operational complexity (by di­
viding OC by V(G)). This provides the average operational complexity for decision 
points in a method and is a strong indicator of the overall cognitive complexity of 
the method. 

eV(G) - Essential Complexity 

eV(G) is a measure of the structure of testable paths in a component. Values ex­
ceeding the threshold (7) usually signal an unstructured implementation of control 
logic. To calculate, we develop a directed graph to represent the control structure 
of the logical unit. This graph should contain only the four basic and simple struc­
tured constructs: sequence, selection, iteration and case. We only keep structures 
which contain occurences of unstructured constructs (break, continue, goto) and 
recalculate complexity on this graph. This measures the difficulty and feasibility of 
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the testing as the presence of unstructured constructs increases effort of testing as 
well as future code modifications. 

LOC - Method Lines Of Code 

LOC is a primitive metric to measure the size of a method. It is included for tradi­
tional reasons. 

OC - Operational Complexity 

This metric assigns weights to operations which can occur in expressions. The 
values of weights for all the expressions in a method are summed to provide a 
value for OC. This is complementary to V(G) since it looks at the complexity of the 
expressions which are being evaluated rather than the number of decision points in 
the method. 

RLOC - Relative Lines Of Code 

This metric measures the lines of code in a method relative to the containing class. 
This is a primitive means to measure the proportional significance of a method. 

NEST - Maximum Number of Levels 

Since the 1950’s, cognitive sciences studies have shown that groups that contain 
more than seven pieces of information are increasingly harder for people to under­
stand in problem solving. To measure this, we count the number of If...Then or 
If...Then...Elses in a nest. Logical units with a large number of nested levels may 
need implementation simplification and process improvement. 

N1 - Total Number of Operators 

N1 is the total number of operators used in a file. This is used as an input to the 
Halstead Software Science metrics. 

N2 - Total Number of Operands 

N2 is the total number of operands used in a file. This is used as an input to the 
Halstead Software Science metrics. 

n1 - Number of Unique Operators 

n1 is the number of unique operators used in a file. This is used as an input to the 
Halstead Software Science metrics. 
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n2 - Number of Unique Operands 

n2 is the number of unique operands used in a file. This is used as an input to the 
Halstead Software Science metrics. 

N - Halstead Program Length 

N is calculated as N1+N2 and is a general measure of program length for a given 
file. 

n - Halstead Program Vocabulary 

n is calculated as n1+n2 and is a measure of the number of unique operands and 
operators used in a particular file. This can provide an impression 
of comprehensibility/complexity for that file. 

V - Halstead Program Volume 

V is the program volume metric from the Halstead Software Science metrics. This is 
calculated as V=N*(LOG2 n). 

D - Halstead Difficulty 

D is the difficulty metric from the Halstead Software Science metrics. This is calcu­
lated as D=(n1/n2)*(N2/n2). 

E - Halstead Effort 

E is the effort metric from the Halstead Software Science metrics. This is calculated 
as E=D*V. 

CALLS - Number of Calls 

CALLS is the number of calls from a method/function to subordinate logical units 
(methods/functions). This is a measure of the degree of FAN-OUT. 

BRANCH - Number of Branching Nodes 

Higher values indicate possible use of “gotos” and/or abnormal exits from control 
structures such as loops. This problem is an indicator of unstructured design and 
increases the testing difficulty. For components written in C, a higher value may be 
permitted due to the legitimate use of C “breaks” in a “switch” statement. 
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OAC - Operation Argument Complexity 

OAC is defined as the sum of P(i) where P(i) is the value of each argument i in each 
operation in the class evaluated from the table below. 

Type Value 

Boolean/Integer 1 
Char 1 
Real 2 

Array 3-4 
Pointer 5 

Record, Struct or Object 6-9 
File 10 

ANION - Adjusted Number of Input/Output Nodes 

ANION is an adjusted measure of the number of input/output nodes in a given 
method/function. Programming practices today state that there should be one way 
into a module and one way out. This measures the difficulty of testing the control 
logic of the software. Logical units with a large number of input/output nodes may 
need implementation simplification and process improvement. ANION is adjusted 
to behave intelligently where redundant “return” statements exist. 

NION - Number of Input/Output Nodes 

NION is a measure of the number of input/output nodes in a given method/func­
tion. Programming practices today state that there should be one way into a module 
and one way out. This measures the difficulty of testing the control logic of the 
software. Logical units with a large number of input/output nodes may need imple­
mentation simplification and process improvement. ANION is adjusted to behave 
intelligently where redundant “return” statements exist. 

CONTROL - Number of control statements 

This is a measure of the number of control statements (selection, iteration) in a 
method/function. 

EXEC - Number of executable statement 

This is a measure of the number of executable statements in a method/function. 
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NSTAT - Number of statements 

NSTAT is a measure of the total number of statements in a method/function. This 
is calculated as CONTROL+EXEC. 

CDENS - Control Density 

This is a measure of the “richness” of decision nodes in a module. A high density 
module will be more difficult to maintain than a less dense one. We count the 
number of control statements and the number of complex executable statements. 
Control density is the ratio of control statements to the total number of statements. 

QCP_MAINT - Quality Criteria Profile (Maintainability) 

MAINTAINABILITY=3 * Halstead Length + Number of statements + Maximum levels 
+ 2 * Cyclomatic Number + Number of Branching Nodes 

QCP_CRCT - Quality Criteria Profile (Correctness) 

CORRECTNESS=Halstead Difficulty + Number of statements + 2 * Cyclomatic Num­
ber 
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Appendix E 

Metrics Tools 

This appendix presents a comparison of twelve metrics tools evaluated in conduct­
ing this research. Identifying, acquiring, and determining the metrics produced by 
each tool was a non-trivial task. The results of this search are presented here in 
hopes of aiding other researchers. 

Table E.1, Table E.2, and Table E.3 present the metrics produced by the twelve 
metrics tools. All metrics generated by any of these tools are listed. In the “Level” 
column, M indicates Method, C indicates Class, P indicates Project, K indicates Pack­
age, and F indicates File. 

Table E.4 assigns abbreviation names for each metric tool and identifies what 
languages each tool supports. 

Table E.5, Table E.6, and Table E.7 present the metrics produced by each of the 
twelve metrics tools. An ’x’ indicates that a tool generates that particular metric. 
The table identifies what metrics are generated by which tools and identifies overlap 
between tools. 
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Metric Metric Description Level 

TLOC Total Lines of Code M,C,P 
CA Afferent Coupling K 
RMD Normalized Distance K 
NOC Number of Classes K 
NOC Number of Classes P 
SIX Specialization Index C,K 
RMI Instability K 
NOF Number of Attributes C,File,K 
NOP Number of Packages P 
MLOC Method Lines of Code M 
WMC Weighted methods per Class C,File,K 
WMCv Weighted methods per Class (visible/public) 
NORM Number of Overridden Methods C,File,K 
NBD Nested Block Depth M,C,File,K 
PAR Number of Parameters M,C,File,K 
NRP Number of Return Points M,C,P 
IC Interface complexity (params + returns) M,C,P 
RMA Abstractness K 
NOI Number of Interfaces P 
CE Efferent Coupling K 
NOM Number of Modules (Files) P 
NPC Number of Public Classes P 
NFC Number of Final Classes P 
NAbC Number of Abstract Classes P 
NTC Number of Toplevel Classes P 
NTSC Number of Toplevel(Static Inner Class) P 
NIC Number of Inner Classes P 
NLoC Number of Local Classes P 
NAC Number of Anonymous Classes P 
REU Reuse ratio P 
SPC Specialization ratio P 
AID Average Inheritance Depth P 
CHD Class Hierarchy Depth P 
NNM Number of Native Methods P 
NMC Number of methods per class - Mean P 
NMCs Number of methods per class - Standard Deviation P 

Table E.1: Metrics Description 1
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Metric Metric Description Level 

MSAvg 
MSSd 
TL 
CL 
COM 
C_COM 
BL 
SL 
NCSS 
CD 
L_C 
DIT 
NII 
NCI 
NIV 
NSV 
NOV 
NIM 
NSM 
NNM 
NPM 
NNP 
NOM 
WMC 
RFC 
LCOM_CK 
LCOM_LH 
LCOM_HS 
NIC 
NIS 
NLC 
NAC 
NOC 
FI 
FO 
PFI 
PFO 
IFI 
IFO 
NOS 

Method size - Mean 
Method size - Standard Deviation 
Total Lines 
Comment Lines 
Comment Lines 
in-line comments 
Blank Lines 
Source Lines 
Source Lines 
CommentDensity 
lines of code per line of comment 
Depth of Inheritance Tree 
Number of Interfaces Implemented 
Number of classes implementing interface 
Number of Instance Variables 
Number of Static Variables 

Number of Instance Methods 
Number of Static Methods 
Number of Native Methods 
Number of Primitive Methods 
Number of NonPrimitive Methods 
Number of Methods 
Weighted Methods Complexity 
Response For Class 
Lack of Cohesion of Methods(Chidamber-Kemerer) 
LCOM (Li-Henry) 
LCOM (Henderson-Sellers) 
Number of Inner Classes 
Number of Inner Static Classes 
Number of Local Classes 
Number of Anonymous Classes 
Number of Children 
Fan-in 
Fan-out 
Intra-Package Fan-in 
Intra-Package Fan-out 
Inter-package Fan-in 
Inter-package Fan-out 
Number of Statements 

P 
P 
File 
File 
C,P 
File,P 
File 
File 
M,C,K 
File 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
M 

Table E.2: Metrics Description 2
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Metric Metric Description Level 

NOE 
V(G) 
FC 
MVG 
PL 
AHL 
VOC 
VOL 
LVL 
PD 
EFF 
BUG 
MI 
Javadocs 
M_C 
IF4 
IF4v 
IF4c 
CBO 
NOTe 
CYC 
DIP 
DCYC 
EP 
LSP 
AVPATHS 
NSC 
ANION 
BRANCH 
CDENS 
CONTROL 
RLOC 
eVG 
V’G 
AHF 
AIF 
MHF 
MIF 
POC 
NEST 

Number of Exceptions thrown 
Cyclomatic Number 
functional complexity (interface + cyclomatic) 
McCabe’s Cyclomatic Complexity 
Halstead Program Length 
Actual Halstead Length 
Halstead Program’s Vocabulary 
Halstead Program Volume 
Halstead Program Level 
Halstead Program Difficulty 
Halstead Development Effort 
Halstead Bug Predicted 
Halstead Maintainability Index 
lines of Java docs 
Cyclomatic Complexity per comment 
Information Flow 
Information Flow (visible) 
Information Flow (concrete) 
coupling between objects 
Number of exported types 
Cyclic Dependencies 
Dependency Inversion Principle 
Direct Cyclic Dependency 
Encapsulation Principle 
Limited Size Principle 
average depth of paths 
number of semicolons 
adjusted number of I/O nodes 
number of abnormal exits 
control density 
number of control statements 
relative size of code 
essential complexity 
extended complexity 
attribute hiding factor 
attribute inheritance factor 
method hiding factor 
method inheritance factor 
polymorphism factor 
nests of like constructs 

M 
M 
M 
M,C,P 
M 
M 
M 
M 
M 
M 
M 
M 

C,P 
C,P 
C,P 
C,P 
C 
K 
K 
C 
K 
K 
K 
P 
P 
M 
M 
M 
M 
M 
M 
M 
P 
P 
P 
P 
P 

Table E.3: Metrics Descriptions 3
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Tool Abbreviation Language Supported 

CMT++ 
Essential Metrics 
depend.sh (ObjectMentor) 
CCCC 
RSM 
Eclipse Metrics 
Jstyle 5.0 
JavaNCSS 
Jdepend 
RefactorIT 
CMJava 
Essential Metrics 

CM 
EM 
DP 
CC 
RS 
EC 
JS 
JN 
JD 
RI 
CM 
EJ 

C++ 
C++ 
C++ 
C,C++,Java 
C,C++,C#,Java 
Java 
Java 
Java 
Java 
Java 
Java 
Java 

Table E.4: Metrics Tool Language Support
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Metric CM EM DP CC RS EC JS JN JD RI CM EJ 

TLOC x x LOC x x x x x 
CA x x x x 
RMD x x x x 
NOC x x x x x x 
NOC NOM x 
SIX x x 
RMI x x x x 
NOF x 
NOP x x 
MLOC x 
WMC x WMC1 x x x 
WMCv x 
NORM x 
NBD x 
PAR x x x x x 
NRP x 
IC x 
RMA x x x x 
NOI x x 
CE x x x x 
NOM x x x 
NPC x 
NFC x 
NAbC x x x 
NTC x x x x x 
NTSC x 
NIC x 
NLoC x 
NAC x 
REU x 
SPC x 
AID x 
CHD x x x 
NNM x x 
NMC x 
NMCs x 

Table E.5: Metrics Tool Comparison 1
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Metric CM EM DP CC RS EC JS JN JD RI CM EJ 

MSAvg x 
MSSd x 
TL x 
CL x 
COM x x x CLOC x 
C_COM x x 
BL x x 
SL x 
NCSS x x LOC x x x x x 
CD x x x x 
L_C x 
DIT x x x x x 
NII x 
NCI x 
NIV x 
NSV NSF x 
NOV x 
NIM x 
NSM x x 
NNM x 
NPM x 
NNP x 
NOM x x x Functions x 
WMC x x 
RFC x x x x 
LCOM_CK x 
LCOM_LH x 
LCOM_HS x LCOM x 
NIC x Classes 
NIS x 
NLC x 
NAC x 
NOC x NSC x x 
FI x x 
FO x x 
PFI x 
PFO x 
IFI x 
IFO x 
NOS x 

Table E.6: Metrics Tool Comparison 2
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Metric CM EM DP CC RS EC JS JN JD RI CM EJ 

NOE x 
V(G) x x x x x CCN x x x 
FC x 
MVG x 
PL x x x 
AHL x 
VOC x x x 
VOL x x x x x 
LVL x x x 
PD x x x 
EFF x x x 
BUG x x x 
MI x x x x 
Javadocs x 
M_C x 
IF4 x 
IF4v x 
IF4c x 
CBO x x 
NOTe x 
CYC x 
DIP x 
DCYC x 
EP x 
LSP x 
AVPATHS x x 
NSC x x 
ANION x x 
BRANCH x x 
CDENS x x 
CONTROL x x 
RLOC x x 
eVG x x 
V’G x x 
AHF x x 
AIF x x 
MHF x x 
MIF x x 
POC x x 
NEST x x 

Table E.7: Metrics Tool Comparison 3
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Appendix F 

Surveys 

This appendix presents the survey instruments used in this research. 

F.1 Academic Pre-Experiment Survey 

Survey on Programming Attitudes EECS 268 Programming II 

This survey is designed to evaluate your programming experience and your per­
ceptions and use of testing and design practices. 

What is your KU ID? __________________ 

Previous College Computer Science Courses (programming based) 
How many college computer science courses have you taken at KU or elsewhere that 
contained a substantial computer programming component? 

0
 
1
 
2
 
3
 
4 or more
 

Previous Other Computer Science Courses (programming based) 
How many non-college computer science courses have you taken that contained a 
substantial computer programming component? 

none
 
1 semester in high school
 
2 semesters in high school
 
3 or more semesters in high school
 
1 semester or more elsewhere (short course or vocational school)
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Previous Computer Programming Experience 
Please rate your level of competence with the following programming languages?
 
Circle one number for each language/group of languages. Use the following scale:
 

1. Never programmed in this language. 

2. Minimal experience. Maybe compiled a test program. 

3. Some experience. Wrote one or two small programs. 

4. Substantial experience. Wrote several small to medium-sized programs. 

5. Extensive experience. Wrote many programs. 

C++ 1 2 3 4 5 
Java 1 2 3 4 5 
Visual Basic 1 2 3 4 5 
Python, Perl or other scripting based languages 1 2 3 4 5 
JavaScript, html, ASP or other web based languages 1 2 3 4 5 
Other, please specify ________________ 1 2 3 4 5 

Time Since Last Programming 
When did you last write a computer program in the following language? Circle one 
number for each language/group of languages. Use the following scale: 

1. Never programmed in this language before. 

2. Within last three months. 

3. Four to twelve months ago. 

4. One to three years ago. 

5. More than three years ago. 

C++ 1 2 3 4 5 
Java 1 2 3 4 5 
Visual Basic 1 2 3 4 5 
Python, Perl or other scripting based languages 1 2 3 4 5 
JavaScript, html, ASP or other web based languages 1 2 3 4 5 
Other, please specify ________________ 1 2 3 4 5 

Attitude Towards Testing 
How important is it to test computer programs that you have written? 
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not important, I never make mistakes 
not important, my projects are only for a grade in the class 
somewhat important, so I do a little bit of testing 
important; I try to test my programs if I still have time before the deadline 
very important; a project is not done until it is thoroughly tested 

Test Timing 
When do you write tests for your programs? 

never 
after I think the entire program is complete 
after I think an important portion of the program is complete (such as a class) 
after I think a small portion of the program is complete (such as a single func­
tion) 
before I have written any code 
before I have written a new important portion of the program (such as a class), 
but after I have tested other code that is finished 
before I have written a new small portion of the program (such as a single func­
tion), but after I have tested other code that is finished 

Automated Testing Use 
Do you ever write automated tests for your programs? 

yes, all the time
 
yes, but only some of the time
 
yes, I tried it once
 
no, if I test, it is by hand (run program and look at output)
 

Automated Testing Frameworks 
Have you ever used an automated testing framework like JUnit or CppUnit? 

yes, I use an automated testing framework often
 
yes, I have used an automated testing framework before
 
no, I have never used an automated testing framework
 

Attitude Toward Design 
How important is it to design computer programs before they are written? 

not important, I just start programming and don’t think about the design 
not important, I develop the design as I write the code 
somewhat important, so I do a little bit of design before I start writing code 
important; I try to design most of my programs before I start writing code 
very important; I never start programming until I have a thorough design com­
plete 
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Design Techniques 
How do you design your programs? 

I don’t design, I just write code 
I use visual models like the UML or flowcharts 
I sketch the design in the code with class declarations before writing any func­
tion definitions 
I write out the design in natural language 
I use a combination of visual models and natural language 
I let the design evolve as I write the code; I document the design with visual 
models and/or natural language 
I let the design evolve as I write the code; the code is the design documentation 

Attitude Towards Test-First Programming 
Test-first programming is the practice by which an automated test case is written
 
before the code is implemented. The implemented code is written to pass the test
 
case. The design of the system emerges as the programmer repeatedly writes tests,
 
then writes the code to make the test pass, then improves both the code and tests
 
in short rapid iterations.
 
What is your opinion of test-first programming?
 

I don’t think it would ever work 
I think it might be a good approach on small projects 
I think it might be a good approach on projects where programmers have a lot 
of programming experience 
I think it might be a good approach on projects where programmers understand 
the domain well 
I think it might be a good approach on any project 

Attitude Towards Test-Last Programming 
Test-last programming is the practice by which a test case is written after the code
 
is implemented. The design of the system is usually developed at least partially
 
before any code is written.
 
What is your opinion of test-last programming?
 

I don’t think it would ever work 
I think it might be a good approach on small projects 
I think it might be a good approach on projects where programmers have a lot 
of programming experience 
I think it might be a good approach on projects where programmers understand 
the domain well 
I think it might be a good approach on any project 

Choosing Between Test-First and Test-Last Programming 
If you had a choice of writing code with a test-first or test-last approach, which 
would you choose? 
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test-first 
test-last 

Why? 

Age 
How old are you today? 

18 to 22 years
 
23 to 26 years
 
27 to 35 years
 
over 35 years
 

Gender 
What is your gender? 

Male 
Female 

Race 
Which category best fits your race? 

White
 
African or African American
 
Asian
 
Hispanic
 
Other
 

Classification 
How does the university currently classify you? 

Freshman
 
Sophomore
 
Junior
 
Senior
 
Graduate
 
Other
 

Major 
What is your major? 

Computer Science
 
Computer Engineering
 
Electrical Engineering
 
Other: please specify
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Overall GPA 
What is your overall GPA? 

3.5 – 4.0 
3.0 – 3.5 
2.5 – 3.0 
2.0 – 2.5 
1.5 – 2.0 
1.0 – 1.5
 
below 1.0
 

Major GPA 
What is your GPA in your major? 

3.5 – 4.0 
3.0 – 3.5 
2.5 – 3.0 
2.0 – 2.5 
1.5 – 2.0 
1.0 – 1.5
 
below 1.0
 

Additional Comments 
Is there anything else related to this study that you would like to comment on that 
we have missed or that you would like to add? 

F.2 Academic Post-Experiment Survey 

Survey on Programming Attitudes EECS 268 Programming 2 
This survey is designed to evaluate your programming experience and your percep­
tions and use of testing and design practices. 

KUID 

What is your KU ID? ______________________ 

Approach Used 
What approach did you use on the projects completed in class so far? 

Test-First Test-Last Neither 

Project 1 (array-based DriverTable) ________ ________ ______ 
Project 2 (linked-list DriverTable) ________ ________ ______ 
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Project 3 (grammar) ________ ________ ______ 

Confidence of Software Quality 
I am confident that the code I wrote for Project 1 and 2 is correct. 

strongly agree
 
agree
 
somewhat agree
 
neither agree or disagree
 
somewhat disagree
 
disagree
 

Confidence of Software Changes 
I am confident that I could make changes to the code I wrote for Project 1 and 2 
without breaking things. 

strongly agree
 
agree
 
somewhat agree
 
neither agree or disagree
 
somewhat disagree
 
disagree
 

Confidence of Software Reuse 
I am confident that I could reuse the code I wrote for Project 1 and 2 in another 
future project. 

strongly agree
 
agree
 
somewhat agree
 
neither agree or disagree
 
somewhat disagree
 
disagree
 

Attitude Towards Testing 
How important is it to test computer programs that you have written? 

not important, I never make mistakes 
not important, my projects are only for a grade in the class 
somewhat important, so I do a little bit of testing 
important; I try to test my programs if I still have time before the deadline 
very important; a project is not done until it is thoroughly tested 

Test Timing 
When do you think is the best time to write tests for your programs? 
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never 
after I think the entire program is complete 
after I think an important portion of the program is complete (such as a class) 
after I think a small portion of the program is complete (such as a single func­
tion) 
before I have written any code 
before I have written a new important portion of the program (such as a class), 
but after I have tested other code that is finished 
before I have written a new small portion of the program (such as a single func­
tion), but after I have tested other code that is finished 

Automated Testing Use 
Did you write automated tests for the programs in Project 1 and 2? 

yes, all the time 
yes, but only some of the time 
yes, I tried it once 
no, all my testing was done by hand (run program and look at output or use 
debugger) 

Automated Testing Frameworks 
I think it is a good idea to write automated unit tests with assert() statements. 

strongly agree
 
agree
 
somewhat agree
 
neither agree or disagree
 
somewhat disagree
 
disagree
 

Attitude Toward Design 
How important is it to design computer programs before they are written? 

not important, it works fine to just start programming and not think about the 
design 
not important, it works fine to develop the design as the code is written 
somewhat important, it is a good idea to do a little bit of design before writing 
code 
important; it is good to design most of a program before writing code 
very important; never start programming until a thorough design is complete 

Design Techniques 
What do you think is the best approach to design a program? 

Don’t design, just write code 
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Use visual models like the UML or flowcharts 
Sketch the design in code with class declarations before writing function defini­
tions 
Write out the design in natural language 
Use a combination of visual models and natural language 
Let the design evolve as the code is written; document the design with visual 
models and/or natural language 
Let the design evolve as the code is written; the code is the design documenta­
tion 

Attitude Towards Test-First Programming 
Test-first programming is the practice by which an automated test case is written
 
before the code is implemented. The implemented code is written to pass the test
 
case. The design of the system emerges as the programmer repeatedly writes tests,
 
then writes the code to make the test pass, then improves both the code and tests
 
in short rapid iterations.
 
What is your opinion of test-first programming?
 

I don’t think it would ever work 
I think it might be a good approach on small projects 
I think it might be a good approach on projects where programmers have a lot 
of programming experience 
I think it might be a good approach on projects where programmers understand 
the domain well 
I think it might be a good approach on any project 

Attitude Towards Test-Last Programming 
Test-last programming is the practice by which a test case is written after the code
 
is implemented. The design of the system is usually developed at least partially
 
before any code is written.
 
What is your opinion of test-last programming?
 

I don’t think it would ever work 
I think it might be a good approach on small projects 
I think it might be a good approach on projects where programmers have a lot 
of programming experience 
I think it might be a good approach on projects where programmers understand 
the domain well 
I think it might be a good approach on any project 

Perception of Test-First and Test-Last Programming 
Regardless of the approach you used, which approach do you think produces code 
with fewer defects, test-first or test-last? 

test-first 
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test-last
 

Perception of Test-First and Test-Last Programming 
Regardless of the approach you used, which approach do you think produces code 
that is simpler, more reusable, and more maintainable, test-first or test-last? 

test-first
 
test-last
 

Perception of Test-First and Test-Last Programming 
Regardless of the approach you used, which approach do you think produces a 
correct solution in less time, test-first or test-last? 

test-first
 
test-last
 

Perception of Test-First and Test-Last Programming 
Regardless of the approach you used, do you think you are more likely to thoroughly 
test a program with the test-first or the test-last approach? 

test-first
 
test-last
 

Perception of Test-First and Test-Last Programming 
Regardless of the approach you used, for the course project you just completed, 
which do you think was the best approach, test-first or test-last? 

test-first
 
test-last
 

Why? 

Choosing Between Test-First and Test-Last Programming 
If you had a choice of writing code with a test-first or test-last approach, which 
would you choose? 

test-first
 
test-last
 

Why? 

Additional Comments 
Is there anything else related to this study that you would like to comment on that 
we have missed or that you would like to add? 
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F.3 Industry Pre-Experiment Survey 

Survey on Programming Attitudes 
This survey is designed to evaluate your programming experience and your percep­
tions and use of testing and design practices. 

College Education 
Check the most appropriate description of your college experience. 

Never attended college 
Attended some college, no computer-related courses 
Attended some college, some computer-related courses 
Completed BA/BS, non-computing major/minor 
Completed BA/BS, computing-related major/minor 
Completed BA/BS and some graduate work, non-computing major/minor 
Completed BA/BS and some graduate work, computing-related major/minor 
Completed graduate degree (MS/PhD), non-computing major/minor 
Completed graduate degree (MS/PhD), computing-related major/minor 

Work Experience 
How many years have you worked in a computing-related job? 

<1
 
1-5
 
6-10
 
11-20
 
>20
 

Employee ID 
What is your Employee ID? ______________________ 

Age 
How old are you today? 

< 25 years
 
26 to 35 years
 
over 35 years
 

Gender 
What is your gender? 

Male
 
Female
 

Race 
Which category best fits your race? 
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White 
African or African American 
Asian 
Hispanic 
Other 

Computer Programming Experience 
How many years have you worked in a job that had a significant computer program­
ming component? 

<1 
1-5 
6-10 
11-20 
>20 

Previous Computer Programming Experience 
Please rate your level of competence with programming languages prior to this class. 
Circle one number for each language/group of languages. Use the following scale: 

1. Never programmed in this language. 

2. Minimal experience. Maybe compiled a test program. 

3. Some experience. Wrote one or two small programs. 

4. Substantial experience. Wrote several small to medium-sized programs. 

5. Extensive experience. Wrote many programs. 

C++ 1 2 3 4 5 
Java 1 2 3 4 5 
Visual Basic 1 2 3 4 5 
Python, Perl or other scripting based languages 1 2 3 4 5 
JavaScript, html, ASP or other web based languages 1 2 3 4 5 
Assembly 1 2 3 4 5 
Other, please specify 1 2 3 4 5 

Time Since Last Programming 
When did you last write a computer program in the following languages prior to this 
class? Circle one number for each language/group of languages. Use the following 
scale: 

1. Never programmed in this language before. 
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2. Within last three months. 

3. Four to twelve months ago. 

4. One to three years ago. 

5. More than three years ago. 

C++ 1 2 3 4 5 
Java 1 2 3 4 5 
Visual Basic 1 2 3 4 5 
Python, Perl or other scripting based languages 1 2 3 4 5 
JavaScript, html, ASP or other web based languages 1 2 3 4 5 
Assembly 1 2 3 4 5 
Other, please specify 1 2 3 4 5 

Testing Knowledge 
Do you know the difference between unit testing and integration testing? 

yes 
no, but I’ve heard those terms 
no, I have no idea what you are talking about 

Attitude Towards Testing 
How important is it to unit test computer programs that you have written? 

not important, I never make mistakes 
not important, my projects are not for production or someone else will test it 
somewhat important, so I do a little bit of unit testing 
important; I try to unit test my programs if I still have time before the deadline 
very important; my part is not done until it is thoroughly unit tested 

Test Timing 
When do you write unit tests for your programs? 

never 
after I think the entire program is complete 
after I think an important portion of the program is complete (such as a class) 
after I think a small portion of the program is complete (such as a single func­
tion) 
before I have written any code 
before I have written a new important portion of the program (such as a class), 
but after I have tested other code that is finished 
before I have written a new small portion of the program (such as a single func­
tion), but after I have tested other code that is finished 
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Automated Testing Use 
Do you ever write automated unit tests for your programs? 

yes, all the time
 
yes, but only some of the time
 
yes, I tried it once
 
no, if I test, it is by hand (run program and look at output)
 

Automated Testing Frameworks 
Have you ever used an automated testing framework like JUnit or CppUnit? 

yes, I use an automated testing framework often
 
yes, I have used an automated testing framework before
 
no, I have never used an automated testing framework
 

Attitude Toward Design 
How important is it to design computer programs before they are written? 

not important, I just start programming and don’t think about the design 
not important, I develop the design as I write the code 
somewhat important, so I do a little bit of design before I start writing code 
important; I like most of the design complete before I start writing code 
very important; I never start programming until I have a thorough design com­
plete 

Design Techniques 
How do you design your programs? 

I don’t design, I just write code 
I use visual models like the UML or flowcharts 
I sketch the design in code with class declarations before writing function defi­
nitions 
I write out the design in natural language 
I use a combination of visual models and natural language 
I let the design evolve as I write the code; I document the design with visual 
models and/or natural language 
I let the design evolve as I write the code; the code is the design documentation 

Attitude Towards Test-First Programming 
Test-first programming is the practice by which an automated test case is written
 
before the code is implemented. The implemented code is written to pass the test
 
case. The design of the system emerges as the programmer repeatedly writes tests,
 
then writes the code to make the test pass, then improves both the code and tests
 
in short rapid iterations.
 
What is your opinion of test-first programming?
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I don’t think it would ever work 
I think it might be a good approach on small projects 
I think it might be a good approach on projects where programmers have a lot 
of programming experience 
I think it might be a good approach on projects where programmers understand 
the domain well 
I think it might be a good approach on any project 

Attitude Towards Test-Last Programming 
Test-last programming is the practice by which a test case is written after the code
 
is implemented. The design of the system is usually developed at least partially
 
before any code is written.
 
What is your opinion of test-last programming?
 

I don’t think it would ever work 
I think it might be a good approach on small projects 
I think it might be a good approach on projects where programmers have a lot 
of programming experience 
I think it might be a good approach on projects where programmers understand 
the domain well 
I think it might be a good approach on any project 

Choosing Between Test-First and Test-Last Programming 
If you had a choice to writing code with a test-first or test-last approach, which 
would you choose? 

test-first
 
test-last
 

Why? 

F.4 Industry Post-Experiment Survey 

Survey on Programming Attitudes 
This survey is designed to evaluate your programming experience and your percep­
tions and use of testing and design practices. 

Employee ID 
What is your Employee ID? ______________________ 

Confidence of Software Quality 
I am confident that the code I wrote for the course exercise is correct. 

strongly agree 
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agree
 
somewhat agree
 
neither agree or disagree
 
somewhat disagree
 
disagree
 

Confidence of Software Changes 
I am confident that I could make changes to the code I wrote for the course exercise 
without breaking things. 

strongly agree
 
agree
 
somewhat agree
 
neither agree or disagree
 
somewhat disagree
 
disagree
 

Confidence of Software Reuse 
I am confident that I could reuse the code I wrote for the course exercise in a future 
project. 

strongly agree
 
agree
 
somewhat agree
 
neither agree or disagree
 
somewhat disagree
 
disagree
 

Attitude Towards Testing 
How important is it to unit test computer programs that you have written? 

not important, I never make mistakes 
not important, my projects are not for production or someone else will test it 
somewhat important, so I do a little bit of unit testing 
important; I try to unit test my programs if I still have time before the deadline 
very important; my part is not done until it is thoroughly unit tested 

Test Timing 
When do you think is the best time to write tests for your programs? 

never 
after I think the entire program is complete 
after I think an important portion of the program is complete (such as a class) 
after I think a small portion of the program is complete (such as a single func­
tion) 
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before I have written any code 
before I have written a new important portion of the program (such as a class), 
but after I have tested other code that is finished 
before I have written a new small portion of the program (such as a single func­
tion), but after I have tested other code that is finished 

Automated Testing Use 
Did you write automated tests for the program in the course exercise? 

yes, all the time 
yes, but only some of the time 
yes, I tried it once 
no, all my testing was done by hand (run program and look at output or use 
debugger) 

Automated Testing Frameworks 
I think it is a good idea to write automated tests. 

strongly agree
 
agree
 
somewhat agree
 
neither agree or disagree
 
somewhat disagree
 
disagree
 

Attitude Toward Design 
How important is it to design computer programs before they are written? 

not important, it works fine to just start programming and not think about the 
design 
not important, it works fine to develop the design as the code is written 
somewhat important, it is a good idea to do a little bit of design before writing 
code 
important; it is good to design most of a program before writing code 
very important; never start programming until a thorough design is complete 

Design Techniques 
What do you think is the best approach to design a program? 

Don’t design, just write code 
Use visual models like the UML or flowcharts 
Sketch the design in code with class declarations before writing function defini­
tions 
Write out the design in natural language 
Use a combination of visual models and natural language 
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Let the design evolve as the code is written; document the design with visual 
models and/or natural language 
Let the design evolve as the code is written; the code is the design documenta­
tion 

Coding Effort 
How many minutes do you estimate you spent writing the code for the course exer­
cise? 

(in minutes) 

Code Completeness 
What percent of the course project requirements do you think you implemented? 

% (0-100%) 

Attitude Towards Test-First Programming 
Test-first programming is the practice by which an automated test case is written
 
before the code is implemented. The implemented code is written to pass the test
 
case. The design of the system emerges as the programmer repeatedly writes tests,
 
then writes the code to make the test pass, then improves both the code and tests
 
in short rapid iterations.
 
What is your opinion of test-first programming?
 

I don’t think it would ever work 
I think it might be a good approach on small projects 
I think it might be a good approach on projects where programmers have a lot 
of programming experience 
I think it might be a good approach on projects where programmers understand 
the domain well 
I think it might be a good approach on any project 

Attitude Towards Test-Last Programming 
Test-last programming is the practice by which a test case is written after the code
 
is implemented. The design of the system is usually developed at least partially
 
before any code is written.
 
What is your opinion of test-last programming?
 

I don’t think it would ever work 
I think it might be a good approach on small projects 
I think it might be a good approach on projects where programmers have a lot 
of programming experience 
I think it might be a good approach on projects where programmers understand 
the domain well 
I think it might be a good approach on any project 
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Perception of Test-First and Test-Last Programming 
Regardless of the approach you used, which approach do you think produces code 
with fewer defects, test-first or test-last? 

test-first
 
test-last
 

Perception of Test-First and Test-Last Programming 
Regardless of the approach you used, which approach do you think produces code 
that is simpler, more reusable, and more maintainable, test-first or test-last? 

test-first
 
test-last
 

Perception of Test-First and Test-Last Programming 
Regardless of the approach you used, which approach do you think produces a 
correct solution in less time, test-first or test-last? 

test-first
 
test-last
 

Perception of Test-First and Test-Last Programming 
Regardless of the approach you used, do you think you are more likely to thoroughly 
test a program with the test-first or the test-last approach? 

test-first
 
test-last
 

Perception of Test-First and Test-Last Programming 
Regardless of the approach you used, for the course exercise you just completed, 
which do you think was the best approach, test-first or test-last? 

test-first
 
test-last
 

Why? 

Choosing Between Test-First and Test-Last Programming 
If you had a choice of writing code with a test-first or test-last approach, which 
would you choose? 

test-first
 
test-last
 

Why? 

Additional Comments 
Is there anything else related to this study that you would like to comment on that 
we have missed or that you would like to add? 
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F.5 Industry Design Quality Review Scorecard 

Quality Review Thank you for agreeing to review projects for this study! Your input 
is very valuable. This scorecard is designed to evaluate the quality of one software 
project. Please read the project description here. Note the CVS name for checking 
the source code out in order to complete the review. If you are unsure how to do 
this, please contact David Janzen at david@simexusa.com or 316-288-0469. Once 
you have checked out the project source code, spend no more than one to two hours 
reading through the code. Do not contact the authors as one objective of this exer­
cise is to measure the understandability of the code. Then complete the following 
survey. Thank you again for your time. 

Employee ID 
What is your employee ID? __________________ 

Software Development Experience 
How many years have you been developing software professionally? 

less than 1
 
1 to 2
 
3 to 5
 
6 to 10
 
11 to 20
 
20 or more
 
No answer
 

Highest Degree 
Select the most appropriate description of your college experience. 

Never attended college 
Attended some college, no computer-related courses 
Attended some college, some computer-related courses 
Completed BA/BS, non-computing major/minor 
Completed BA/BS, computing-related major/minor 
Completed BA/BS and some graduate work, non-computing major/minor 
Completed BA/BS and some graduate work, computing-related major/minor 
Completed graduate degree (MS/PhD), non-computing major/minor 
Completed graduate degree (MS/PhD), computing-related major/minor 
No answer 

Project Reviewed 
What project are you reviewing? 
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Understandability 
Overall, how would you rate the software you reviewed in terms of understandabil­
ity? 
Understandability refers to the ability of a typical developer in your organization to 
read and understand the design and code of the system without significant assis­
tance. Design/code simplicity and architectural clarity/consistency are contributing 
factors to good understandability. 

1 - Very difficult to understand
 
2
 
3 - Average understandability
 
4
 
5 - Very easy to understand
 
No answer
 

Maintainability 
Overall, how would you rate the software you reviewed in terms of maintainability? 
Maintainability refers to the ability of a typical developer in your organization to 
maintain the design and code of the system without significant assistance. Low 
coupling, high cohesion, and simplicity are contributing factors to good maintain­
ability. 

1 - Very difficult to maintain 
2 
3 - Average maintainability 
4 
5 - Very easy to maintain 
No answer 

Reusability 
Overall, how would you rate the software you reviewed in terms of reusability and 
extensibility? 
Reusability refers to the ability of a typical developer in your organization to reuse 
and/or extend the design and code of the system without significant assistance. Low 
coupling, high cohesion, simplicity and the use of mechanisms such as interfaces 
and certain design patterns such as factory and template method are contributing 
factors to good maintainability. 

1 - Very difficult to reuse/extend 
2 
3 - Average reuseability/extensibility 
4 
5 - Very easy to reuse/extend 
No answer 
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Testability 
Overall, how would you rate the software you reviewed in terms of testability? 
Testability refers to the ability of a typical developer in your organization to test 
the system without significant assistance. Low coupling, high cohesion, simplicity 
and the use of certain design patterns are contributing factors to good testability. 

1 - Very difficult to test
 
2
 
3 - Average testability
 
4
 
5 - Very easy to test
 
No answer
 

Overall Design Quality 
Overall, how would you rate the software you reviewed in terms of overall design 
quality? 

1 - Very low design quality
 
2
 
3 - Average design quality
 
4
 
5 - Very high design quality
 
No answer
 

Feel free to make any additional comments here. 

F.6 Academic Longitudinal Survey 

Survey on Programming Attitudes - EECS Follow-Up Survey 
This survey is designed to evaluate your programming experience and your percep­
tions and use of testing and design practices during the current semester (not last 
semester when you were in 268). 

KUID 
What is your KU ID? __________________ 

Programming-Based Courses 
How many courses are you enrolled in this semester that require programming 
projects? 

0
 
1
 
2
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3 
4 
5 or more 
No answer 

Programs Written 
How many programs have you written this semester (for classes or otherwise)? 

0 
1 
2 
3 
4 
5 or more 
No answer 

Option to Write Automated Tests 
Of the programs in the previous question, on how many programs could you have 
chosen to write automated unit tests (such as with JUnit, assert(), ...)? 

0 
1 
2 
3 
4 
5 or more 
No answer 

Write Automated Tests 
Of the programs in the previous question, on how many programs did you choose 
to write automated unit tests (such as with JUnit, assert(), ...)? 

0 
1 
2 
3 
4 
5 or more 
No answer 

Test-Last Approach 
Of the programs in the previous question, on how many programs did you choose 
to use a test-last approach? 

0 
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1 
2 
3 
4 
5 or more 
No answer 

Test-First Approach 
Of the programs in the previous question, on how many programs did you choose 
to use a test-first approach? 

0 
1 
2 
3 
4 
5 or more 
No answer 

Automated Testing Use 
To what degree did you write automated tests for your programs this semester? 

all the time 
only some of the time 
I tried it once 
none, all my testing was done by hand (run program and look at output or use 
debugger) 
No answer 

Confidence of Software Quality 
I am confident that the code I wrote this semester is correct. 

strongly agree 
agree 
somewhat agree 
neither agree or disagree 
somewhat disagree 
disagree 
No answer 

Confidence of Software Changes 
I am confident that I could make changes to the code I wrote this semester without 
breaking things. 

strongly agree 
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agree
 
somewhat agree
 
neither agree or disagree
 
somewhat disagree
 
disagree
 
No answer
 

Confidence of Software Reuse 
I am confident that I could reuse the code I wrote this semester in another future 
project. 

strongly agree
 
agree
 
somewhat agree
 
neither agree or disagree
 
somewhat disagree
 
disagree
 
No answer
 

Attitude Towards Testing 
How important is it to test computer programs that you have written? 

not important, I never make mistakes 
not important, my projects are only for a grade in the class 
somewhat important, so I do a little bit of testing 
important; I try to test my programs if I still have time before the deadline 
very important; a project is not done until it is thoroughly tested 
No answer 

Test Timing 
When do you think is the best time to write tests for your programs? 

never 
after I think the entire program is complete 
after I think an important portion of the program is complete (such as a class) 
after I think a small portion of the program is complete (such as a single func­
tion) 
before I have written any code 
before I have written a new important portion of the program (such as a class), 
but after I have tested other code that is finished 
before I have written a new small portion of the program (such as a single func­
tion), but after I have tested other code that is finished 
No answer 

Automated Testing Frameworks 
I think it is a good idea to use automated testing frameworks like JUnit. 
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strongly agree
 
agree
 
somewhat agree
 
neither agree or disagree
 
somewhat disagree
 
disagree
 
No answer
 

Attitude Toward Design 
How important is it to design computer programs before they are written? 

not important, it works fine to just start programming and not think about the 
design 
not important, it works fine to develop the design as the code is written 
somewhat important, it is a good idea to do a little bit of design before writing 
code 
important; it is good to design most of a program before writing code 
very important; never start programming until a thorough design is complete 
No answer 

Design Techniques 
What do you think is the best approach to design a program? 

DonŠt design, just write code 
Use visual models like the UML or flowcharts 
Sketch the design in code with class declarations before writing function defini­
tions 
Write out the design in natural language 
Use a combination of visual models and natural language 
Let the design evolve as the code is written; document the design with visual 
models and/or natural language 
Let the design evolve as the code is written; the code is the design documenta­
tion 
No answer 

Attitude Towards Test-First Programming 
Test-first programming is the practice by which an automated test case is written 
before the code is implemented. The implemented code is written to pass the test 
case. The design of the system emerges as the programmer repeatedly writes tests, 
then writes the code to make the test pass, then improves both the code and tests 
in short rapid iterations. What is your opinion of test-first programming? 

I don’t think it would ever work
 
I think it might be a good approach on small projects
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I think it might be a good approach on projects where programmers have a lot 
of programming experience 
I think it might be a good approach on projects where programmers understand 
the domain well 
I think it might be a good approach on any project 
No answer 

Attitude Towards Test-Last Programming 
Test-last programming is the practice by which a test case is written after the code 
is implemented. The design of the system is usually developed at least partially 
before any code is written. What is your opinion of test-last programming? 

I don’t think it would ever work 
I think it might be a good approach on small projects 
I think it might be a good approach on projects where programmers have a lot 
of programming experience 
I think it might be a good approach on projects where programmers understand 
the domain well 
I think it might be a good approach on any project 
No answer 

Perception of Test-First and Test-Last Programming 
Regardless of the approach you used, which approach do you think produces code 
with fewer defects, test-first or test-last? 

test-first
 
test-last
 
No answer
 

Perception of Test-First and Test-Last Programming 
Regardless of the approach you used, which approach do you think produces code 
that is simpler, more reusable, and more maintainable, test-first or test-last? 

test-first
 
test-last
 
No answer
 

Perception of Test-First and Test-Last Programming 
Regardless of the approach you used, which approach do you think produces a 
correct solution in less time, test-first or test-last? 

test-first
 
test-last
 
No answer
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Perception of Test-First and Test-Last Programming 
Regardless of the approach you used, do you think you are more likely to thoroughly 
test a program with the test-first or the test-last approach? 

test-first
 
test-last
 
No answer
 

Perception of Test-First and Test-Last Programming 
Regardless of the approach you used, for the course project you just completed, 
which do you think was the best approach, test-first or test-last? 

test-first
 
test-last
 
No answer
 

Why? 

Choosing Between Test-First and Test-Last Programming 
If you had a choice of writing code with a test-first or test-last approach, which 
would you choose? 

test-first
 
test-last
 
No answer
 

Why? 

Additional Comments 
Is there anything else related to this study that you would like to comment on that 
we have missed or that you would like to add? 

F.7 Industry Longitudinal Survey 

Survey on Programming Attitudes - Industry Follow-Up Survey 
This survey is designed to evaluate your programming experience and your percep­
tions and use of testing and design practices. 

Employee ID 
What is your employee ID? __________________ 

Software Development Experience 
How many years have you been developing software professionally? 
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less than 1
 
1 to 2
 
3 to 5
 
6 to 10
 
11 to 20
 
20 or more
 
No answer
 

Highest Degree 
Select the most appropriate description of your college experience. 

Never attended college 
Attended some college, no computer-related courses 
Attended some college, some computer-related courses 
Completed BA/BS, non-computing major/minor 
Completed BA/BS, computing-related major/minor 
Completed BA/BS and some graduate work, non-computing major/minor 
Completed BA/BS and some graduate work, computing-related major/minor 
Completed graduate degree (MS/PhD), non-computing major/minor 
Completed graduate degree (MS/PhD), computing-related major/minor 
No answer 

Programs Written 
In the last six months, how would you characterize your programming experience? 

I have not been programming, but working on other things
 
Less than 10% of my time has been spent programming
 
I have spent about 10% to 50% of my time programming
 
I have spent more than half my time programming
 
No answer
 

Option to Write Automated Tests 
Of the programs that you have worked on in the last six months, on how many 
programs could you have chosen to write automated unit tests (such as with JUnit)? 

None
 
Less than 10%
 
10% to 50%
 
More than 50%
 
All of them
 
No answer
 

Write Automated Tests 
Of the programs you’ve written in the last six months, on how many programs did 
you choose to write automated unit tests (such as with JUnit)? 
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None
 
Less than 10%
 
10% to 50%
 
More than 50%
 
All of them
 
No answer
 

Test-Last Approach 
Of the programs in the previous question, on how many programs did you choose 
to use a test-last approach? 

None
 
Less than 10%
 
10% to 50%
 
More than 50%
 
All of them
 
No answer
 

Test-First Approach 
Of the programs in the previous question, on how many programs did you choose 
to use a test-first approach? 

None
 
Less than 10%
 
10% to 50%
 
More than 50%
 
All of them
 
No answer
 

Automated Testing Use 
To what degree did you write automated tests for your programs in the last six 
months? 

all the time 
only some of the time 
I tried it once 
none, all my testing was done by hand (run program and look at output or use 
debugger) 
No answer 

Confidence of Software Quality 
I am confident that the code I wrote in the last six months is correct. 

strongly agree
 
agree
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somewhat agree
 
neither agree or disagree
 
somewhat disagree
 
disagree
 
No answer
 

Confidence of Software Changes 
I am confident that I could make changes to the code I wrote in the last six months 
without breaking things. 

strongly agree
 
agree
 
somewhat agree
 
neither agree or disagree
 
somewhat disagree
 
disagree
 
No answer
 

Confidence of Software Reuse 
I am confident that I could reuse the code I wrote in the last six months in another 
future project. 

strongly agree
 
agree
 
somewhat agree
 
neither agree or disagree
 
somewhat disagree
 
disagree
 
No answer
 

Attitude Towards Testing 
How important is it to test computer programs that you have written? 

not important, I never make mistakes 
not important, my projects are not critical 
somewhat important, so I do a little bit of testing 
important; I try to test my programs if I still have time before the deadline 
very important; a project is not done until it is thoroughly tested 
No answer 

Test Timing 
When do you think is the best time to write tests for your programs? 

never
 
after I think the entire program is complete
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after I think an important portion of the program is complete (such as a class) 
after I think a small portion of the program is complete (such as a single func­
tion) 
before I have written any code 
before I have written a new important portion of the program (such as a class), 
but after I have tested other code that is finished 
before I have written a new small portion of the program (such as a single func­
tion), but after I have tested other code that is finished 
No answer 

Automated Testing Frameworks 
I think it is a good idea to use automated testing frameworks like JUnit. 

strongly agree
 
agree
 
somewhat agree
 
neither agree or disagree
 
somewhat disagree
 
disagree
 
No answer
 

Attitude Toward Design 
How important is it to design computer programs before they are written? 

not important, it works fine to just start programming and not think about the 
design 
not important, it works fine to develop the design as the code is written 
somewhat important, it is a good idea to do a little bit of design before writing 
code 
important; it is good to design most of a program before writing code 
very important; never start programming until a thorough design is complete 
No answer 

Design Techniques 
What do you think is the best approach to design a program? 

Don’t design, just write code 
Use visual models like the UML or flowcharts 
Sketch the design in code with class declarations before writing function defini­
tions 
Write out the design in natural language 
Use a combination of visual models and natural language 
Let the design evolve as the code is written; document the design with visual 
models and/or natural language 
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Let the design evolve as the code is written; the code is the design documenta­
tion 
No answer 

Attitude Towards Test-First Programming 
Test-first programming is the practice by which an automated test case is written 
before the code is implemented. The implemented code is written to pass the test 
case. The design of the system emerges as the programmer repeatedly writes tests, 
then writes the code to make the test pass, then improves both the code and tests 
in short rapid iterations. What is your opinion of test-first programming? 

I don’t think it would ever work 
I think it might be a good approach on small projects 
I think it might be a good approach on projects where programmers have a lot 
of programming experience 
I think it might be a good approach on projects where programmers understand 
the domain well 
I think it might be a good approach on any project 
No answer 

Attitude Towards Test-Last Programming 
Test-last programming is the practice by which a test case is written after the code 
is implemented. The design of the system is usually developed at least partially 
before any code is written. What is your opinion of test-last programming? 

I don’t think it would ever work 
I think it might be a good approach on small projects 
I think it might be a good approach on projects where programmers have a lot 
of programming experience 
I think it might be a good approach on projects where programmers understand 
the domain well 
I think it might be a good approach on any project 
No answer 

Perception of Test-First and Test-Last Programming 
Regardless of the approach you used, which approach do you think produces code 
with fewer defects, test-first or test-last? 

test-first
 
test-last
 
No answer
 

Perception of Test-First and Test-Last Programming 
Regardless of the approach you used, which approach do you think produces code 
that is simpler, more reusable, and more maintainable, test-first or test-last? 
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test-first
 
test-last
 
No answer
 

Perception of Test-First and Test-Last Programming 
Regardless of the approach you used, which approach do you think produces a 
correct solution in less time, test-first or test-last? 

test-first
 
test-last
 
No answer
 

Perception of Test-First and Test-Last Programming 
Regardless of the approach you used, do you think you are more likely to thoroughly 
test a program with the test-first or the test-last approach? 

test-first
 
test-last
 
No answer
 

Perception of Test-First and Test-Last Programming 
Regardless of the approach you used, for the most recent project you just com­
pleted, which do you think would have been the best approach, test-first or test-
last? 

test-first
 
test-last
 
No answer
 

Why? 

Choosing Between Test-First and Test-Last Programming 
If you had a choice of writing code with a test-first or test-last approach, which 
would you choose? 

test-first
 
test-last
 
No answer
 

Why? 

Additional Comments 
Is there anything else related to this study that you would like to comment on that 
we have missed or that you would like to add? 
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