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[bookmark: _Toc38844957]ABSTRACT—This paper studies an essential question in software engineering, which is if there is an advantage in Productivity when measuring a Test-First (TFD) over a Test-Last Development (TLD) approach to software development. Three questions are asked: Does TDD require more significant Effort (Time), does TDD improve code Quality and does TDD increase programmer Productivity? The experiment, which can be easily replicated, involved developing two 2D games. The Jest framework was used for automating the tests. The independent variables of average Time and number of passed/failed tests were recorded. Three Null Hypotheses were tested: if greater errors fixed resulted in better External code Quality, if greater development Time resulted in greater Productivity and if more Tests resulted in greater Effort. It was concluded that, in the short term, there was no advantage in adopting Test-First over Test-Last Development. The same Effort is required with TDD, which creates equal code Quality but with less Productivity. An interesting observation was made that TDD does increase test coverage.

Keywords—Productivity, Test-Driven development, quasi-experiment, Unit Testing, test coverage.
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[bookmark: _Toc38844958]INTRODUCTION

Software development is now seen as a critical engineering activity in society, given its increasing importance [1]. A significant factor of software failing are defects (figure 1). This is especially the case as a software project grows in size and complexity. High profile examples of errors causing software to fail include the Ariane 5 rocket deviation, causing its resulting self-destruction. A UK government website crashed due to over-capacity. A one-line code changed caused the blackout of a major US city [2]. We can see the importance of testing software, otherwise known as Test-Driven Development (TDD), and will be the motivation behind this paper.

[image: ]
Figure 1 – Failure of software [1].


Software Engineer Kent Beck has been credited with popularising the TDD technique [2], which is related to the Test-First concept in Extreme Programming (XP) [2]. TDD has been adopted as a testing standard where tests are added incrementally during software development and complements todays Agile software philosophy. TDD is supported by a testing framework, such as Jest [3]. Figure 2 shows the four levels of testing in the waterfall model.

[image: ]
Figure 2 – The V-model of software testing [1].
There are critics for and against TDD. Those who advocate TTD argue that development Productivity should be improved, and Timescales reduced because defects are corrected early. This will have a knock-on effect with Quality, as there will be fewer errors to find and fix, during test execution. Time and Effort is another factor that will be effected, as a programmer can move more quickly through the process of writing code [1]. Critics will argue that TDD is both hard to learn and counterproductive. They also state that TDD will not necessarily lead to a decrease in defects, by increasing code Quality [4]. Project managers find some programmers are resistant to testing [5].
This report will work at the lowest testing level - Unit Test, which also covers the greatest number of tests in a software application [6]. The effect on Time (Effort), Quality and Productivity that Unit Testing has on a software application, will be measured. These metrics are based on a study by Erdogmus et al (2005) [7], and we will try to address the most significant shortcoming, which is they needed a larger sample size. The terms programmer and developer will be used interchangeably. 

[bookmark: _Toc38844959]Aim

The Aim of this study is to research the worthiness of implementing a Test-Driven [2] approach to developing software in terms of average Time and the number of errors generated.

[bookmark: _Toc38844960]Objectives

The core fundamental objectives of this project are:
A. To evaluate existing research in TDD to determine the theoretical effectiveness of this approach and the metrics for measuring the performance of software testing.
B. To compare and contrast the Test-Last and TDD approaches by constructing applications to measure the efficiency of each approach.
C. To critically evaluate the benefits of software Quality and Productivity in TDD, through statistical analysis of sample data, obtained through application development.

[bookmark: _Toc38844961]Structure of the report

The paper is divided into seven parts. Chapter two evaluates the current literature on Test-Driven Development. Chapter three explains the research methodology that has been adopted. Chapter four details the design and implementation. Chapter five evaluations the research results. Chapter six concludes with a discussion of the projects success and whether the aims and objectives have been met. In chapter seven, the author provides a personal reflection on the overall management of the research and what has been gained.










[bookmark: _Toc38844962]RESEARCH AND REVIEW OF LITERATURE

[bookmark: _Toc276569692][bookmark: _Toc38844963]Literature search strategy

Literature was reviewed to identify the most relevant evidence for the research questions and ideas on designing the study. Peer-reviewed journals such as IEEE and conference proceedings were referred to. Peer-reviewed dissertations and research papers were searched online with the keywords “software testing research” and “Unit Testing research”. Sites such as the ACM Digital library [8] and Springer [9] contained the majority of the reviewed online literature . The software engineering literature contains many studies on TFD vs. TLD. The major books found include Test-Driven Development by Example (Beck 2003) [2], which was the most referenced book on TDD. Another classic is Growing object-oriented software, guided by tests (Freeman 2009) [10]. It should be noted that many studies were conducted over five years ago.

[bookmark: _Toc38844964]Major TDD Studies

At least one example from the book Making Software’s (2007) 4 TDD categories will be discussed in this section [11]:
· Controlled experiments.  Tests are conducted in academic laboratories or industry environments with an independent variable between two groups.
· Pilot studies. This is a less-structured small experiment, usually done before a larger experiment.        
· Semi-industry studies. This is where professional software developers work on an experimental project or student programmers work on a real project. 	
· An Industry study is most similar to the real-world as they focus on teams using TDD as part of their work. 
These categories will be useful for this study, as the literature can be reviewed in a focused way, based on which category will be chosen for the study.

Dependant variables are what will be measured and depend on results from independent variables. They were classified into four metrics in the Making Software (2007) survey [11].

Internal Quality measures the design, i.e., making the code easier to work with, understand and more maintainable. Evidence does not have a consistent effect on internal quality [11].[image: ]
[bookmark: _Toc38847612]Figure 1 -Internal Quality [11].
External Quality measures the number of defects, i.e., regressions in an application. We can measure one or more of: the number of test cases that have passed, the number of defects (failed tests) and the Effort required to fix the defects. The outcomes of studies using controlled experiments are inconclusive. Industry and pilot studies strongly favour this metric in TDD [11].
[image: ]
[bookmark: _Toc38847613]Figure 2 - External Quality [11].
Test Quality is about the difference in the effectiveness of tests. There is some evidence to suggest there is an improvement in Test Quality [11].
[image: ]
[bookmark: _Toc38847614]Figure 3 - Test Quality [11].
Productivity is about developing software in less Time and is the most controversial metric, with evidence suggesting there is no consistence effect [11].
[image: ]
[bookmark: _Toc38847615]Figure 4 – Productivity [11].
It has been found that there are many studies on software testing, with the majority starting after Beck’s (2003) book [1]. Some of the most notable studies will now be discussed.
In the book Making Software (2010), the author scored 22 empirical studies conducted on TDD based on industry and academic empirical evidence. It was based on four software metrics of internal Quality, external Quality, test Quality and Productivity. It was found that consistency did vary but it was concluded that generally TDD did score higher in each of the four areas [11].
The IEEE Journal article titled “TDD—The Art of Fearless Programming” (Jeffries 2007) created two tables with a list of both industry and academic research studies conducted (Table 1 & 2), mainly using the Java programming language [12]. The majority of studies were case studies and there are a few controlled experiments. The dependent variables of Productivity and Quality are measured, with interesting results. For example, it can be seen that the Productivity effect varies wildly from a 76% increase in Quality from Microsoft (Canfora) to a -45% decrease at the Wroclow University of Technology (Table 2). If scanning through Table 1, we can generally see that there is an increase in Effort with a greater result in software Quality in industry. If scanning through Table 2, we can generally see inconclusive results for Productivity and Quality in academia. We will discuss some of these studies in more detail. First, we look at industry studies, then academic studies


[bookmark: _Toc37592633][bookmark: _Toc37592784][bookmark: _Toc38550018][bookmark: _Toc38811554]Table 1-  Peer-reviewed industry studies [12].
	AUTHORS
	TYPE
	TIME
	COMPANY
	SOFTWARE BUILT
	SOFTWARE SIZE
	PROGRAMERS
	PRODUCTIVITY EFFECT
	QUALITY EFFECT

	SANCHEZ [13].
	A case study 
	5 years 
	IBM 
	Point-of- sale device driver 
	Medium 
	9–17
	Increased Effort 19% 
	40%

	BHAT AND NAGAPPAN [14].

	A case study 
	4 months 
	Microsoft 
	Windows networking common library 
	Small 
	6
	Increased Effort 25–35% 
	62%

	CANFORA [15].

	A case study 
	7 months 
	Microsoft 
	MSN Web services 
	Medium 
	5–8
	Increased Effort 15% 
	76%

	GERAS [16].

	A case study 
	8 months 
	PetroSleuth 
	Windows- based oil and gas project management with statistical modelling elements 
	Medium 
	4–7
	n/a 
	81% customer and developers’ perception of improved Quality 

	
	A case study 
	8.5 hours 
	Monster Consulting 
	Coding exercises 
	Small 
	5
	Increased Effort 60–100% 
	38–267%

	DAMM AND LUNDBERG [17].

	A controlled experiment 
	5 hours 
	Soluziona Software Factory 
	Text analyser 
	Very small 
	28
	Increased Effort by 65% 
	Inconclusive.

	MELIS [18].

	A multi-case study 
	1–1.5 years 
	Ericsson 
	Components for a mobile network operator application 
	Medium 
	100
	Total project cost increased by 5–6% 
	5–30% decrease in fault-slip- through rate; 55% decrease in avoidable fault costs 

	MANN [16].

	A simulation 
	49 days (simulated) 
	Calibrated using Klondike- Team and Quinary data 
	Market information project 
	Medium 
	4
	Increased Effort 17% 
	36% reduction in residual defect density 

	GEORGE AND WILLIAMS [19].

	A quasi- controlled experiment 
	3 hours 
	Various. 
	Simple database- backed business information system 
	Small 
	14
	No difference.
	Inconclusive based on failure rates; improved based on no. of tests and frequency of execution 

	YNCHAUSTI [20].

	A quasi- controlled experiment 
	4.75 hours 
	John Deere, Role Model Software, Ericsson 
	Bowling game 
	Very small 
	24
	Increased Effort 16% 
	18%





[bookmark: _Toc37592634][bookmark: _Toc37592785][bookmark: _Toc38550019][bookmark: _Toc38811555]Table 2-  Peer-reviewed academic studies [12].
	AUTHORS
	STUDY TYPE
	TIME
	SOFTWARE BUILT
	SOFTWARE SIZE
	PROGRAMERS
	PRODUCTIVITY EFFECT
	QUALITY EFFECT

	FLOHR AND SCHNEIDER [21]

	A quasi- controlled experiment 
	40 hours 
	Graphical workflow library 
	Small 
	18
	Improved Productivity by 27% 
	Inconclusive 
No value perceived by programmers.
No difference 

	P.ABRAHAMSSON et al  [22].
	A case study 
	30 days 
	Mobile application for global markets 
	Small 
	4
	Increased Effort by 0% (iteration 5) to 30% (iteration 1) 
	

	ERDOGMUS [7].
	A controlled experiment 
	13 hours 
	Bowling game 
	Very small 
	24
	Improved normalised Productivity by 22% 
	

	MADEYSKI [23].

	A quasi- controlled experiment 
	12 hours 
	Accounting application 
	Small 
	188
	n/a 
	–25 to –45% 

	MELNIK AND MAURER [24].

	A multi-case study 
	4-month projects over
3 years 
	Various Web- based systems (surveying, event scheduling, price consolidation, travel mapping) 
	Small 
	240
	n/a 
	73% of respondents perceive TDD improves Quality 

	EDWARDS [25].
	Artefact analysis 
	2–3 weeks 
	CS1 programming assignment 
	Very small 
	118
	Increased Effort 90% 
	45% 

	PANCˇUR [26].
	Controlled experiment 
	4.5 months 
	4 programming assignments 
	Very small 
	38
	n/a 
	No difference 

	GEORGE [27].
	Quasi- controlled experiment 
	1-3/4 hours 
	Bowling game 
	Very small 
	138
	Increased Effort 16% 
	16%

	MÜLLER AND HAGNER [28].

	Quasi- controlled experiment 
	10 hours 
	Graph library 
	Very small 
	19
	No difference.
	No difference, but better reuse and improved program understanding 




[bookmark: _Toc38844965]Studies in Industry

George and Williams (2003) conducted both qualitative and quantitative research on professional programmers at three companies. Pair programming was used to measure external code Quality with 20 black-box test cases, based on requirements specifications. The TDD group passed 18% more test cases than the control group. They concluded Test-First resulted in higher code Quality, but with lower Productivity. Mean test coverage was 98% for methods, 92% for statements and 97% for branches [19].

Geras (2004) suggested that it is risky to adopt Test-Driven approaches without  testing subjects’ skills and knowledge. In this semi-industry experiment, they found little difference in programmer Productivity between Test-First and Test-Last programmers, which they evaluated by assessing overall development Time required as compared to industry expert estimates. Participants wrote two programs. Group 1 programmers wrote program A using the Test-Last process and then program B using the test- first process. Group 2 wrote program A using the test-first process and second program B with the Test-Last process. They found Test-First wrote more cases. The experiment proved difficult to complete. There were 7 voluntary participants in each group, with development experience ranged from 6 months to 6 years. [16].
Bhat and Nagappan (2008) conducted a joint case study, at Microsoft and IBM, comparing teams using TFD and TLD. They concluded that there was a 40-90% decrease in defects. Software Quality was measured in terms of defects/thousand lines of code.	There was a corresponding 15-35% increase in development Time, which was offset by reduced maintenance costs due to the improvement in Quality [29]. 
Gren et al (2017) used both a survey with 235 software developers and a case study in one of the seven organisations studied. They measured the correlation between the number of code defects to code coverage. They concluded that the correlation between Quality and Unit Test were not significant and recommended further study [30].
Diffblue (2019) conducted a study with 300 software developers at large companies, across various sectors. It was found that 90% of developers agreed Unit Testing improved software Quality and speed up code maintenance. It was also found developers spend 20% of their Time writing Unit Test. 48% percent of developers agreed that they can find it difficult to achieve the Unit Testing coverage set by their organisations [31]. It seems literature from the industry studies seem mainly favourable when measuring Productivity and code Quality.

[bookmark: _Toc38844966]Academic studies

An experiment by Muller and Hagner (2002) measured programming speed, reliability and understanding. They found that Test-First development only supported program understanding. 19 computing graduates were the subjects of an experiment where they had to fix faults of acceptance tests. They were divided into two groups, TFD and TLD. Productivity does not increase and TFD has a slightly increased in reliability [41].  

An academic study by PanEur et al (2003) used both quantitative and qualitative data. The results showed that there was no improvement in code Quality by adopting TFD over TLD. The subjects were 38 senior undergraduate computer science students divided into two groups with equal skills. A survey was conducted at the start (Programming knowledge and experience) and a t-Test applied to equal out these variables. They state that the Quality of tests greatly influences the Quality of the code. Mean Test coverage of methods, statements and branch (conditionals) were assessed to determine the Quality of the written tests for both groups. The average mean of all three types of code coverage is 92.6% for the TDD group and 95.1% for the TLG group. 120 test cases were developed to assess external code Quality. An survey at the end of the experiment showed that students would use TDD at a job, even though they were not keen on it [26].
It was found that the most interesting study of all was by Erdogmus et al (2005). An academic experiment was conducted on senior university students. Three hypotheses predicted that Test-First programmers write more tests, external code Quality will be increased, and more Productivity will be achieved with TDD (figure 7). Tests were encouraged to be conducted in an academic laboratory over several sessions. Subjects were chosen based on their skill levels, then randomly assign to a control group or experiment group. Subjects wrote Unit Test using JUnit from user stories that were assigned to them, on an incremental basis. They were instructed on programming techniques. The tests were then checked using acceptance tests by the instructors in order to derive the Quality and Productivity. The programming tasks were small for each student and it was recommended that a larger sample size be used when replicating the experiment [7].  The two main Hypotheses were:
· Hypothesis 1Q predicted a higher Quality for the Test-First group. Test-First programmers did not achieve proportionally better external code Quality by writing more tests. 
· Hypothesis 1P predicted Productivity, the number of delivered stories per unit Effort, for the Test First group. The results showed that Test-First  wrote more tests than their Test-Last counterparts, which correlated with an increase in Productivity. 
A third Hypothesis was measured, although it was not the focus of the study:
· Hypothesis 1T predicted an improvement in the variable TESTS, the number of tests per unit Effort, for the Test-First  group relative to the Test-Last group. 

[image: ]
[bookmark: _Toc38847616]Figure 5 - Boxplots for results of Tests (Effort), Productivity and External Quality [7].
Another academic experiment conducted by Janzen and Saiedian (2008) used senior undergraduate students as the research subjects. They studied Productivity, test coverage and internal Quality. Here, they were divided into three control groups. The results indicated that TDD may have a positive impact on programmer Productivity, and the students perceive TDD favourably after they had tried it [32].		
[bookmark: _Toc38844967]Unit Testing
We will now be looking at how we will test the software. In the Erdogmus study [7], Unit Testing, which has been strongly recommended for safety critical systems by ISO 26262 [16], was used as the testing technique. User stories were created which provided context for the development by the student programmers. Black box testing methods were then used by the researchers for verification purposes [7].
Unit Testing, which is a white box testing method, requires programming skills and an understanding of the working of the application to be tested. The functionality of a program will be broken down into behaviours that will be testable. Unit Test, which are typically automated, can be also referred to as test harnesses [33]. Unit Testing is often performed by the programmer who wrote the code, who may not record the defects that were fixed [1]. Figure 2 shows how software is built incrementally, one component at a Time. With each increment, a new component (class or function) is created or an existing one is upgraded in order to support the features. This has the advantage that if a test is failing, we know exactly which component (class or function) is failing, as opposed to Test-Last development [34].
[image: ]
[bookmark: _Toc38847617]Figure 6 - Each component is tested individually.
Unit Testing is often supported by a test framework that is separate from the tested software, such as XUNIT or JUNIT. This is in order to control the test execution and compare the outcomes with the predicted outcomes [35]. Automated software testing (figure. 2), which was originally popularised into three layers by Cohn (2001)[6], does not provide any guidance for how to write a Unit Test. Code written inside the test methods will be simply executed, then feedback provided on whether the test passed or failed [36]. This study will be testing at the base level of the test automation pyramid (figure 2), known as Unit Testing. Unit Test represent the largest percentage of tests in a project.  It should be noted that Unit Test are not useful in all situations. For example, with software lacking business complexity. Tests can be trivial in these cases, so will not fit well into the test pyramid [37].


[image: ]
Figure 2 - The test pyramid ratios [6].

The shift away from the Waterfall model of old to the Agile approach of software development today, highlighted in the Agile manifesto [38],  has directly shaped the need for automated testing. Software projects became so complex (Figure 1) that it was no longer feasible to plan details in advance [36]. The National Institute of Standards and Technology (2002) reported that software bugs cost the U.S. economy $60 billion annually [39]. Rapid delivery cycles were introduced as stakeholder feedback became increasingly valuable. Today, companies such as Facebook can fix bugs many Times an hour [36].

[image: ]
[bookmark: _Toc38847618]Figure 7 – Rise in complexity with added features [36].
TDD has been described as a simple three step cycle, known as the so-called three laws of TDD (Martin 2009) (Figure 5)[40][41]. The simplest tests are written in the green phase. For example, testing individual keyboard inputs. The tests should be written to be independent of the order of behaviours in the software [3]. Test names should also be short and abstract [42]. We then run the test in order to see it fail. In the green phase, the simplest code is written to pass the test. In the refactor phase, the code is refactored or cleaned, making sure it still passes.
[bookmark: _Toc29512505][image: ]
[bookmark: _Toc37250917][bookmark: _Toc38847619]Figure. 8. The TDD cycle [43] [10].
Martin (2011) stated that it would be unprofessional for software developers not to follow the three laws, quoting that companies have reported defect reduction rates by up to a factor of 10, by doing so. Furthermore, following the three laws will result in having the most ideal kind of documentation, due to the tests being recorded. He also stated that following the three laws is not a guarantee that any benefits will be obtained [44].
[bookmark: _Toc29434048]Martin (2009) describes the F.I.R.S.T principle for cleaning tests in the refactor phase consists of [40]:
· Fast – a test should run quickly.
· Independent – a test should not depend on another test. 
· Repeatable – a test should be repeatable in any environment. 
· Self-validating – a test output should be a Boolean. Either a pass or fail. 
· Timely - a Unit Test should be written just before the production code that makes it pass. 
The actual structure of a Unit Test consists of what is known as the AAA (Arrange, Act and Assert) pattern. Arrange describes preparing for a test. Act describes calling the component (class or method ) we need to test. At the heart of a Unit Test is the assertion, which describes verifying the results as a pass or fail  [36][3].	

According to Feathers (2004), qualities of good Unit Test are that: that they run fast, and that they localise problems. As there can be some confusion to the definition of what a Unit Test is exactly, Feathers defines that if the following four points are true, then the tests are not true Unit Test [33]:

· Talking to a database.
· Communicating across a network.
· Touching a file system.
· Environment has to be configured in order to make it run.
There are also two notable schools of thought that try to define what a Unit Test is. The ‘London school’ defines a Unit Test as isolation of the system under test i.e. Unit Testing interconnected classes. The ‘classical school’, sometimes referred to as the Detroit school, defines Unit Test as the isolation of Unit Test themselves from each other i.e. Unit Testing one class at a Time [37]. The IEEE has published a standard on the steps that should be taken when planning Unit Test (Table 3).
[bookmark: _Toc38550020][bookmark: _Toc38811556]Table 3 - The IEEE 1008 standard Unit Testing tasks [45].
	Perform a test plan
	Acquire the test set
	Measure the Unit Test

	Plan the approach.
	Design the tests.
	Execute the tests.

	Determine what needs to be tested.
	Implement the refined plan and design.
	Check for termination.

	Refine the plan.
	
	Evaluate the test Effort and unit.



A good Unit Test should have the following attributes [37]:
· Protecting against regression. This means stopping the project from accumulating bugs during its lifecycle.
· Resistance to refactoring. This means avoiding the situation where the tests are no longer working when modifying some underlying code.
· Fast – tests are to be executed very fast.
· Easy maintainability – should not be hard to understand or run.
We will briefly highlight why Unit Test should be done in the first place. The book Unit Testing Principles, Practice and Patterns (2020) explains that the single greatest benefit of Unit Testing is that it sustains a projects growth. Figure 2 shows how a project without testing can have a Productivity head start but then rapidly slows down so much that progress becomes difficult. Significant Effort may be required initially but will pay off by preventing a regressive bug. A regression is a defect that makes a feature in the software stop functioning as intended i.e. a software bug [37].
[image: ]
[bookmark: _Toc38847620]Figure 9 – The growth dynamic between a project with and without tests [37].
The book Software Engineering at Google (2020), has argued that Unit Testing has shown to improve software developer Productivity [46]. The book Essence of Software Engineering (2018) states that the overall cost of automated testing is estimated to be half of the total development cost [47].
Software testing styles can either be static or dynamic. Static testing does not test the code  but conducts reviews to remove errors and ambiguities from specification documents (Fagan inspection method). Dynamic testing, which involves testing the program with test data as it is actually executed , will be used for this study [1].
Quantitively measuring test coverage is important in TDD as we will know the extent and Quality of testing and also how much more testing needs to be done [1]. This metric shows the ratio of the number of lines of code executed by a test over the total number of lines in the code [11].

Test doubles are used a lot in TDD. They are fake dependencies in a test that is passed to the system instead of the real dependencies (Figure 7) . Mocks help to emulate and examine outcoming interactions,  while stubs help to emulate incoming interactions [37].
[image: ]
[bookmark: _Toc38847621]Figure 10- Two types of test doubles [37].
Possibly the biggest limitation of Unit Test is that bad tests will inevitably be written due to programmer psychology. We may not know or be able to decide what parts of the code should be tested [35] [36]. This is contrast to behavioural tests (black box), which are much simpler to write and understand [34]. Figure 5 illustrates how writing bad Unit Test can be just as detrimental to a projects Timeline as not writing tests in the first place. Regression will still occur [37].
[image: ]
[bookmark: _Toc38847622]Figure 11 - Growth dynamics between having a project with good vs bad tests [37].
A final disadvantage of TDD is that the bottom–up process makes it difficult to find deeper faults that require a more comprehensive understanding of the code [4].

[bookmark: _Toc38844968]Conclusion
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In reviewing the TDD literature, three things were important [48]:
· The study designs (case studies vs experiments).
· The unit of measurement (metrics).
· The causal relationship (between variables).
Case studies were mostly conducted in industry and the results were more in favour of TDD. It seems that industry studies will be difficult to replicate, given the resources that are available to the author. Therefore, a focus on how academic studies measured Test Effort, External code Quality and Productivity should be adopted.

The majority of the studies measured the statistical mean values of the dependent variables Productivity and Quality. Tests (Effort) also seems to be an important variable and was also included in the Erdogmus [7] study. The Jeffries (2007) IEEE article showed Productivity and Quality was inconclusive in the literature survey. These three metrics seem reasonable to study. It seems direct comparison between the academic TDD studies from Table 2 is not possible, due to the differences in measurements. Controlled experiments were mainly conducted, and the results showed TDD to be less favourable. The dependent variables will be based on Erdogmus [7], but with a differing prediction that Time, Quality and Effort will be equal for TFD and TDD, as the IEEE survey by Jeffries [12] was inconclusive. The Making Software survey showed there was no difference on these variables [11].

Object-oriented programming is an important factor in the literature, as, the majority of studies on TDD used with either Java or the C# programming languages [49]. Therefore, it should be used. In the next section we will discuss the methodology of the research. 

Unit Testing will been chosen as the TDD technique for this study, as it was used  successfully in the Erdgomus [7] study, along with user stories. In Gren’s [30] paper, it was mentioned that Unit Testing was a highly debated issue, from being referred to as totally useless to invaluable on the other extreme. They highlighted the fact that scientific evidence was lacking.


The subject of the experiment will be the author, and will be based on a control group and experiment (TDD) group development of a software application, which will be based on Geras [16].




[bookmark: _Toc38844969]RESEARCH METHODOLOGY
[bookmark: _Toc38844970]Research Overview

When thinking about the aim of this study, inductive and deductive reasoning was compared [50]. Inductive reasoning starts with an observation, then theories are created based on the interpreted data (Table 4).  The obtained knowledge is referred to as epistemology (Cornford and Smithson). A general conclusion can be drawn from the observation or particular situation. The limitation this approach, known as Interpretivism, is that a conclusion can never be proven [51].

Deductive reasoning starts with an existing theory (Table 4). Deductive reasoning is affected by the theory of reality, personal understanding of the world and assumptions about what is being investigating (Ontology). A deductive approach will be used for this study, as the existing theory that Test-Driven Development is equal to Test-Last development, will be tested. Deduction uses variables to prove or disprove causal relationships by having fixed and changing variables. This approach, which uses a Positivist perspective, is structured and allows for the process to be replicated [48] [52] [53].

[bookmark: _Toc38811557]Table 4 - Inductive vs deductive reasoning.
	Inductive approach.
	Deductive approach.

	Start an observation.
	Select an existing theory.


	Observe a pattern.
	Formulate a Hypothesis on that theory.


	Develop a theory.
	Collect data to test the Hypothesis. 


	
	Accept or reject the Hypothesis from the results.





[bookmark: _Toc38844971]Research Design

A research design is a plan that is chosen by the researcher to answer questions validly, objectively, accurately [48].  According to Wohlin (2000), when researching software engineering, it should be treated scientifically and recommends a choice of three designs in a Quasi-experiment (Figure 9) [54]. 

[image: ]
[bookmark: _Toc38847623]Figure 12 - The three types of research strategies [54].

Dawson’s (2005) suggestion, that an experiment should be conducted when developing software, will be adopted [55]. The author , who is a 3rd year undergraduate Computing student, will be the sole subject of the experiment. Unlike the majority of the reviewed literature, such as in Erdogmus’s [7] academic true experiment, there will be no variability in the subject. Therefore, a quasi-experiment will be conducted, as it provides the greatest amount of control. There will be two groups – the experimental group (TFD)  and the control group (TDD) that will resemble each other as close as possible. Unlike a true experiment, the two control groups will not have randomisation [54].

Ideally, qualitative research should precede quantitative research [7]. A lack of access to programming subjects, makes questionnaires irrelevant.  Quantitative research will be used as numerical data will be analysed from the test cases and Time measurements. A quasi-experiment will be chosen as the research strategy, as the author does not have the resources to access external programmers for a case study in either academia or industry, and behaviour will need to be manipulated directly.


[bookmark: _Toc38811558]Table 5 - Experiment design.
	Number of participants
Qualification
	1
Undergraduate student

	Language
	Typescript 3.8.3.

	Automated testing tool
	Jest v25.3.

	Control group (TLD)
	Tetris game.

	Experiment group (TDD)
	Rover game.

	Project duration
	3 months (approximate).



[bookmark: _Toc38844972]Data collection methods

When conducting research, data will need to be captured. Figure 9 shows the options that are available. Primary data sources will be used, as data will be collected form two software applications (games). 

[bookmark: _Toc38847624][image: ]
Figure 13 - Data collection methods [48].
Observations involve recording behavioural patterns in a systematic manner in order to give insight into the problem under investigation (Malhotra 2017) [53]. Participant observations will be used to collect information, as the subject is the author. The independent variables of software development Time, average Time to write unit test cases and average Time to fix failed tests.  
Test coverage will also be measured. The test coverage is a ratio between the number of lines of code executed in the test suit and the production code base [37]. The industry standard for coverage is in the range 80 – 90%, this is what will be the aim in this study, although ideally the coverage should be 100%  [56].
[image: ]This controlled numerical data will be measured using a physical Digital Timer, which will be kept beside the development environment (MacBook pro) (Figure 10). The Timer button will be pressed to start recording Time when the author will work on the code or tests and stop when completed. 










[bookmark: _Toc38847625]Figure 14 – A Digital Timer purchased from Amazon to record the Time variable.
A table will be used to record data test case for each software application (Table 4).

[bookmark: _Toc38811559]Table 6 - Record the test cases and Time.
	Date: 
	Time T1.
	Test  description
	Expected results
	Pass /Fail
	Time T2.

	The date of the test.
	Average Time required to write the test.
	An explanation of what the test is doing.
	A description of the expected results of the Unit Test.
	Did the test pass or fail. If it failed, detail the code that made it pass.
	Average Time  taken to fix the test.



A problem with using observations as a method of numerical data collections is the Hawthorn Effect, where distortion may be introduced in behaviour’s in the research subject. There is also the problem of incomplete observations [50]. 


[bookmark: _Toc38844973]Research Process

It has been decided from the literature, that the most appropriate independent variables to be measured should be: A. the average Time to write and refactor test cases, and B. the total number of Unit Test and number of failed tests. The research questions that are asked are:

Q1. What is the difference in the amount of Effort required?
Q2. What is the difference in the Quality of the external code?
Q3. What is the difference in Productivity? 

From the literature review results, a null Hypothesis has been formulated that Test-Driven software development is equal to Test-Last software development, in the context of a quasi-experiment in an academic setting (H0). Any observed differences may be from experimental or sampling errors. The alternative hypothesis will be that the dependent variables of Tests (Effort), External Quality, and Productivity will be worse under a TFD approach.
Table 7 shows the three Hypotheses based on the dependent variables of Effort, Quality and Productivity have been drawn up. These will be tested through experimentation.
[bookmark: _Toc38811560]Table 7 - Formalised Hypotheses.
	
	Expectation

	Hypothesis T (Null)
H: μ_1= μ_2,K: μ_1≠ μ_2
	Test-First programmers and Test-Last programmers write an EQUAL number of tests per unit of programming.
Alternative Hypothesis: not equal.

	Hypothesis Q (Null)
H: μ_1= μ_2,K: μ_1≠ μ_2

	External Quality of Test-First programmers is EQUAL to Quality of Test-Last programs.

Alternative Hypothesis: not equal.

	Hypothesis P (Null)
H: μ_1= μ_2,K: μ_1≠ μ_2,
	Productivity for Test-First programmers is EQUAL to Productivity of Test-Last programmers.
Alternative Hypothesis: not equal.


The independent variables of Time and number of Unit Tests are important for this study. They are the controlled inputs that will determine its outcome. The Time variable will measure the total development Time of the control group and the experiment group. It will measure the Time to write Unit Test and the Time taken to fix failed Unit Test. The number variable will measure the number of Unit Test and the number of failed Unit Test.
Table 7 shows how the variables of Tests, External Quality and Productivity, which are  based on Erdogmus [7], will be calculated. The results will be dependent on the independent variables of Time and Number.
[bookmark: _Toc38811561]Table 8 - The dependent variables.
	Dependant variable
	Description
	Calculation

	Tests (Effort)
	Number of tests per unit of Effort [7].

	The mean Time per unit of programming test calculated as the development Time / number of tests.

	External Quality
	Based on number of defects (failed tests) [7].

	The mean value of minimum value and maximum value : (min + max) / 2.

	Productivity
	Output per unit of Effort [7].
	The sum of development Time and Time to fix failed tests.




Since a Quasi-experiment is used,  t-Tests will measure whether Hypotheses T, Q and P, which are detailed in the research design section, will be accepted or rejected. This statistical method, which was used in PanEur [26] and Erdgomus [7], tests whether the mean difference between two groups is zero for groups being drawn from approximately normal distribution. Groups in our case come from two 2D games. This will then be graphed as a bell curve.

An explanation will be provided on how the tests will be conducted. The density graph of the normal distribution is characterised by two parameters: the mean (average) which is the middle of the graph and where the peak of density occurs and about which the graph is always symmetric; and the standard deviation which determines the amount of dispersion away from the mean. The Standard deviation (denoted by μ), is a measure of the variability (dispersion) of the set of numerical values about their mean. The computed t-statistic based on these two samples coming from normal distribution follows a t-Test distribution. Probability of observing the value of this t-statistic  equal or greater than the computed one under null Hypothesis is called a p-value. We will compare this p-value with the t critical which represents our significance level. If the t-statistic > t critical then the Hypothesis will be rejected [53] [57].
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[bookmark: _Toc37250918][bookmark: _Toc38847626]Figure. 15. Graph that displays the distribution of t-values [57].
· The p-value is the probability of observing a statistical value as extreme as the observed one assuming null Hypothesis is true. This p-value is then compared to statistical significance level to determine the outcome of the test. 
· Density will be used to see where the current value of the statistic is compared to the whole distribution.
· Observations is what we observe, for example, the total number of tests and total number of failed tests.
· The variance will show how much the observations are scattered around the means.
· The degrees of freedom (df) for a t-Test and a sample size of n is n – 1.
Example [53]:

Let us imagine that we would like to check the following Hypothesis: mean height of men is equal to mean weight of women. We have 18 observations, 9 for men and 9 for women. For women: 156, 157, 158, 159, 160, 161, 162, 163. For men: 176, 177, 178, 179, 180, 181, 182, 183, 184. A T-Test is created for solving this task. It answers the question: if there are really significant differences in the means to say that they are not equal. The formula for t-statistics for two samples with different variations is:

Where

The mean of women’s height the mean of men’s height. .
The standard deviation of women’s height  and, so.
So, 
So, we received that t = 5,48 and we have a question what to do with this value? What decision we should accept? There are two ways to accept the decision (both of them give the same solution, the first is simpler than the second):
1) Compare |t| with t-critical and if |t|>t-critical then we reject the Hypothesis, if t<t-critical, then we do not reject the null Hypothesis.
2) Count p-value and compare it with significance level  (it is the probability that t>t-critical). If p-value<, then we reject the null Hypothesis, if p-value> then we do not reject the null Hypothesis.
Let us try to do this with the first variant. We should know the t-critical for it. Table 9 shows the critical values. Counts from 1 to 20 are degrees of freedom (df). In our case df = 9+9-2 = 16 and  (it is in columns) is 0.05 (we can choose any, but 0,05 is most often used), so we have t-critical of 2,12.
Our |t| is 5,48 and it is bigger than t-critical, so we should reject the Hypothesis and say that the mean height of men is not equal to the mean height of women.

Now let us try to do the second variant. We should count the p-value for it. We observe that the difference of mean heights is 20. So, the p-value is the probability that we will get the difference of more than 20 under the assumption that means are equal. In this case we get p-value = 0, 0005 (do not be concerned about how it was counted). So, the probability to get the difference more than 20 under the assumption that means are equal is almost 0, that means that we have got such a big difference in means, that we can assume that the Hypothesis should be rejected. The lower the p-value, the closer we get to rejecting the hypothesis. P-value = 0,0005 <  = 0,05, so we should reject the Hypothesis.

[bookmark: _Toc38811562]Table 9 - Critical values example.
	               P
V
	0,80
	0,40
	0,20
	0,10
	0,05
	0,02
	0,01

	1
	0,325
	1,376
	3,078
	6,314
	12,706
	31,821
	63,657

	2
	0,289
	1,061
	1,866
	2,920
	4,303
	6,965
	9,925

	3
	0,277
	0,978
	1,638
	2,353
	3,192
	4,541
	5,841

	4
	0,271
	0,978
	1,638
	2,353
	3,182
	4,541
	5,841

	5
	0,267
	0,920
	1,476
	2,015
	2,571
	3,365
	4,032

	6
	0,265
	0,906
	1,440
	1,943
	2,447
	3,143
	3,707

	7
	0,263
	0,896
	1,415
	1,895
	2,365
	2,998
	3,499

	8
	0,262
	0,889
	1,397
	1,860
	2,306
	2,896
	3,355

	9
	0,261
	0,883
	1,383
	1,833
	2,262
	2,821
	3,250

	10
	0,260
	0,879
	1,372
	1,812
	2,228
	2,764
	3,169

	11
	0,260
	0,876
	1,363
	1,796
	2,201
	2,718
	3,106

	12
	0,259
	0,873
	1,356
	1,782
	2,179
	2,681
	3,055

	13
	0,259
	0,870
	1,350
	1,771
	2,160
	2,650
	3,012

	14
	0,258
	0,868
	1,345
	1,761
	2,145
	2,624
	2,977

	15
	0,258
	0,866
	1,341
	1,753
	2,131
	2,602
	2,947

	16
	0,258
	0,865
	1,337
	1,746
	2,120
	2,583
	2,921

	17
	0,257
	0,863
	1,333
	1,740
	2,110
	2,567
	2,898

	18
	0,257
	0,862
	1,330
	1,734
	2,101
	2,552
	2,878

	19
	0,257
	0,861
	1,328
	1,729
	2,093
	2,539
	2,861

	20
	0,257
	0,860
	1,325
	1,725
	2,086
	2,528
	2,845



[bookmark: _Toc38844974]Risk analysis

A Table has been created in order to prioritise and mitigate the identified risks to this project (Table 10).

Table 10 - Risk management table.
	Description
	Probability 
(Out of 10)
	Severity
	Mitigation

	Project not completing on time.

	6
	High.
	Monitor progress against the Gantt chart.
Make sure goals are realistic.

	Losing work or data.

	5
	High
	Back up data onto Onedrive and external hard drive daily.


	Poor Time management and /or workload constraints. 

	5
	Medium
	Prioritise the most important tasks.

	Choosing unsuitable testing and development tools.

	3
	Medium
	Research tools beforehand.

	Testing the Hypotheses incorrectly.

	5
	Low
	Amend or re-calculate the Hypotheses.





[bookmark: _Toc38844975]Research Deliverables

A 2D game development approach has been chosen for the study. The reasons are:
· It is easier to test the logic and control the testing of the behaviour. 
· It has been recommended, by Erdogmus [7],  that a larger sample size should be used when testing Time (Effort), External Quality and Productivity. Therefore, a complete working application will be developed rather than testing a few classes or methods in the control group and experiment group.
Typescript will be used to develop two games, due to familiarity by the author and perceived ease of development. The programmes will be classed as small due to having only a few hundred lines of code each. The games will have similar logic, i.e. both will be board games and include score tracking, have a similar design, code base size and be object-oriented, in order to try to eliminate any bias. No backend database will be developed due to the unnecessary complexity involved and to follow Feathers (2004) definition of a Unit Test [33].

The classic puzzle video game Tetris (Pajitnov 1984) has been chosen as the first game to develop the control group. The experiment group game has been created by the author and given the name ‘Rover’ – as detailed in section 4.1.

All tests will be recorded as described in Table 6 and will be attached in the appendix of this report. Test reports will be generated detailing all passed and failed tests. The experiment group will be Unit Tested at the end and the control group will be tested from the beginning using Jest framework. This is a popular framework used by the likes of Facebook, Twitter and Instagram [3].

Table 11 - Research deliverables.
	Deliverable
	Outputs
	Outcomes

	2D Typescript Tetris game.
	Create test cases.
	Unit Test report.
Test coverage report.

	2D Typescript Rover game.
	Create test cases.
	Unit Test report.
Test coverage report.

	Statistical t-Tests
	Data samples from results.
	Accept or reject Hypotheses.




[bookmark: _Toc38844976]Conclusion

In this section we have discussed the research methodology. The deductive research approach has been adopted that will start with a testable Hypothesis. The independent variables have been chosen that will be manipulated between a control group and an experiment group. The dependent variables will be measured. Statistical tests will be used to then accept or reject the hypotheses. We have identified the risks and the deliverables for the project. In the next section, we will discuss the design and implementation of this research.














[bookmark: _Toc38844977]DESIGN AND IMPLEMENTATION

When building software, it is useful to think in terms of software life cycles  (PMI Agile Practice Guide 2017: 17) [58]. The life cycle of Tetris follows a more predictive approach as seen in traditional waterfall methodologies (Figure 12). The software life cycle of Rover follows an iterative approach as seen in modern Agile methodologies (Figure 13).  In this section, we will analyse the requirements, discuss the design, the implementation (build and test) and the final application (deliver).
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[bookmark: _Toc38847627]Figure 16 – Predictive development for a Test-Last approach [58].
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[bookmark: _Toc38847628]Figure 17 – Iterative development for a Test-First approach [58].


[bookmark: _Toc38844978]Requirements

A requirements specification was developed for both games. The purpose of creating a requirements specification is to serve as a guide to design, develop, and test the software [52].

Tetris

The rules of the game are that a player is given a sequence of Tetromino pieces and must fit them onto the bottom of a rectangular gameboard initially as they drop randomly. When a row is filled, the gameboard is cleared and all pieces above it drop by one row. The game ends if all the rows cannot be filled appropriately [59].

The following links were used a starting reference for the Tetris game. The YouTube channel ‘Meth Meth Method’ explained a basic functional version of Tetris, which gave inspiration for the creation of a more advanced object-oriented Tetris game.
· https://github.com/meth-meth-method/Tetris
· https://www.youtube.com/watch?v=H2aW5V46khA
· https://Tetris.com/
· Book: Typescript the complete beginners guide 2019 [60].

The Erdogmus [7] study highlighted the importance of creating user stories before attempting to write and test the software. The research subjects from the Test-First and Test-Last groups looked user story documentation before developing and testing the code tasks from the instructors [7]. Table 10-11 lists the user stories for the Tetris game.

[bookmark: _Toc38811563]Table 12 - Tetris functional user stories.
	Number
	User Story
	Acceptance Criteria


	1
	As a Player, I must be able to click start so that I will be able to initialise the game.
	1.1) New Player must be able to click the start button.
1.2) New Player must be able to click the spacebar to start game.


	2
	As a Player, I must be able to move a Tetromino so that I can fill a row.
	2.1) Player must be able to press the A key, to move Tetromino to the left.
2.2) Player must be able to press the D key, to move Tetromino to the right.
2.3) Player must be able to press the S key, to move Tetromino down.
2.4) Player must be able to press the E key, to rotate Tetromino to the right.



	3
	As a Player, I must be able to move a Tetromino so that I can fill a row.
	3.1) Player must be able to start a new row, when row is complete.
3.2) Player must be able to press the D key, to move Tetromino to the right.
3.3) Player must not be able to ascend.
3.4) Player must not be able to descend, if row is full.
3.5) Player must will lose game, when board is full.





[bookmark: _Toc38811564]Table 13 - Tetris Non-functional user stories.
	1
	As a Player, I must be able to understand the instructions easily so that I will be able play the game.
	1.1) New Player must be able to read instructions on screen.
1.2) New Player must be able to implement the instructions.





Rover

Rover is a simple game with an objective of a vehicle collecting red squares which can either be a bomb, in which case the game ends, or a bonus, in which case points accumulate and the game goes on. References used for the game were:

· The advanced game developer’s toolkit (2017) – for the idea of the bombs and programming the game board [61].
· Physics for JavaScript Games, and Animation, Simulation (2014) [62].
· Typescript the complete beginners guide (2019) [60].
Tables 11-12 lists the user stories for the Rover game.

[bookmark: _Toc38811565]Table 14 - Rover functional user stories.
	Number
	User Story
	Acceptance Criteria


	1
	As a Player, I must be able to click start so that I will be able to play the game.
	1.1) New Player must be able to click the start button.
1.2) New Player must be able to click the spacebar to start game.

	2
	As a Player, I must be able to press E so that Rover can rotate clockwise.
	2.1) Player must be able press E to rotate Rover when facing north.
2.2) Player must be able press E to rotate Rover when facing west.
2.3) Player must be able to press E to rotate Rover when facing south.
2.4) Player must be able to press E to rotate Rover when facing east.
2.6) Player must be able to press E to rotate Rover when facing north and move up.
2.7) Player must be able to press E to rotate Rover when facing north near border.



	3
	As a Player, I must be able to press space bar, so that I can move Rover.
	3.1) Player must not be able to move Rover forward when pressing space bar and facing an obstacle.



	4
	As a Player, I must be able to collect a red square, so that I can collect a bonus.
	4.1) Player must be able to collect a red square, to collect a bonus.
4.2) Player must not be able to continue, when hitting a bomb.
4.3) Player must see the game end screen, when hitting a bomb.




[bookmark: _Toc38811566]Table 15 - Rover non-functional user stories.
	1
	As a Player, I must be able to understand the instructions easily so that I will be able play the game.
	1.1) New Player must be able to read instructions on screen.
1.2) New Player must be able to implement the instructions.
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An object-oriented analysis and design (OOAD) process was used [63], as both games were to be developed using object-oriented programming. This was important for consistency with studies such as Erdogmus [7], which used Java and Junit. UML was required in order to design and plan the games using the software requirements.

Figure 10 shows the UML Class Diagram for the structure of Tetris, which has 24 boxes that represents each class.  Figure 11 shows the UML Class Diagram, for the structure Rover game, with 20 classes. Classes are represented by boxes that contain three sections [64] [65]:
· The top sections contain the names of classes. Classes are a template for creating game behaviours. Access to the classes are set to either Private (-) or Public (+).
· The middle sections contain the attributes of the classes. Some classes do not contain attributes. For example, Game Blocks.
· The bottom sections contain the operations that the classes execute. 

UML Activity Diagrams (Figure 12 and 13) show the algorithms for the game logic of each respective game, which are represented by symbols. A circle represents the start or finish of each game. A rectangle represents a process. A diamond is used to represent a decision. The symbols are connected by transition arrows that represent the flow of activity [66] [63].




[image: ]

[bookmark: _Toc37250919][bookmark: _Toc38847629]Figure. 18. UML Class Diagram for Tetris [67].
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[bookmark: _Toc37250920][bookmark: _Toc38847630]Figure 19. UML Class diagram for the Rover game [67].
[bookmark: _Toc462812578][image: ]
[bookmark: _Toc37250921]
[bookmark: _Toc38847631]Figure 20 – Algorithm of Tetris  [68].

[image: ]
[bookmark: _Toc37250922][bookmark: _Toc38847632]Figure 21 – Algorithm of Rover game.

The ISEB test analysis and design process was used as a guide in order to plan the tests for the study. It begins with creation of a test basis in order to identify the test objectives. It continues with the selection of test design techniques for the test conditions and identifying test coverage. Then the test is produced (Figure 9) [69].
[image: ]
[bookmark: _Toc38847633]Figure 22 - ﻿The test analysis and design process [69].
The book Applied Software Project Management was used as a design reference for the test case tables for recording the Unit Test and attaching it to the appendix of this report [5]. The information that must be included is a name, a unique number, a description of the defect and the expected results (Figure 23). Testing is complete when no defects are found.

[image: ]
[bookmark: _Toc38847634]Figure 23 - Example of a test case [5].




[bookmark: _Toc38844980]Implementation

In this section, will discuss the challenges in writing and implementing the Unit Test on the Typescript applications. A table describes the written assertions and acts. Finally, the success of test coverage. 


It was found that collision detection and obstacles were the most complex features to implement in the Tetris and Rover Typescript games respectively. Figure 20 shows the commands used to initialise the typescript applications
[bookmark: _Toc38847635]Figure 24 – Commands used to initialise the Typescript applications.

Figure 15 and Figure 16 show screenshots of the completed Tetris and Rover games. The logic was implemented very similarly in both applications. Tetris.ts is the entry point for Tetris and Rover-game.ts is the entry point for Rover game.

[image: ]      [image: ]
[bookmark: _Toc38847636]Figure 25  - The start screen of Tetris.           		 Figure 26 -The start screen of Rover.
[image: ]     [image: ]
[bookmark: _Toc38847637]Figure 27 – Press space to start Tetris.       Figure 28 – Press space to start Rover.

[image: ] [image: ]
[bookmark: _Toc37250923][bookmark: _Toc38847638]Figure. 29. Tetris game screenshot. 																		Figure 30 – Rover game screenshot.
Figure 20 shows an example from controls.test on how the Jest framework organises tests into describe and it blocks. The first argument is the description of the test. The second argument is a function inside of which a test is defined [3]. ﻿The it function defines a single test. 


[image: ]


[bookmark: _Toc37250945][bookmark: _Toc38847639]Figure. 31. Typescript test file example from Tetris.

The User Stories that were written in section 4.1 were referenced in order to create the test cases. Eight test files were created for Tetris and eight files were created for Rover. Table 14 and Table 15 shows descriptions of the tests and what is being tested.

[bookmark: _Toc38811567]Table 16 - Tetris Arrange and Act statements.
	Test (TS) file
	Test description
	Test

	Tetris.game











	When Game Is initialised










When Game Is Run




When Game Is Stopped

	Should instantiate Board,
Should instantiate Legend,
Should instantiate StartGameScreen,
Should instantiate, EndGameScreen,
Should instantiate Timer,
Should set IsPlaying to False.


Should set IsPlaying to True,
Should set IsPlaying to True Only Once.

Should set IsPlaying to False


	Board.test
	When Board Is initialised



When Board Is Reset



When Board Is Checked To Move Down










When Board Is Checked To Move Left










When Board Is Checked To Move Right

	Should initialise Correctly


Should Generate Tetromino,
Should Reset Grid

Should Allow Move Down
Should Not Allow To Move Down When Cell Is Null
Should Not Allow To Move Down When Cell Is Occupied
Should Not Allow To Move Down When More Then Height

Should Allow Move Left
Should Not Allow To Move Left When Cell Is Null
Should Not Allow To Move Left When Cell Is Occupied
Should Not Allow To Move Left When Less Then 0

Should Not Allow To Move Right When Cell Is Null
Should Not Allow To Move Right When Cell Is Occupied
Should Not Allow To Move Right When More Then Width.





	Cell.test
	When Generating Tetromino

	Should generate Tetromino


	EndgameScreen.test
	When Generating Tetromino

	Should generate Tetromino


	startGameScreen.test
	When Generating Tetromino

	Should generate Tetromino


	Legend.test
	When Generating Tetromino

	Should generate Tetromino


	Tetromino.test
	When Tetromino Is initialised

When Tetromino Is Updated



When Tetromino Is Moving Down






When Tetromino Is Moving Left




When Tetromino Is Moving Right





When Tetromino Is Rotating

	Should Set Fields Correctly

Should Move Down If Can Move
Should Not Move Down If Cannot Move

Should Move Down When S Pressed And Can Move
Should Not Move Down When S Pressed And Cannot Move

Should Move Left When A Pressed And Can Move
Should Not Move Left When A Pressed And Cannot Move

Should Move Right When A Pressed And Can Move
Should Not Move Left When A Pressed And Cannot Move

Should Rotate When E Pressed
Should Not Rotate If Cannot Move Right
Should Not Rotate If Cannot Move Left
Should Not Rotate If Cannot Move Down


	TetrominoGenerator.test.t
	When Generating Tetromino

	Should generate Tetromino




[bookmark: _Toc38811568]Table 17 - Rover Arrange and Act statements.
	Test (TS) file 
	Test description
	Test

	Application.test
	When application is instantiated

	should instantiate new game
should instantiate and run game
should instantiate canvas singleton instance
should initialise controls


	Controls.test

	When controls initialised

	

	endgameScreen.test
	When startgamescreen is initialised

	should start game on space key pressed


	Game-unmocked.test
	When game is run

	and Timer is elapsed should update board
and Timer is elapsed should update rove



	StartGameScreen
	When startgamescreen is initialised

	should start game on space key pressed


	Rover.test
	When Rover is initialised


When Rover is rotated


When Rover is moved








When Rover is moved near border


When Rover is moved near obstacle

When Rover is reset


	should face north
should be at 0,0

and facing north should face west

and facing west should move to the right
and facing south should move down"
and facing east should move left
and facing north move up
and facing north near border should appear at bottom
should not move when facing obstacle



should reset position


	Obstaclegenerator.test.ts
	When generating obstacles

	should generate obstacles
generated obstacle should have random position


	Gameboard.test
	When board is initialised



When getting next position









When checking if can move




When checking if Rover is touching bonus



When game board is reset

	should fill grid
should generate obstacles
should generate bonuses

and position is less then 0 should return bottom
and position is more then Y should return 0
and position is less then 0 should return right
and position is more then X should return 0

and near obstacle should not allow to move
and not near obstacle should allow to move

should increase score and regenerate bonuses
and bonus is a bomb should end game
and bonus is a bomb should end game
should not regenerate bonuses

should regenerate obstacles
should regenerate bonuses




When typing npm run test into the console, tests will be rapidly executed, then the results printed with a pass or fail, as can be seen in Figure 21 and Figure 22. It will display the total number of test suite, tests, and Time taken and whether the tests have passed or failed. Snapshot tests were not used.

[image: ]

[bookmark: _Toc37250946][bookmark: _Toc38847640]Figure. 32.  Jest test results for Tetris in Bash Terminal.
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[bookmark: _Toc37250947][bookmark: _Toc38847641][bookmark: _Toc29426338][bookmark: _Toc29426912][bookmark: _Toc29427161][bookmark: _Toc29427338][bookmark: _Toc29434062]Figure 33 - Jest test results for Rover  in Bash Terminal.

After implementing each game, test files were added on a class by class basis, and acts and expected results were written. Files ending in .test  are considered test files. For example, the rect class is a structure to store four int values. So, a rect.test test file was written that tests the rect file, so that when rect is initiated it should contain four int values. This test class is an example of a simple test.

Classes, interfaces and methods were tested individually, according to the classic school of thought [49]. The tests from Tetromino were much more complex. A Tetromino is reacting to the keyboard events, so to test this, the keyboard was mocked. That is when the complexity was raised, and some tests started to fail.  Up to 5 hours was spent on some tests. A Tetromino is a geometric shape composed of four squares.  The seven one-sided Tetrominoes  are named GameBlockT, GameBlockI, GameBlockJ, GameBlockL, GameBlockS , GameBlockSquare and GameBlockZ in the game. 

[image: ]
[bookmark: _Toc37250929][bookmark: _Toc38847642]Figure 34 – Tetromino shapes [70].
Mocking is the process where we create a fake implementation of an object, i.e. a class or function, in order to test it by replacing the original [71]. Jest.fn was used to create a mock a function. Jest.mock was used to mock a file. When the file is loaded, the mock implementation is called, and we can check constructor calls. For example, the game file was mocked by writing:
jest.mock("./game", () => {
return mockedGame;
});
Figure 26 shows example of mocking a function in a class, then setting the return mocked class with a mocked function.



[bookmark: _Toc38847643]Figure 35 - Example of mocking a constant in Rover.


In the Tetromino class constructor, the <Rotate> function is handled through event handling when the E key is pressed. It uses newshape to call the getRotateShape method to initialise the original shape and create a new shape. First, when a game object is created, each object has the initial rotation angle. So, when the user presses E key for rotation, the program selects the object and changes the angle according to the delta. Hence, it creates a new rotated shape by 90 degree to the right. When creating a new shape, we define all the vertices of the shape in a two-dimensional array and determine their new coordinates. X and Y coordinates determine the rotated shape as array variables in the getRotatedshape method and obtain the new coordinate values. At that Time, it uses the getlastsquareX method.


[bookmark: _Toc38847644]Figure 36 - Create new rotated shape.
The purpose of getLastSquareX is to obtain the value lastX . Value LastX is assigned to square[0] while rotating the cycle from 0 to the number of vertices. Square[] is the X coordinate. 


[bookmark: _Toc38847645]Figure 37 – Finding a rotation anchor.
Figure 29 details the test case written on GetRotatedShape in Tetromino.test.ts.



[bookmark: _Toc38847646]Figure 38 – Testing getRotatedShape.

The most difficult Unit Test cases to implement in Tetris was to cover the  Tetromino and Board classes. The issue was in the relation to how these two classes are connected. The Board class instantiates Tetrominoes, but every Tetromino has a reference to the Board class (Figure 30).


[bookmark: _Toc38847647]Figure 39 - The Tetromino constructor.
It is receiving a reference for the Board class as the first parameter. There are a lot of cases, where interaction between these two classes is involved in the testing process. For example, when a Tetromino is moved left, and we are at the left board border, it should stop. Or when a Tetromino is moving down, at the bottom of the board or next to another Tetromino, it should also stop. Code was written that checks that when the S key is pressed,  a Tetromino will move downwards (Figure 31-32).


[bookmark: _Toc38847648]Figure 40 – Pressing the S key.


[bookmark: _Toc38847649]Figure 41 – canMoveDown method.
A Tetromino is asking the Board class to check global coordinates and decide if the Tetromino can be moved down. To test this scenario, the keyboard input was mocked. The board should have an appropriate state to reply with the desired result.

Complexity was also present when testing the Game class. It has states such as playing, stopping and transitioning between states on different game events.

The main complexity in Unit Testing Rover was the GameBoard and Game classes. The Rover has a lot of internal properties, such as local coordinates and the direction it is headed. But only GameBoard knows where it is located globally, and whether the Rover can move to the next point. Interaction between these two classes should be tested, bearing in mind that there are bombs on the field or other different gameplay mechanics. For example, a scenario where the Rover is heading into a bomb (Figure33 – 34).


[bookmark: _Toc38847650]Figure 42 – The Rover is asking the gameboard to check the bonus in the position it is headed.


[bookmark: _Toc38847651]Figure 43 - The Rover move function.
If the bonus is a bomb, then the game will be over. To test this scenario, the keyboard input should be mocked, the gameboard should have an appropriate state and a bonus should be a bomb. As only the GameBoard is having a collection of bonuses, we should appropriately setup all these classes and mock the state. As for GameBoard, it is used to hold a reference to Rover, Obstacles and Bonuses (Figure 34).


[bookmark: _Toc38847652]Figure 44 – Testing the scenario where Rover is touching a bonus, new bonuses should be generated, and the score increase.

The difficulty in the implementation of the Game class was to test the game input (Figure 35) and game object update (Figure 36).


[bookmark: _Toc38847653]Figure 45 – The game is instantiated  by creating a Rover instance.


[bookmark: _Toc38847654]Figure 46 -  Adding listeners to the keyboard.

Jest framework provides a helper function named beforeEach, which was called to setup some action before the tests cases were run in many places, so code is not duplicated. This is known as a Setup [3]. Figure 30 shows code clearing all mock setups, resetting them, adding mock html markup and initialising the game.



[bookmark: _Toc38847655]Figure 47 – Setup example.

Tetris.ts is the main class and entry point to the game which was not tested. Timer.ts is the game loop Timer and was also not tested. As can be seen from Figure 38 – 41, test coverage for Tetris was inadequate, in certain files. 100% coverage was achieved in other files. 71.43% was achieved as the overall mean test coverage, which is adequate.

[image: ]

[bookmark: _Toc38847656]Figure 48 - Overall coverage report for Tetris.




[bookmark: _Toc38847657]Figure 49 –  The game file in Tetris. The highlighted lines of code have not been tested.
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[bookmark: _Toc38847658]Figure 50 – Coverage for the gameobjects folder.

[image: ]
[bookmark: _Toc38847659]Figure 51 – Coverage for the infrastructure folder.

The  games file is the main class and entry point to Rover which was not tested. There was a marked difference in the coverage in this game. Only three files (Figure 42 -47) were not covered fully by test cases – canvas, endGameScreen and constants. Even then, there were only a few lines of code highlighted by the HTML reporter.


[image: ]
[bookmark: _Toc38847660]Figure 52 – 90.42% was the mean test coverage achieved.
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[bookmark: _Toc38847661]Figure 53 – Files in the source folder.
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[bookmark: _Toc38847662]Figure 54 – The canvas behaviour was also not fully tested in the Canvas file.




[bookmark: _Toc38847663]Figure 55 – The Endgamescreen file.
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[bookmark: _Toc38847664]Figure 56 – Constants file had 75% coverage.
	
	
A coverage of 75% was achieved in file Constants.ts:





[bookmark: _Toc38847665]Figure 57 – Constants file.

[bookmark: _Toc38844981]Conclusion

In this section we have discussed the most challenging features to write test cases for. We also detailed how some of the test cases were implemented. It is felt that although the control group and experiment group 2D games were developed successfully, there is a big discrepancy in the coverage of tests between the two applications, even though they are both comparable in features, design and size. 

Admittedly, the game logic is more complex in Tetris, which may have a factor in these results. Some tests were purely overlooked in Tetris or not written due to the difficulty in implementation, for example, the canvas. Having more knowledge in Unit Testing probably contributed to the tests covering more of the code in the Rover game. We can therefore conclude, that TDD seems to create greater code coverage. In the next section, we will evaluate the data from the Unit Test results and the resulting t-Tests to evaluate the Hypotheses.

















[bookmark: _Toc38844982]EVALUATION
[bookmark: _Toc38844983]Results

Table 16 shows empirical data for the experiment. The total number of automated Unit Test cases and the number of failed tests for each game have been obtained. Average Times of writing the test cases and fixing failed tests were created from the individual recorded Times by the Digital Timer. Sample data was plugged into an online t-Test calculator [72].

[bookmark: _Toc38811569]Table 18 - Results for the independent variables.
	Variable A: Tests 
	Variable B: Average Time

	Total: 55 (Tetris), 63 (Rover).
Failed: (17 Tetris), (47 Rover).

	Write each test : 40 mins - 1 hr.
Fix a failed test: 40 mins - 5 hours.



[image: ]
[bookmark: _Toc38847666]Figure 58 – Time / test for Tetris.
[image: ]
[bookmark: _Toc38847667]Figure 59 – Time / test for Rover.
[image: ]
[bookmark: _Toc38847668]Figure 60 – Histogram of the games.

Hypothesis T

Hypothesis T’s expectation that  Test-First programmers and Test-Last programmers write an equal number of tests per unit of programming Effort, was confirmed true. Figure 14 shows a bar chart created in Excel for both games.  Let us name  as the amount of test per unit of programming Effort for the Test-First program and  as the amount of test per unit of programming Effort for Test-Last program. So, the Hypothesis will be:
Tetris had a total of 55 tests and Rover had a total of 63 tests (Figure 38). The t-Test for Tetris was calculated from the development Time of 48 and number of tests of 55, so 48/55 is the mean Time per unit of programming test. The standard deviation is 0,2 so a normally distributed sample was generated with the mean and standard deviation. For Rover it was similar but took a mean equal to 56/63 and a standard deviation of 0,15. 



[image: ]

[bookmark: _Toc37250952][bookmark: _Toc38847669]Figure. 61. Tetris had 55 tests and Rover had 63 tests.
[bookmark: _Toc38811570]Table 19 - Hypothesis T results.
	
	
	

	
	
	

	 
	Rover
	Tetris

	Mean
	0,918903741
	0,876734879

	Variance
	0,038176765
	0,023559597

	Observations (total tests)
	55
	63

	Degrees of freedom
	102
	

	t-statistics
	1,290294961
	

	P-value
	0,199865669
	

	t critical
	1,983495259
	 

	
	
	

	Hypothesis is true, because 
|t-statistics| < t critical.
	
	



[image: ]

[bookmark: _Toc37250953][bookmark: _Toc38847670]Figure. 62. Graph of density of t-distribution.
Hypothesis Q

Hypothesis Q’s expectation that an increased emphasis on testing should not increase External Quality, was confirmed true.  Let’s name  is External Quality of Test-First programmers and  is External Quality of Test-Last programmers. So, the Hypothesis will be:

The data was generated from the number of failed tests: 40-60 minutes - (40+300)/2=170 minutes - mean Time. So, two normally distributed samples were generated with means and standard deviations for Tetris and Rover.


[image: ]

[bookmark: _Toc37250954][bookmark: _Toc38847671]Figure. 63. The number of failed tests for Tetris were 17, and 47 for Rover.
[bookmark: _Toc38811571]Table 20 - Hypothesis Q results.
	
	
	

	
	
	

	 
	Tetris
	Rover

	Mean value
	168.4055816
	168.7369547

	Variance
	1724.300333
	1454.531253

	Observations (failed tests)
	17
	47

	Degrees of freedom
	26
	

	t-statistics
	-0.028801232
	

	P-value
	0.977243058
	

	t critical
	2.055529439
	 

	
	
	

	Hypothesis is true, because 
|t-statistics| < t critical.
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[bookmark: _Toc37250955][bookmark: _Toc38847672]Figure. 64 Graph of density of t-distribution.
Hypothesis P

From the data (appendix I), Hypothesis P’s expectation that Test-First programmers are just as productive as Test-Last programmers, was confirmed false. It can be seen from Figure 16  that development Time is only slighter higher with the Rover game and TFD. Here, we assume that overall Productivity is the sum of development Time and Time to fix failed tests. So, here every sample consists of two sub-samples. Let’s name  is a Productivity of Test-First programmers and  is a Productivity of Test-Last programmers. So, the Hypothesis will be:

How the data was generated: 55 tests with mean equal to 50 minutes (40-60 minutes), 17 tests with mean equal to 170 minutes (40 minutes - 5 hours), standard deviation is 43 (as in the second Hypothesis). For Rover there are 63 tests with mean = 50, standard deviation = 3 and 47 tests with mean = 170 and standard deviation = 43. Normally distributed sub-samples were generated and got 2 samples. In all three cases two-sided t-Test were used for two independent samples with different variations.

[image: ]
[bookmark: _Toc37250956][bookmark: _Toc38847673]Figure. 65. Development Time for both 2D games totalled 104 hours.

[bookmark: _Toc38811572]Table 21 - Hypothesis P results.
	
	
	

	
	
	

	 
	Tetris
	Rover

	Mean value
	75.30111375
	104.4640412

	Variance
	2360.909874
	4709.996596

	Observations
	72
	110

	Degrees of freedom
	179
	

	t-statistics
	-3.353865312
	

	P-value
	0.000972685
	

	t critical
	1.973305434
	 

	
	
	

	Hypothesis is rejected, because |t-statistics|<t-critical
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[bookmark: _Toc37250957][bookmark: _Toc38847674]Figure. 66.  Graph of density of t-distribution

[bookmark: _Toc38844984]Conclusion

The data was analysed and put into a statistical t-Test in order to reject or accept the Hypotheses. The results were not in line with what was expected by the author from the research conducted in the literature review. 

Hypothesis T’s expectation that Test-First programmers and Test-Last programmers write equal number of Tests per unit of programming Effort, was confirmed true.

[image: ]
[bookmark: _Toc38847675]Figure 67 – Hypothesis T Histogram.
Tetris mean =  0.9189037409818183.
Tetris std =  0.19538875418299684.
Rover mean =  0.8767348789682541.
Rover std =  0.15349135728509358.

Hypothesis Q’s expectation that an increased emphasis on testing should not increase External Quality, was confirmed true. A mean Time of 170 minutes was confirmed, which is significant.

[image: ]
[bookmark: _Toc38847676]Figure 68 - Hypothesis Q Histogram.
Tetris mean =  168.40558162411764.
Tetris std =  41.52469545608296.
Rover mean =  168.73695466808513.
Rover std =  38.13831738360015.

Hypothesis P’s expectation that Test-First programmers are just as productive per unit of programming as Test-Last programmers, was confirmed false.
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[bookmark: _Toc38847677]Figure 69 - Hypothesis P Histogram.
Tetris mean =  75.30111374694444.
Tetris std =  48.25059025078708.
Rover mean =  94.37690493319586.
Rover std =  65.44874395983172.

In order to do the 2-sample t-Test for each of the 3 Hypotheses the following assumptions have been verified:

· The observations were recorded independently and did not introduce any dependency.
· Recorded Times of writing tests are continuous.
· The two samples are independent, so have a 2-sample t-Test, rather than a paired t-Test. 
· Based on the histograms, the data follows a normal distribution, though the data depicts heavier right tail than a typical normal distribution does.
· The variances of the two populations are not equal. It is natural to expect that Time for Test-Last is more spread, so has a higher variance than Test-First. In this situation, Welch’s modification of t-Tests was used to account for unequal variance [73].




























[bookmark: _Toc29426349][bookmark: _Toc29426923][bookmark: _Toc29427174][bookmark: _Toc29427351][bookmark: _Toc29434075][bookmark: _Toc38844985]CONCLUSION
[bookmark: _Toc38844986]Summary

In this paper, peer-reviewed literature was reviewed on TDD in order to formulate a research study. Based on the Geras’ [16] semi-industry study,  a control group and experiment group OOP game was developed. Similar to Erdogmus [7],  Unit Testing was used as the testing technique. 

Both the Test-Last and Test-First software applications were designed and functioning as intended from the requirements. Test cases were implemented well, but did not contain the test steps, as recommended by Stellman (2006) [5].

We have discussed in detail how the experiment data was statistical analysed in section 5.1. The independent variables of average Time and number of Unit Test were used for the calculations from the sample data. . Section 3.2.1  discusses how these metrics were formulated. 

The results are in line with the reviewed academic studies. In other words, Hypothesis P has been rejected with confidence, as Productivity is worse under TDD. Null Hypotheses T and Q could not be rejected, as there was no difference in the number of Tests (Effort) and Quality between the TDD and TLD groups (Table 22). These findings are similar to the academic laboratory experiments in the reviewed literature. The research Aim and Objectives have been achieved

The most surprising observation in this study was that mean test coverage was greatly improved using TDD, as discussed in the implementation section. This ties in with the finding of the Siniaalto and Abrahamsson (2007) study which states code coverage greatly increases with Test-First as opposed to Test-Least development [74]. The statistical data has not been cross validated externally.
From the reviewed literature, the lowest programmer subject count was 4 (Abrahamsson et al). As the author is the sole contributor to the study, there may be elements of observer bias and incomplete observations in the results [48]. The data may be skewed due to the authors lack of experience in programming and unit testing. Therefore, the Time (Effort), External Quality and Productivity results may be different with a professional software developer. Analyses should be repeated in a laboratory environments before generalising on the result [14]

[bookmark: _Toc38811574]Table 22 - Conclusion of the research.

	TYPE
	SOFTWARE BUILT
	SOFTWARE SIZE
	PROGRAMERS
	PRODUCTIVITY EFFECT
	QUALITY EFFECT
	TIME     (EFFORT)

	A Quasi- controlled experiment
	2* 2D Games
	Small
	1
	Negative Productivity.
	No difference
	No difference





[bookmark: _Toc462812590][bookmark: _Toc38844987]Recommendations for further research

This study can benefit from several improvements, before replication is attempted, in order to increase the validity of the conclusion. 
· The most significant improvement is to have a larger control and experiment group based on a true experiment design. Subjects should be randomised into a Test-First and Test-Last group. 
· Wohlin (2003) recommended experiments be done in a lab, as it provides a higher level of control [54].
· Tests can be split into Unit Test, functional tests and integration tests between a Test-First and Test-Last group [7].
· Multiple data collection methods should be undertaken with triangulated research combining both qualitative and quantitative sample data, for a more extensive study, as conducted in the PanEur [26] and Erdogmus [7] studies. Questionnaires should be filled in by research subjects both before and after conducting a study. These should include subjective questions regarding TDD and also participant skill levels.
· More research is needed to fully evaluate the effect on Productivity over a longer period of Time.

We can see how they compare based on this approach. In the next section, a reflection will be discussed about the study.



























[bookmark: _Toc38844988]REFLECTION

I made some modifications from the interim viva presentation. Typescript was chosen to develop the 2D games as it was seen as simple to implement. The development of the two games were very challenging, as detailed in the implementation section, and I did not initially believe it would be practical to finish them in Time, so was under a lot of pressure. This was due to the fact that Typescript works differently to conventional languages such as C#,  and the fact that I had no knowledge of Unit Testing prior. 

Writing the test cases was also very Time consuming, with each test taking between 40 minutes to 3 hours. Fixing failed tests took from between 30 minutes to 5 hours. This problem was highlighted in the risk analysis, and it was found that the Gantt chart was not realistic My perception of TDD and Test-First development is that discipline and mastery is required in order to apply it effectively. 

Learning about how to make sense of the generated data with statistics was difficult, as I have not t-Tests before. The book Introduction to mathematical statistics was invaluable ([57]

I feel that the project went well my knowledge of software testing and software engineering processes has increased. The dissertation was a valuable learning experience and I have gained the following skills:

· Object-oriented programming knowledge has been improved.
· Unit Testing. How to write tests cases and how to test them.
· How to learn autonomously through conducting the experimental research.
· Knowledge on statistical analysis using t-Tests.
· Writing and using user stories to code software.
· Learning how to write a requirements specification, and its importance.
· Knowledge about Test-Driven Development and the Agile methodology.
· Time and project management.
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Test  name: models.test.ts
Test  ID: 1

	Date: 
	Test  description
	Expected results
	Pass /Fail

	28-02-2020 

	When Rect Is Instantiated.
	test ("Should Set Correct Values", () => {
        const rect = new Rect(5, 5, 100, 200);

        expect(rect.x).toEqual(5);
        expect(rect.y).toEqual(5);
        expect(rect.width).toEqual(100);
        expect(rect.height).toEqual(200);
});
	

PASS



Test  name: models.test.ts
Test  ID: 2

	Date: 
	Test  description
	Expected results
	Pass /Fail

	28-02-2020 
	When Coordinates In Instantiated.
	test ("Should Set Correct Values", () => {
        const coordinates = new Coordinates(20, 20);

        expect(coordinates.x).toEqual(20);
        expect(coordinates.y).toEqual(20);
});
	PASS



Test  name: game.test.ts
Test  ID: 3

	Date: 
	Test  description
	Tests
	Pass /Fail
	

	28-02-2020
 
	When Game Is initialised.
	test ("Should instantiate Board", () => {
        expect (Board).toHaveBeenCalledTimes(1);
});
	FAIL



	Added 
Jest.mock("./gameobjects/board");
to game.test.ts class



Test  name: game.test.ts
Test  ID: 5

	Date: 
	Test  description
	Expected results
	Pass /Fail

	28-02-2020 
	When Game Is initialised.
	test ("Should instantiate Legend", () => {
        expect (Legend).toHaveBeenCalledTimes(1);
    });

test ("Should instantiate StartGameScreen", () => {
        expect (StartGameScreen).toHaveBeenCalledTimes(1);
    });

test ("Should instantiate EndGameScreen", () => {
        expect (EndGameScreen).toHaveBeenCalledTimes(1);
    });

test ("Should instantiate Timer", () => {
        expect (Timer).toHaveBeenCalledTimes(1);
    });

test ("Should set IsPlaying to False", () => {
        expect (game.IsPlaying).toBeFalsy;
});
	PASS






Test  name: game.test.ts
Test  ID: 6

	Date: 
	Test  description
	Expected results
	Pass /Fail

	28-02-2020 
	When Game Is Run.
	test ("Should set IsPlaying to True", () => {
        game.run();
        expect (game.IsPlaying).toBeTruthy();
});
	PASS






Test  name: game.test.ts
Test  ID: 7

	Date: 
	Test  description
	Expected results
	Pass /Fail

	28-02-2020 
	When Game Is Run.
	test ("Should set IsPlaying to True Only Once", () => {
        game.run();
        game.run();

        expect (mockBoardReset).toHaveBeenCalledTimes(1);
});
	PASS






Test  name: game.test.ts
Test  ID: 8

	Date: 
	Test  description
	Expected results
	Pass /Fail
	

	28-02-2020 
	When Game Is Stopped.
	test ("Should set IsPlaying to False", () => {
        game.stop();

expect  (game.IsPlaying).toBeFalsy();
});
	FAIL



	Set this.isPlaying = false;in game.ts



Test  name: startgamescreen.test.ts
Test  ID: 9

	Date: 
	Test  description
	Expected results
	Pass /Fail
	

	28-02-2020 
	When StartGameScreen Is initialised.
	test ("Should Start The Game On Space Key", () => {

        document.body.innerHTML = "<canvas id=\"canvas\">";
        Canvas.init();
        const game = new Game();
        game.init();
        new StartGameScreen(game);
        const event = new KeyboardEvent("keyup",  { "code": Controls.SpaceKey});
        window.dispatchEvent(event);

expect  (game.IsPlaying).toBeTruthy();
});

	FAIL














	Called       Controls.init();
in test



Test  name: endgamescreen.test.ts
Test  ID: 10

	Date: 
	Test  description
	Expected results
	Pass /Fail
	

	29-02-2020 
	When EndGameScreen Is initialised.
	test ("Should Start The Game On Space Key", () => {

        document.body.innerHTML = "<canvas id=\"canvas\">";
        
        Canvas.init();
        const game = new Game();
        game.init();
        new EndGameScreen(game);
        const event = new KeyboardEvent("keyup",  { "code": Controls.SpaceKey});
        window.dispatchEvent(event);

expect  (game.IsPlaying).toBeTruthy();
});

	FAIL
	Called       Controls.init();
in test



Test  name: endgamescreen.test.ts
Test  ID: 11

	Date: 
	Test  description
	Expected results
	Pass /Fail

	29-02-2020

	When Score Is Set On End Game Screen.
	test ("Should Set Score", () => {
        const endGameScreen = new EndGameScreen(new Game());
        endGameScreen.setScore(100);

expect  (endGameScreen.score).toEqual(100);
});

	




PASS



Test  name: legend.test.ts
Test  ID: 12

	Date: 
	Test  description
	Expected results
	Pass /Fail
	

	29-02-2020

	When Legend Is Reset.
	test ("Should reset score", () => {
        legend.score = 100;
        legend.reset();

expect  (legend.score).toEqual(0);
});
	FAIL
	this.score = 0; in legend.ts



Test  name: legend.test.ts
Test  ID: 13

	Date: 
	Test  description
	Expected results
	Pass /Fail
	

	29-02-2020 
	When Legend Is Reset.
	test ("Should reset score", () => {
        legend.score = 100;
        legend.reset();

expect  (legend.score).toEqual(0);
});
	PASS
	

	29-02-2020

	When Legend Score Is Set.
	test ("Should update score adding value", () => {
        legend.score = 100;
        legend.increaseScoreOn(50);

expect  (legend.score).toEqual(150);
});
	FAIL
	this.score += score;




Test  name: Tetrominogenerator.test.ts
Test  ID: 14

	[bookmark: _Hlk36570232]Date: 
	Test  description
	Expected results
	Pass /Fail
	

	29-02-2020 
	When Generating Tetromino.
	test  ("Should generate Tetromino", () => {
        const generatedTetromino = TetrominoGenerator.generate();
        
        expect (generatedTetromino).not.toBeNull();
        expect (generatedTetromino.Board).not.toBeNull();

expect (Tetrominocolours).toContainEqual(generatedTetromino.Colour);
expect (TetrominoTemplates.map(x => x.coordinates)).toContain(generatedTetromino.Shape);

	FAIL
	expect (TetrominoTemplates.map(x => x.coordinates)).toContainEqual(generatedTetromino.Shape);



Test  name: template.test.ts
Test  ID: 15

	Date: 
	Test  description
	Expected results
	Pass /Fail

	29-02-2020 
	When Templates Are initialised
	test("TemplateI Should Have Correct Coordinates", () => {
        const templateI: GameBlockI = new GameBlockI();
        const expectedCoordnates = [[0,0], [1,0], [2,0], [3,0]];
        expect(templateI.coordinates).toEqual(expectedCoordnates);
    });

	PASS



Test  name: template.test.ts
Test  ID: 16

	Date: 
	Test  description
	Expected results
	Pass /Fail
	

	29-02-2020 
	When Templates Are initialised
	test("TemplateJ Should Have Correct Coordinates", () => {
        const templateJ: GameBlockJ = new GameBlockJ();
        const expectedCoordnates = [[0,0], [0,1], [1,1], [2,1]];
        expect(templateJ.coordinates).toEqual(expectedCoordnates);
    });

	PASS
	

	29-02-2020 
	When Templates Are initialised
	 test("TemplateL Should Have Correct Coordinates", () => {
        const templateL: GameBlockL = new GameBlockL();
        const expectedCoordnates = [[2,0], [0,1], [1,1], [2,1]];
        expect(templateL.coordinates).toEqual(expectedCoordnates);
    });
	PASS
	

	29-02-2020 
	When Templates Are initialised
	  test("TemplateS Should Have Correct Coordinates", () => {
        const templateS: GameBlockS = new GameBlockS();
          const expectedCoordnates = [[1,0], [1,0], [1,0], [1,1]];
        expect(templateS.coordinates).toEqual(expectedCoordnates);
    });
	FAIL
	const expectedCoordnates = [[1,0], [2,0], [0,1], [1,1]];

	29-02-2020 
	When Templates Are initialised
	 test("TemplateSquare Should Have Correct Coordinates", () => {
        const templateSquare: GameBlockSquare = new GameBlockSquare();
        const expectedCoordnates = [[0,0], [1,0], [0,1], [1,1]];
        expect(templateSquare.coordinates).toEqual(expectedCoordnates);
    });
	PASS
	

	29-02-2020 
	When Templates Are initialised
	  test("TemplateT Should Have Correct Coordinates", () => {
        const templateT: GameBlockT = new GameBlockT();
        const expectedCoordnates = [[1,0], [0,1], [1,1], [2,1]];
        expect(templateT.coordinates).toEqual(expectedCoordnates);
    });
	PASS
	

	29-02-2020 
	When Templates Are initialised
	 test("TemplateZ Should Have Correct Coordinates", () => {
        const templateZ: GameBlockZ = new GameBlockZ();
        const expectedCoordnates = [[1,0], [1,0], [1,1], [2,1]];
        expect(templateZ.coordinates).toEqual(expectedCoordnates);
    });
	FAIL
	const expectedCoordnates = [[0,0], [1,0], [1,1], [2,1]];



Test  name: cell.test.ts
Test  ID: 17

	Date: 
	Test  description
	Expected results
	Pass /Fail

	29-02-2020

	
	test ("Should Instantiate Cell With Coordinates", () => {
    const coordinates = new Coordinates(10, 10);
    const cell: Cell = new Cell(coordinates);

expect  (cell.boardCoordinates).toEqual(coordinates);
});

	PASS

	29-02-2020

	
	test ("Should Reset Cell", () => {
    const mockedBoardType = Board as Jest.Mock<Board>;
    const mockedTemplateType = GameBlockZ as Jest.Mock<GameBlockZ>;

    const coordinates = new Coordinates(10, 10);
    const cell: Cell = new Cell(coordinates);
    cell.isOccupied = true;
    cell.Tetromino = new Tetromino(new mockedBoardType(),    new mockedTemplateType(), "test ");
    cell.reset();

expect  (cell.Tetromino).toBeNull();
expect  (cell.isOccupied).toBeFalsy();

	
PASS



Test  name: Tetromino.test.ts
Test  ID: 18

	Date: 
	Test  description
	Expected results
	Pass /Fail

	29-02-2020 
	When Tetromino Is initialised.
	test  ("Should Set Fields Correctly", () => {
        const Tetromino = new Tetromino(new boardMock(), gameBlockZ, defaultcolour);

expect  (Tetromino.Colour).toEqual(defaultcolour);
expect  (Tetromino.Shape).toEqual(gameBlockZ.coordinates);
expect  (Tetromino.Board).not.toBeNull();

	PASS



Test  name: startgamescreen.test.ts
Test  ID: 19

	Date: 
	Test  description
	Expected results
	Pass /Fail

	29-02-2020 
	When StartGameScreen Is initialised.
	test ("Should Start The Game On Space Key", () => {

        document.body.innerHTML = "<canvas id=\"canvas\">";
        Canvas.init();
        Controls.init();
        const game = new Game();
        game.init();
        new StartGameScreen(game);
        const event = new KeyboardEvent("keyup",  { "code": Controls.SpaceKey});
        window.dispatchEvent(event);

expect  (game.IsPlaying).toBeTruthy();
});

	PASS

















Test  name: endgamescreen.test.ts
Test  ID: 20

	Date: 
	Test  description
	Expected results
	Pass /Fail

	29-02-2020 
	When EndGameScreen Is initialised.
	test ("Should Start The Game On Space Key", () => {

        document.body.innerHTML = "<canvas id=\"canvas\">";
        
        Canvas.init();
        Controls.init();
        const game = new Game();
        game.init();
        new EndGameScreen(game);
        const event = new KeyboardEvent("keyup",  { "code": Controls.SpaceKey});
        window.dispatchEvent(event);

expect  (game.IsPlaying).toBeTruthy();
});
	PASS

















Test  name: Tetromino.test.ts
Test  ID: 21

	29-02-2020 
	When Tetromino Is Updated.
	
test  ("Should Move Down If Can Move", () => {
        
        boardMock.prototype.canMoveDown = Jest.fn().mockImplementation(() => {
            return true;
        });

        const Tetromino = new Tetromino(new boardMock(), gameBlockZ, "Test ");
        const initialCoordinatesY = Tetromino.coordinates.y;
        Tetromino.update();

        expect (Tetromino.coordinates.y).toBeGreaterThan(initialCoordinatesY);

	PASS



Test  name: Tetromino.test.ts
Test  ID: 22

	29-02-2020

	When Tetromino Is Updated.
	test  ("Should Not Move Down If Cannot Move", () => {
        
        boardMock.prototype.canMoveDown = Jest.fn().mockImplementation(() => {
            return false;
        });
        const Tetromino = new Tetromino(new boardMock(), gameBlockZ, defaultcolour);
        const initialCoordinatesY = Tetromino.coordinates.y;
        Tetromino.update();

expect  (Tetromino.coordinates.y).toEqual(initialCoordinatesY);

	FAIL
	
Set this.stopped = true;
in tetrmino.ts




Test  name: Tetromino.test.ts
Test  ID: 23

	29-02-2020

	When Tetromino Is Moving Down.
	test ("Should Move Down When S Pressed And Can Move", () => {

          boardMock.prototype.canMoveDown = Jest.fn().mockImplementation(() => {
            return true;
        });
        const Tetromino = new Tetromino(new boardMock(), gameBlockZ, defaultcolour);
        const initialCoordinatesY = Tetromino.coordinates.y;
        const event = new KeyboardEvent("keydown",  { "code": Controls.SKey});
        window.dispatchEvent(event);

expect (Tetromino.coordinates.y).toBeGreaterThan(initialCoordinatesY);

	FAIL
	Init controls in test -     Controls.init();

	29-02-2020

	When Tetromino Is Moving Down.
	test ("Should Not Move Down When S Pressed And Cannot Move", () => {

        boardMock.prototype.canMoveDown = Jest.fn().mockImplementation(() => {
            return false;
        });

        const Tetromino = new Tetromino(new boardMock(), gameBlockZ, defaultcolour);
        const initialCoordinatesY = Tetromino.coordinates.y;

        const event = new KeyboardEvent("keydown",  { "code": Controls.SKey});
        window.dispatchEvent(event);

expect  (Tetromino.coordinates.y).toEqual(initialCoordinatesY);
expect  (Tetromino.Stopped).toBeTruthy();

	FAIL
	Init controls in test -     Controls.init();



Test  name: Tetromino.test.ts
Test  ID: 24

	29-02-2020 
	When Tetromino Is Moving Down.
	test ("Should Not Move Down When S Pressed And Cannot Move", () => {

        Controls.init();

        boardMock.prototype.canMoveDown = Jest.fn().mockImplementation(() => {
            return false;
        });

        const Tetromino = new Tetromino(new boardMock(), gameBlockZ, defaultcolour);
        const initialCoordinatesY = Tetromino.coordinates.y;

        const event = new KeyboardEvent("keydown",  { "code": Controls.SKey});
        window.dispatchEvent(event);

expect  (Tetromino.coordinates.y).toEqual(initialCoordinatesY);
expect  (Tetromino.Stopped).toBeTruthy();
	PASS



Test  name: Tetromino.test.ts
Test  ID: 25

	29-02-2020 
	When Tetromino Is Moving Left.
	test ("Should Move Left When A Pressed And Can Move", () => {

        boardMock.prototype.canMoveLeft = Jest.fn().mockImplementation(() => {
            return true;
        });

        const Tetromino = new Tetromino(new boardMock(), gameBlockZ, defaultcolour);
        const initialCoordinatesX = Tetromino.coordinates.x;

        const event = new KeyboardEvent("keydown",  { "code": Controls.AKey});
        window.dispatchEvent(event);

expect (Tetromino.coordinates.x).toBeLessThan(initialCoordinatesX);

	FAIL
	Init controls in test -     Controls.init();



Test  name: Tetromino.test.ts
Test  ID: 26

	29-02-2020 
	When Tetromino Is Moving Left.
	test ("Should Not Move Left When A Pressed And Cannot Move", () => {

        Controls.init();

        boardMock.prototype.canMoveLeft = Jest.fn().mockImplementation(() => {
            return false;
        });

        const Tetromino = new Tetromino(new boardMock(), gameBlockZ, defaultcolour);
        const initialCoordinatesX = Tetromino.coordinates.x;

        const event = new KeyboardEvent("keydown",  { "code": Controls.AKey});
        window.dispatchEvent(event);

expect (Tetromino.coordinates.x).toEqual(initialCoordinatesX);
expect (Tetromino.Stopped).toBeFalsy();

	PASS
















Test  name: Tetromino.test.ts
Test  ID: 27

	29-02-2020 
	When Tetromino Is Moving Right.
	test  ("Should Move Right When A Pressed And Can Move", () => {

        Controls.init();

        boardMock.prototype.canMoveLeft = Jest.fn().mockImplementation(() => {
            return true;
        });

        const Tetromino = new Tetromino(new boardMock(), gameBlockZ, defaultcolour);
        const initialCoordinatesX = Tetromino.coordinates.x;

        const event = new KeyboardEvent("keydown",  { "code": Controls.AKey});
        window.dispatchEvent(event);

        expect (Tetromino.coordinates.x).toBeLessThan(initialCoordinatesX);

	PASS
	

	29-02-2020 
	When Tetromino Is Moving Right.
	test  ("Should Not Move Left When A Pressed And Cannot Move", () => {

        boardMock.prototype.canMoveLeft = Jest.fn().mockImplementation(() => {
            return false;
        });

        const Tetromino = new Tetromino(new boardMock(), gameBlockZ, defaultcolour);
        const initialCoordinatesX = Tetromino.coordinates.x;

        const event = new KeyboardEvent("keydown",  { "code": Controls.AKey});
        window.dispatchEvent(event);

expect  (Tetromino.coordinates.x).toEqual(initialCoordinatesX);
expect  (Tetromino.Stopped).toBeFalsy();

	FAIL


















	Init controls in test -     Controls.init();




Test  name: Tetromino.test.ts
Test  ID: 28

	29-02-2020 
	When Tetromino Is Rotating.
	test  ("Should Rotate When E Pressed", () => {

        Controls.init();

        boardMock.prototype.canMoveLeft = Jest.fn().mockImplementation(() => {
            return true;
        });

        boardMock.prototype.canMoveRight = Jest.fn().mockImplementation(() => {
            return true;
        });

        boardMock.prototype.canMoveDown = Jest.fn().mockImplementation(() => {
            return true;
        });

        const Tetromino = new Tetromino(new boardMock(), gameBlockZ, defaultcolour);
        const initialShape = Tetromino.Shape;

        const event = new KeyboardEvent("keydown",  { "code": Controls.EKey});
        window.dispatchEvent(event);

expect  (Tetromino.Shape).not.toEqual(initialShape);

	


























Pass

	29-02-2020 
	When Tetromino Is Rotating.
	test  ("Should Not Rotate If Cannot Move Right", () => {

        Controls.init();

        boardMock.prototype.canMoveLeft = Jest.fn().mockImplementation(() => {
            return true;
        });

        boardMock.prototype.canMoveRight = Jest.fn().mockImplementation(() => {
            return false;
        });

        boardMock.prototype.canMoveDown = Jest.fn().mockImplementation(() => {
            return true;
        });

        const Tetromino = new Tetromino(new boardMock(), gameBlockZ, defaultcolour);
        const initialShape = Tetromino.Shape;

        const event = new KeyboardEvent("keydown",  { "code": Controls.EKey});
        window.dispatchEvent(event);

expect (Tetromino.Shape).toEqual(initialShape);

	


























Pass

	29-02-2020 
	When Tetromino Is Rotating.
	test  ("Should Not Rotate If Cannot Move Left", () => {

        Controls.init();

        boardMock.prototype.canMoveLeft = Jest.fn().mockImplementation(() => {
            return false;
        });

        boardMock.prototype.canMoveRight = Jest.fn().mockImplementation(() => {
            return true;
        });

        boardMock.prototype.canMoveDown = Jest.fn().mockImplementation(() => {
            return true;
        });

        const Tetromino = new Tetromino(new boardMock(), gameBlockZ, defaultcolour);
        const initialShape = Tetromino.Shape;

        const event = new KeyboardEvent("keydown",  { "code": Controls.EKey});
        window.dispatchEvent(event);

expect (Tetromino.Shape).toEqual(initialShape);

	


























Pass

	29-02-2020 
	When Tetromino Is Rotating.
	test  ("Should Not Rotate If Cannot Move Down", () => {

        Controls.init();

        boardMock.prototype.canMoveLeft = Jest.fn().mockImplementation(() => {
            return true;
        });

        boardMock.prototype.canMoveRight = Jest.fn().mockImplementation(() => {
            return true;
        });

        boardMock.prototype.canMoveDown = Jest.fn().mockImplementation(() => {
            return false;
        });

        const Tetromino = new Tetromino(new boardMock(), gameBlockZ, defaultcolour);
        const initialShape = Tetromino.Shape;

        const event = new KeyboardEvent("keydown",  { "code": Controls.EKey});
        window.dispatchEvent(event);

expect (Tetromino.Shape).toEqual(initialShape);

	


























Pass



Test  name: board.test.ts
Test  ID: 29

	Date: 
	Test  description
	Expected results
	Pass /Fail
	

	29-02-2020

	When Board Is initialised.

	test  ("Should initialise Correctly", () => {
        const board = new Board(new mockedGameType());

expect (board.Grid).toHaveLength(12);
expect (board.Grid[0]).toBeEqual(20);
expect (TetrominoGenerator).toHaveBeenCalledTimes(1);

	FAIL
	Changed in test
expect (board.Grid[0]).toHaveLength(20);



Test  name: board.test.ts
Test  ID: 30

	Date: 
	Test  description
	Expected results
	Pass /Fail

	29-02-2020 
	When Board Is Resetted.
	test  ("Should Generate Tetromino", () => {
        const mockedGenerator = TetrominoGenerator as Jest.Mock<TetrominoGenerator>;

        const mockedGenerate = Jest.fn();
        mockedGenerator.mockImplementation(mockedGenerate);

        const board = new Board(new mockedGameType());
        board.reset();

        expect (mockedGenerate).toHaveBeenCalledTimes(1);
    });

test  ("Should Reset Grid", () => {
        const board = new Board(new mockedGameType());
        board.reset();

        const gridElement = board.Grid[0][0];

 expect (gridElement.isOccupied).toBeFalsy();
 expect (gridElement.Tetromino).toBeNull();

	PASS



Test  name: board.test.ts
Test  ID: 31

	Date: 
	Test  description
	Expected results
	
	Pass /Fail

	29-02-2020

	When Board Is Checked To Move Down 
	
test("Should Allow Move Down", () => {
        const mockedTetromino = Tetromino as Jest.Mock<Tetromino>;

        const board = new Board(new mockedGameType());
        const canMoveDown = board.canMoveDown(new mockedTetromino(), 10, 10);

        expect(canMoveDown).toBeTruthy();
    });

    test("Should Not Allow To Move Down When Cell Is Null", () => {
        const mockedTetromino = Tetromino as Jest.Mock<Tetromino>;

        const board = new Board(new mockedGameType());
        const canMoveDown = board.canMoveDown(new mockedTetromino(), 100, 100);

        expect(canMoveDown).toBeFalsy();
    });

    test("Should Not Allow To Move Down When Cell Is Occupied", () => {
        const mockedTetromino = Tetromino as Jest.Mock<Tetromino>;

        const board = new Board(new mockedGameType());
        board.Grid[10][10].isOccupied = true;

        const canMoveDown = board.canMoveDown(new mockedTetromino(), 10, 10);

        expect(canMoveDown).toBeFalsy();
    });

    test("Should Not Allow To Move Down When More Then Height", () => {
        const mockedTetromino = Tetromino as Jest.Mock<Tetromino>;

        const board = new Board(new mockedGameType());
        board.Grid[10][10].boardCoordinates = new Coordinates(0, 590);

        const canMoveDown = board.canMoveDown(new mockedTetromino(), 10, 10);

        expect(canMoveDown).toBeFalsy();
    });
	PASS
PASS
PASS
FAIL
	Changed coordinates in test

board.Grid[10][10].boardCoordinates = new Coordinates(0, 640);



Test  name: board.test.ts
Test  ID: 32

	29-02-2020 
	When Board Is Checked To Move Left.

	test("Should Allow Move Left", () => {
        const mockedTetromino = Tetromino as Jest.Mock<Tetromino>;

        const board = new Board(new mockedGameType());
        const canMoveLeft = board.canMoveLeft(new mockedTetromino(), 10, 10);

        expect(canMoveLeft).toBeTruthy();
    });

    test("Should Not Allow To Move Left When Cell Is Null", () => {
        const mockedTetromino = Tetromino as Jest.Mock<Tetromino>;

        const board = new Board(new mockedGameType());
        const canMoveLeft = board.canMoveLeft(new mockedTetromino(), 100, 100);

        expect(canMoveLeft).toBeFalsy();
    });

    test("Should Not Allow To Move Left When Cell Is Occupied", () => {
        const mockedTetromino = Tetromino as Jest.Mock<Tetromino>;

        const board = new Board(new mockedGameType());
        board.Grid[10][10].isOccupied = true;

        const canMoveLeft = board.canMoveLeft(new mockedTetromino(), 10, 10);

        expect(canMoveLeft).toBeFalsy();
    });

    test("Should Not Allow To Move Left When Less Then 0", () => {
        const mockedTetromino = Tetromino as Jest.Mock<Tetromino>;

        const board = new Board(new mockedGameType());
        board.Grid[0][0].boardCoordinates = new Coordinates(0, 0);

        const canMoveLeft = board.canMoveLeft(new mockedTetromino(), 0, 0);

        expect(canMoveLeft).toBeFalsy();
    });

	PASS
PASS
PASS
PASS









Test  name: board.test.ts
Test  ID: 33

	29-02-2020

	When Board Is Checked To Move Right.
	test("Should Allow Move Right", () => {
        const mockedTetromino = Tetromino as Jest.Mock<Tetromino>;

        const board = new Board(new mockedGameType());
        const canMoveRight = board.canMoveRight(new mockedTetromino(), 10, 10);

        expect(canMoveRight).toBeTruthy();
    });

    test("Should Not Allow To Move Right When Cell Is Null", () => {
        const mockedTetromino = Tetromino as Jest.Mock<Tetromino>;

        const board = new Board(new mockedGameType());
        const canMoveRight = board.canMoveRight(new mockedTetromino(), 100, 100);

        expect(canMoveRight).toBeFalsy();
    });

    test("Should Not Allow To Move Right When Cell Is Occupied", () => {
        const mockedTetromino = Tetromino as Jest.Mock<Tetromino>;

        const board = new Board(new mockedGameType());
        board.Grid[10][10].isOccupied = true;

        const canMoveRight = board.canMoveRight(new mockedTetromino(), 10, 10);

        expect(canMoveRight).toBeFalsy();
    });

    test("Should Not Allow To Move Right When More Then Width", () => {
        const mockedTetromino = Tetromino as Jest.Mock<Tetromino>;

        const board = new Board(new mockedGameType());
        board.Grid[0][0].boardCoordinates = new Coordinates(600, 0);

        const canMoveRight = board.canMoveRight(new mockedTetromino(), 0, 0);

        expect(canMoveRight).toBeFalsy();
    });
	PASS
PASS
PASS
FAIL
	Changed coordinates in test
   board.Grid[0][0].boardCoordinates = new Coordinates(580, 0);



Test  name: board.test.ts
Test  ID: 34

	Date: 
	Test  description
	Expected results
	Pass /Fail

	29-02-2020 
	When Board Is Checked To Move Right.

	  test("Should Not Allow To Move Right When More Then Width", () => {
        const mockedTetromino = Tetromino as Jest.Mock<Tetromino>;

        const board = new Board(new mockedGameType());
        board.Grid[0][0].boardCoordinates = new Coordinates(580, 0);

        const canMoveRight = board.canMoveRight(new mockedTetromino(), 0, 0);

        expect(canMoveRight).toBeFalsy();
    });
	PASS



Test  name: canvas.test.ts
Test  ID: 35

	Date: 
	Test  description
	Expected results
	Pass /Fail

	29-02-2020 
	When Canvas Is initialised.
	test  ("Should initialise singleton instance", () => {
    
expect (Canvas.instance).not.toBeNull();

	

Pass



[bookmark: _Toc38844991]APPENDIX B - ROVER UNIT TEST CASES

Test name: application.test.ts
Test ID: 1

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	04-03-2020
 
	When application is run.
	test("should instantiate new game", () => {
        new Application();
        expect(Game).toHaveBeenCalled();
    });
	FAIL
	  public run(): void {
       this.game = new Game();
     }



Test name: application.test.ts
Test ID: 2

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	04-03-2020

	When application is instantiated.
	test("should instantiate new game", () => {
        new Application();
        expect(Game).toHaveBeenCalled();
    });
	FAIL
	constructor() {
        this.game = new Game();

	
	When application is run.
	 test("should run game", () => {

       const mockedGameType = Game as Jest.Mock<Game>;
        const mockedGameRun = Jest.fn();
        mockedGameType.mockImplementation(() => {
            return  {
                run: mockedGameRun
            };
        });

        const application = new Application();
        application.run();

        expect(mockedGameRun).toHaveBeenCalledTimes(1);
    });
	FAIL
	  public run(): void {
      this.game.run();
   }



Test name: game.test.ts
Test ID: 3

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	04-03-2020 
	When game is instantiated.
	 test("should instantiate new game board", () => {
        new Game();
 expect(GameBoard).toHaveBeenCalledTimes(1);
    });
	FAIL
	constructor() {
        this.gameBoard = new GameBoard();
    }



Test name: application.test.ts
Test ID: 4

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	
	When application is run 
	test("should run game", () => {
 
     const mockedGameType = Game as Jest.Mock<Game>;
         const mockedGameRun = Jest.fn();
        mockedGameType.mockImplementation(() => {
           return  {

        Jest.mock("./game", () => {
            const originalModule = Jest.requireActual("./game");

           return {
                ...originalModule,
                 run: mockedGameRun
            };
              };

         });
 
       // const mockedGameType = Game as Jest.Mock<Game>;

        // const mockedObject = {
       //     run: mockedGameRun
       // };

        // mockedGameType.mockImplementation(() => {
        //     return  {
        //         gameBoard: new GameBoard(),
        //         run: mockedGameRun
        //     };
        // });

         const application = new Application();
         application.run();
        expect(mockedGameRun).toHaveBeenCalledTimes(1);
    });
	FAIL
	const mockedGameRun = Jest.fn();
       const mockedGameType = Game as Jest.Mock<Game>;
      mockedGameType.mockImplementation(() => {
            return  {
               gameBoard: new GameBoard(),
                 run: mockedGameRun

            } as Game;
         });



Test name: game.test.ts
Test ID: 5

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	04-03-2020 
	when game is instantiated
	 test("should instantiate new update Timer", () => {
        new Game();
        
        expect(Timer).toHaveBeenCalledTimes(1);
    });
	FAIL
	    constructor() {
         this.gameBoard = new GameBoard();
        this.Timer = new Timer();
     }



Test name: rect.test.ts
Test ID: 6

	Date: 
	Test description
	Expected results
	Pass /Fail

	04-03-2020 
	When rect is instantiated.
	    test("should have correct values", () => {
        const rect = new Rect(5, 5, 100, 200);
       expect(rect.x).toEqual(5);
        expect(rect.y).toEqual(5);
        expect(rect.width).toEqual(100);
        expect(rect.height).toEqual(200);
    });
    });
	PASS



Test name: game.test.ts
Test ID: 7

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	04-03-2020 
	When game is instantiated.
	   test("should instantiate canvas singleton instance", () => {
      expect(Canvas.instance).not.toBeUndefined();
        expect(Canvas.instance).not.toBeNull();
    });
	FAIL
	     beforeEach(() => {
         Jest.clearAllMocks();
        document.body.innerHTML = "<canvas id=\"canvas\">";
         new Game();
     });

Canvas.init();





Test name: Timer.test.ts
Test ID: 8

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	04-03-2020 
	When Timer is started.
	    test("should call callback on Timeout", () => {

        const mockedCallback = Jest.fn();
       const Timer = new Timer(mockedCallback);
        Timer.start();

        Jest.useFakeTimers();
        Jest.runAllTimers();

        expect(mockedCallback).toHaveBeenCalled();
    });
	FAIL
	Jest.useFakeTimers();
 
         const mockedCallback = Jest.fn();
         const Timer = new Timer(mockedCallback);
         Timer.start();
      Jest.advanceTimersByTime(100);
 



Test name: canvas.test.ts
Test ID: 9

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	04-03-2020  
	When canvas is initialised.
	    test("should initialise singleton instance", () => {
        Canvas.init();

        expect(Canvas.instance).not.toBeNull();
   });
	FAIL
	 document.body.innerHTML = "<canvas id=\"canvas\">";
 



Test name: game.test.ts
Test ID: 10

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	04-03-2020 
	When game is run.
	 test("should start Timer", () => {

const mockedTimerStart = Jest.fn();
Jest.fn<Partial<Timer>, []>(() => ({
            start: mockedTimerStart
        }));
        const game = new Game();
       game.run();
       expect(mockedTimerStart).toHaveBeenCalledTimes(1);
    });
	FAIL
	 beforeEach(() => {
        Jest.clearAllMocks();      document.body.innerHTML = "<canvas id=\"canvas\">";
   });
        const mockedTimer = Jest.fn<Partial<Timer>, []>(() => ({
             start: mockedTimerStart
         }));
const game = new Game(new mockedTimer() as Timer);
 game.run();



Test name: game.test.ts
Test ID: 11

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	04-03-2020 
	When game is run
	    test("and Timer is elapsed should update board", () => {

        const mockBoardUpdate = Jest.fn();
        const mockedGameBoardType = GameBoard as Jest.Mock<GameBoard>;
        mockedGameBoardType.prototype.update = mockBoardUpdate;
        const mockedGameBoard = new mockedGameBoardType();
        mockedGameBoardType.mockImplementation(() => {
            return mockedGameBoard;
        });
        Jest.useFakeTimers();

       game.run();

        Jest.advanceTimersByTime(100);  
     expect(mockBoardUpdate).toHaveBeenCalledTimes(1);
   });
	FAIL
	       const mockBoardUpdate = Jest.fn();
     const mockedGameBoardType = GameBoard as Jest.Mock<GameBoard>;
        mockedGameBoardType.prototype.update = mockBoardUpdate;
        const mockedGameBoard = new mockedGameBoardType();
       mockedGameBoardType.mockImplementation(() => {
            return mockedGameBoard;
        });

        Jest.useFakeTimers();

        game = new Game();
        game.run();
       Jest.advanceTimersByTime(100);
        expect(mockBoardUpdate).toHaveBeenCalledTimes(1);
 



Test name: game.test.ts
Test ID: 12

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	03-04-2020 
	When game is instantiated.
	              test("should instantiate new Rover", () => {
     expect(Rover).toHaveBeenCalledTimes(1);
});
	FAIL
	       this.Rover = new Rover();



Test name: game.test.ts
Test ID: 13

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	05-03-2020 
	When game is run.
	             test("and Timer is elapsed should update Rover", () => {

      const mockRoverUpdate = Jest.fn();
       const mockedRoverType = Rover as Jest.Mock<Rover>;
        mockedRoverType.prototype.update = mockRoverUpdate;
        const mockedRover = new mockedRoverType();

        mockedRoverType.mockImplementation(() => {
            return mockedRover;
        });
        Jest.useFakeTimers();

        game = new Game();
        game.run();

        Jest.advanceTimersByTime(100);

        expect(mockRoverUpdate).toHaveBeenCalledTimes(1);
    });
	FAIL
	  Jest.mock("./Rover");



Test name: gameboard.test.ts
Test ID: 14

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	05-03-2020  
	W.hen board is initialised
	     test("should fill grid", () => {
      const gameBoard = new GameBoard();
       expect(gameBoard.Grid).toHaveLength(20);
   });
	FAIL
	    private height = 800;
 
   private lineWidth = 5;
  private cellSize = 40;
 
   private horizontalCells: number;
   private verticalCells: number;

export class GameBoard extends GameObject {
     this.grid = [...Array(this.horizontalCells)].map(e =>
       Array(this.verticalCells).fill(0)
     );
     for (let x = 0; x < this.horizontalCells; x++) {
       for (let y = 0; y < this.verticalCells; y++) {
         this.grid[x][y] = [x][y];



Test name: controls.test.ts
Test ID: 15

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	05-03-2020 
	When controls initialised.
	      test("should add listener for key down", () => {

       const mockedKey = Jest.fn();

        Controls.init();
        Controls.onKeyReleased(mockedKey);

        const event = new KeyboardEvent("keydown",  { "code": Controls.SpaceKey});
        window.dispatchEvent(event);

        expect(mockedKey).toBeCalledTimes(1);
   });
	FAIL
	this.keyReleasedCallbacks.forEach(c => c(key));
     };

 public static onKeyReleased(handler: (key: string) => void): void {
 this.keyReleasedCallbacks.push(handler);
   }



Test name: Rover.test.ts
Test ID: 16

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	05-03-2020 
	When Rover is rotated.
	   test("and facing north should face west", () => {
        const Rover = new Rover();
        Rover.rotate();
 expect(Rover.Direction).toEqual(DirectionType.West);
   });
	FAIL
	 this.direction = this.direction.getNextDirection();



Test name: Rover.test.ts
Test ID: 17

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	05-03-2020 
	When getting next direction.
	     test("should return west if facing north", () => {
        const direction = new Direction(DirectionType.North);
        const nextDirection = direction.getNextDirection();
       expect(nextDirection.CurrentDirection).toEqual(DirectionType.West);
   });
	FAIL
	   public getNextDirection(): Direction {
  return new Direction(this.directionMap.get(this.currentDirection));
   }



Test name: Rover.test.ts
Test ID: 18

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	05-03-2020  
	When getting next direction.
	       test("should return south if facing west", () => {
       const direction = new Direction(DirectionType.West);
        const nextDirection = direction.getNextDirection();
       expect(nextDirection.CurrentDirection).toEqual(DirectionType.South);
    });

    test("should return east if facing south", () => {
        const direction = new Direction(DirectionType.South);
        const nextDirection = direction.getNextDirection();
        expect(nextDirection.CurrentDirection).toEqual(DirectionType.East);
    });
    test("should return north if facing east", () => {
        const direction = new Direction(DirectionType.East);
        const nextDirection = direction.getNextDirection();
      expect(nextDirection.CurrentDirection).toEqual(DirectionType.North);
   });
	PASS
PASS
PASS
	 



Test name: position.test.ts
Test ID: 19

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	05-03-2020 
	When position is instantiated.
	 test("should set correct values", () => {
        const position = new Position(20, 20);
        expect(position.x).toEqual(20);
+       expect(position.y).toEqual(20);
    });;
	PASS
	   



Test name: Rover.test.ts
Test ID: 20

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	05-03-2020 
	When Rover is moved.
	    test("and facing west should move tp the left", () => {
        const Rover = new Rover();
        const currentPosX = Rover.Position.x;
        
        Rover.move();

       expect(Rover.Position.x).toEqual(currentPosX+1);
    });
	FAIL
	          expect(Rover.Position.x).toEqual(currentPosX + 1);

 this.position = new Position(this.position.x + 1, this.position.y);

	
	When Rover is initialised.
	 expect(Rover.Direction.CurrentDirection).toEqual(DirectionType.North);
	PASS
	

	
	When Rover is initialised.
	    test("should be at 0,0", () => {
        const Rover = new Rover();

        expect(Rover.Position.x).toEqual(0);
        expect(Rover.Position.y).toEqual(0);
    });
	PASS
	



Test name: game.test.ts
Test ID: 21

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	05-03-2020 
	When game is instantiated.
	    test("should initialise controls", () => {
        
        const fakeEvent = new KeyboardEvent("keydown",  { "code": Controls.SpaceKey});
        window.dispatchEvent(fakeEvent);

       const mockHandler = Jest.fn();
        Controls.onKeyReleased(mockHandler);

        expect(mockHandler).toHaveBeenCalled();
    });
	FAIL
	    const fakeEvent = new KeyboardEvent("keydown",  { "code": Controls.SpaceKey});
      window.dispatchEvent(fakeEvent);

Controls.init();



Test name: game.test.ts
Test ID: 22

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	06-03-2020 
	When game is instantiated.
	       test("should add listener to rotate Rover on E key", () => {
        
        const mockRotate = Jest.fn();

        const mockedRoverType = Rover as Jest.Mock<Rover>;
        mockedRoverType.prototype.rotate = mockRotate;

       const mockedRover = new mockedRoverType();
        mockedRoverType.mockImplementation(() => {
            return mockedRover;
       });

       const fakeEvent = new KeyboardEvent("keydown",  { "code": Controls.EKey});
        window.dispatchEvent(fakeEvent);

        expect(mockRotate).toHaveBeenCalled();    });
	FAIL
	 Controls.onKeyReleased((key: string) => {
            this.Rover.rotate();
      });



Test name: game.test.ts
Test ID: 23

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	06-03-2020 
	When game is instantiated.
	          test("should add listener to move Rover on Space key", () => {
        
        const mockMove = Jest.fn();

        const mockedRoverType = Rover as Jest.Mock<Rover>;
        mockedRoverType.prototype.rotate = mockMove;

        const mockedRover = new mockedRoverType();
       mockedRoverType.mockImplementation(() => {
           return mockedRover;
        });

        new Game();

        const fakeEvent = new KeyboardEvent("keydown",  { "code": Controls.SpaceKey});
        window.dispatchEvent(fakeEvent);
       expect(mockMove).toHaveBeenCalledTimes(1);
     });
	FAIL
	     Controls.onKeyReleased((key: string) => {
       if (key == Controls.EKey) {
         this.Rover.rotate();
      } 
     if (key == Controls.SpaceKey) {
         this.Rover.move();
       }



Test name: Rover.test.ts
Test ID: 23

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	06-03-2020  
	When Rover is moved.
	     test("and facing south should move down", () => {
        const Rover = new Rover();
       Rover.setDirection(DirectionType.South);
        const currentPosY = Rover.Position.y;
       Rover.move();
       expect(Rover.Position.y).toEqual(currentPosY + 1);
    });
	FAIL
	     const offset = this.direction.getOffset();
  this.position = new Position(this.position.x + offset.x, this.position.y + offset.y);



Test name: direction.test.ts
Test ID: 24

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	06-03-2020
 
	When getting offset.
	          test("should return -1 by Y if facing north", () => {
       const direction = new Direction(DirectionType.North);        const offset = direction.getOffset();
       expect(offset.x).toEqual(0);        expect(offset.y).toEqual(-1);
  });
  test("should return 1 by Y if facing south", () => {
        const direction = new Direction(DirectionType.South);
        const offset = direction.getOffset();

       expect(offset.x).toEqual(0);
        expect(offset.y).toEqual(1);
   });
    test("should return 1 by X if facing west", () => {
        const direction = new Direction(DirectionType.West);
        const offset = direction.getOffset();
        expect(offset.x).toEqual(1);
        expect(offset.y).toEqual(0);
    });
    test("should return -1 by X if facing east", () => {
        const direction = new Direction(DirectionType.East);
       const offset = direction.getOffset();
       expect(offset.x).toEqual(-1);        expect(offset.y).toEqual(0);    });
	PASS
PASS
PASS
PASS
	  



Test name: Rover.test.ts
Test ID: 25

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	07-03-2020  
	When Rover is moved.
	  +    test("and facing south north move up", () => {
        const Rover = new Rover();
        Rover.setDirection(DirectionType.South);
        const currentPosY = Rover.Position.y;

        Rover.move();

       expect(Rover.Position.y).toEqual(currentPosY - 1);
    });
	FAIL
	Rover.setDirection(DirectionType.North);

	07-03-2020 
	When Rover is moved.
	 test("and facing east should move left", () => {
       const Rover = new Rover();
        Rover.setDirection(DirectionType.East);

        const currentPosX = Rover.Position.x;

        Rover.move();

       expect(Rover.Position.x).toEqual(currentPosX - 1);
    });
	PASS
	



Test name: Rover.test.ts
Test ID: 26

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	07-03-2020 
	When Rover is moved near border.
	 test("and facing north should appear at bottom", () => {
        const Rover = new Rover();
       Rover.setDirection(DirectionType.North);

       Rover.move();

        expect(Rover.Position.y).toEqual(19);
    });
	FAIL
	   const newPosition = new Position(this.position.x + offset.x, this.position.y + offset.y);
   this.position = this.gameBoard.getNextPosition(newPosition);



Test name: gameboard.test.ts
Test ID: 27

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	07-03-2020 
	When getting next position.
	    test("and position is outside Y on top should return bottom", () => {
       const gameBoard = new GameBoard();
        const position = new Position(0, 0);
        const nextPosition = gameBoard.getNextPosition(position);

        expect(nextPosition.y).toEqual(gameBoard.Grid[0].length - 1);
    });
	PASS
	



Test name: gameboard.test.ts
Test ID: 28

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	07-03-2020

	When getting next position.
	     test("and position is outside Y on bottom should return 0", () => {
        const yLength = gameBoard.Grid[0].length - 1;
        const position = new Position(0, yLength + 1);
        const nextPosition = gameBoard.getNextPosition(position);

        expect(nextPosition.y).toEqual(0);
    });
	FAIL
	   public getNextPosition(position: Position): Position {
-    return new Position(0, this.horizontalCells - 1);
    let posY = 0;
    if(position.y > this.horizontalCells - 1) {
      posY = 0;
    }

    if(position.y < 0) {
     posY = this.horizontalCells - 1;
   }
    return new Position(0, posY);
   }



Test name: gameboard.test.ts
Test ID: 29

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	07-03-2020 
	When getting next position.
	      test("and position is less then 0 should return right", () => {
        const position = new Position(-1, 0);
       const nextPosition = gameBoard.getNextPosition(position);
       expect(nextPosition.x).toEqual(gameBoard.Grid.length - 1);
    });
	FAIL
	   if(posX < 0) {      posX = this.horizontalCells - 1;

	
	When getting next position.
	    test("and position is more then X should return 0", () => {
        const xLength = gameBoard.Grid.length - 1;
       const position = new Position(xLength + 1, 0);
        const nextPosition = gameBoard.getNextPosition(position);

        expect(nextPosition.x).toEqual(0);
    });
	FAIL
	    if(position.x > this.horizontalCells - 1) {
     posX = 0;    }



Test name: obstaclesgenerator.test.ts
Test ID: 30

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	08-03-2020  
	When generating bonuses.
	    test("should generate obstacles", () => {
        const obstaclesGenerator = new ObstaclesGenerator();
       const obstacles = obstaclesGenerator.generate();

        expect(obstacles).toHaveLength(10);
    });
	FAIL

	   private obstacles = 10;
     public generate(): Obstacle[] {

        const result: Obstacle[] = [];
       for (let i = 0; i < this.obstacles; i++) {
            result.push(new Obstacle());
        }
       return result;



Test name: obstaclesgenerator.test.ts
Test ID: 31

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	08-03-2020  
	When generating bonuses.
	   test("generated obstacle should have random position", () => {
       const obstaclesGenerator = new ObstaclesGenerator();
       const obstacles = obstaclesGenerator.generate();

     const obstacle = obstacles[0];
      expect(obstacle.Position.x).toBeLessThan(10);        expect(obstacle.Position.x).toBeGreaterThanOrEqual(0);
   });
	FAIL

	     public generate(): Obstacle[] {
         const result: Obstacle[] = [];
         for (let i = 0; i < this.obstacles; i++) {
           const randomNumberX = Math.floor(Math.random() * 19);
           const randomNumberY = Math.floor(Math.random() * 19);

           result.push(new Obstacle(new Position(randomNumberX, randomNumberY)));
         }
         return result;
     }



Test name: gameboard.test.ts
Test ID: 32

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	07-03-2020

	When board is initialised.
	      test("should generate obstacles", () => {
        const gameBoard = new GameBoard();
      expect(gameBoard.Obstacles).toHaveLength(10);
    });
	FAIL
	  private generateObstacles(): void {
    const obstaclesGenerator = new ObstaclesGenerator();
   this.obstacles.push(...obstaclesGenerator.generate(this.horizontalCells, this.verticalCells));
  }
    return new Position(0, posY);
   }



Test name: gameboard.test.ts
Test ID: 33

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	09-03-2020
	When checking if can move.
	    test("and near obstacle should not allo to move", () => {
        const obstacle = new Obstacle(new Position(0, 10));
        const gameBoard = new GameBoard();
       gameBoard.Obstacles.push(obstacle);

       const position = new Position(0, 10);
        const canMove = gameBoard.canMoveToPosition(position);
       expect(canMove).toBeFalsy();
    });
	PASS
	  



Test name: gameboard.test.ts
Test ID: 34

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	09-03-2020

	When checking if can move.
	      test("and not near obstacle should allow to move", () => {
        const obstacle = new Obstacle(new Position(0, 5));
        const gameBoard = new GameBoard();
        gameBoard.Obstacles.push(obstacle);
        const position = new Position(0, 10);
        const canMove = gameBoard.canMoveToPosition(position);
        expect(canMove).toBeTruthy();
    });
	FAIL
	       public canMoveToPosition(position: Position): boolean {

    const obstacleInPosition = this.obstacles.find(x => x.Position.x == position.x && x.Position.y == position.y);
   if(obstacleInPosition != null) {
      return false;
    }
   return true;
   }



Test name: gameboard.test.ts
Test ID: 35

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	09-03-2020 
	When board is initialised.
	    test("should generate bonuses", () => {
       const gameBoard = new GameBoard();
       expect(gameBoard.Bonuses).toHaveLength(2);
    });
	FAIL
	    private generateBonuses(): void {

    const bonusesGenerator = new BonusesGenerator();
    this.bonuses.push(...bonusesGenerator.generate(this.horizontalCells, this.verticalCells));
   }



Test name: bonusgenerator.test.ts
Test ID: 36

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	09-03-2020 
	When generating bonuses.
	    test("should generate 2 bonuses", () => {    
    const bonusesgenerator = new BonusesGenerator();
        const bonuses = bonusesgenerator.generate([]);

       expect(bonuses).toHaveLength(2);    });
	FAIL
	   public generate(gridSizeX: number, gridSizeY: number): Bonus[] {
       const pos1 = this.generateRandomPosition(gridSizeX, gridSizeY);
       const pos2 = this.generateRandomPosition(gridSizeX, gridSizeY);

        const bonus1 = new Bonus(pos1);
        const bonus2 = new Bonus(pos2);
       
       return [bonus1, bonus2];
    }

    private generateRandomPosition(gridSizeX: number, gridSizeY: number): Position {
        const randomNumberX = Math.floor(Math.random() * gridSizeX - 1);
        const randomNumberY = Math.floor(Math.random() * gridSizeY - 1);

        return new Position(randomNumberX, randomNumberY);
     }



Test name: Rover.test.ts
Test ID: 37

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	09-03-2020  
	When Rover is moved near obstacle.
	      test("should not move when facing obstacle", () => {

       Rover.setDirection(DirectionType.South);
        Rover.setPosition(new Position(10, 9));
        const pos = Rover.Position;
        Rover.move();

       expect(Rover.Position.x).toEqual(pos.x);
        expect(Rover.Position.y).toEqual(pos.y);
    });
	FAIL
	   if(this.gameBoard.canMoveToPosition(newPosition)) {
      this.position = this.gameBoard.getNextPosition(newPosition);
    }



Test name: gameboard.test.ts
Test ID: 38

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	09-03-2020

	When checking if Rover is touching bonus.
	         test("should not regenerate bonuses", () => {
       const bonus = new Bonus(new Position(0, 5));
        const gameBoard = new GameBoard();
        gameBoard.Bonuses.push(bonus);

       const position = new Position(0, 10);
        gameBoard.checkBonuses(position);

       expect(gameBoard.Bonuses).toHaveLength(1);
    });
	FAIL
	     const bonusInPosition = this.bonuses.find(x => x.Position.x == position.x && x.Position.y == position.y);
    if(bonusInPosition != null) {
      this.bonuses = [];
      this.bonuses.push(...this.bonusesGenerator.generate(this.horizontalCells, this.verticalCells));
    }
    }



Test name: gameboard.test.ts
Test ID: 39

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	09-03-2020 
	When checking if Rover is touching bonus.
	        test("should regenerate bonuses", () => {
       const bonus = new Bonus(new Position(0, 5));
        const gameBoard = new GameBoard();
        gameBoard.Bonuses.push(bonus);

       const position = new Position(0, 10);        gameBoard.checkBonuses(position);
      expect(gameBoard.Bonuses).toHaveLength(2);
    });
	FAIL
	    beforeEach(() => {
        Jest.clearAllMocks();
        document.body.innerHTML = "<canvas id=\"canvas\">";
    });

	
	When checking if Rover is touching bonus.
	   test("and bonus is a bomb should end game", () => {
        const game = new Game();
        const gameBoard = new GameBoard(game);
        const bonus = new Bonus(new Position(0, 5));
        bonus.setAsBomb();

        gameBoard.Bonuses.push(bonus);

        const position = new Position(0, 5);
       gameBoard.checkBonusInPosition(position);

        expect(game.IsRunning).toBeFalsy();
    });
	FAIL
	beforeEach(() => {
        Jest.clearAllMocks();
        document.body.innerHTML = "<canvas id=\"canvas\">";
    });



Test name: game.test.ts
Test ID: 40

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	10-03-2020 
	When game is run.
	    test("should set to running", () => {
       game = new Game();
        game.run();
        expect(game.IsRunning).toBeTruthy();
    });
	FAIL
	this.isRunning = true;



Test name: gameboard.test.ts
Test ID: 41

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	10-03-2020 
	When checking if Rover is touching bonus.
	         test("should not regenerate bonuses", () => {
         const bonus = new Bonus(new Position(0, 5));
       const gameBoard = new GameBoard(new Game());
         gameBoard.Bonuses.push(bonus);
 
         const position = new Position(0, 10);
        gameBoard.checkBonusInPosition(position);
 
   expect(gameBoard.Bonuses).toHaveLength(1);
     });
	FAIL
	         const position = new Position(0, 10);
         gameBoard.checkBonusInPosition(position);




Test name: game.test.ts
Test ID: 42

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	10-03-2020

	When game is run.
	     test("should instantiate new legend", () => {
        new Game();
        expect(Legend).toHaveBeenCalledTimes(1);
   });
	FAIL
	 this.legend = new Legend();



Test name: game.test.ts
Test ID: 43

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	10-03-2020

	When increasing score.
	   test("should increase score by value", () => {
        const game = new Game();
        game.increaseScoreBy(10);
        expect(game.Score).toEqual(10);
    });
	FAIL
	   public increaseScoreBy(score: number): void {
      this.score += score;
   }



Test name: game.test.ts
Test ID: 44

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	10-03-2020 
	When increasing score.
	     test("should increase legend score by value", () => {
        const mockLegendScore = Jest.fn();

        const mockedLegendType = Legend as Jest.Mock<Legend>;
     mockedLegendType.prototype.start = mockLegendScore;
       const mockedLegend = new mockedLegendType();

        mockedLegendType.mockImplementation(() => {
            return mockedLegend;
        });

        const game = new Game();
        game.increaseScoreBy(10);

        expect(mockLegendScore).toHaveBeenCalledTimes(1);
+    });
	FAIL
	     public increaseScoreBy(score: number): void {
        this.score += score;
    }




Test name: startgamescreen.test.ts
Test ID: 45

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	10-03-2020

	When startgamescreen is initialised.
	test("should start game on space key pressed", () => {

       document.body.innerHTML = "<canvas id=\"canvas\">";
       const game = new Game();

       const event = new KeyboardEvent("keyDown",  { "code": Controls.SpaceKey});
        window.dispatchEvent(event);
        expect(game.IsRunning).toBeTruthy();
    });
	FAIL
	const event = new KeyboardEvent("keydown",  { "code": Controls.SpaceKey});
         window.dispatchEvent(event);
         expect(game.IsRunning).toBeTruthy();



Test name: application.test.ts
Test ID: 46

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	10-03-2020 
	When application is instantiated
	test("should instantiate new game", () => {
        new Application();
        expect(Game).toHaveBeenCalled();
    });

    test("should instantiate and run game", () => {

        new Application();
        expect(Game).toHaveBeenCalled();
    });

    test("should instantiate canvas singleton instance", () => {
        new Application();

        expect(Canvas.instance).not.toBeUndefined();
        expect(Canvas.instance).not.toBeNull();
    });

    test("should initialise controls", () => {
        const mockHandler = Jest.fn();
        Controls.onKeyReleased(mockHandler);

        new Application();

        const fakeEvent = new KeyboardEvent("keydown",  { "code": Controls.SpaceKey});
        window.dispatchEvent(fakeEvent);

        expect(mockHandler).toHaveBeenCalled();
    });
	PASS
PASS
PASS
PASS
	



Test name: application.test.ts
Test ID: 47

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	10-03-2020 
	When application is instantiated
	     test("should instantiate new startgamescreen", () => {

expect(StartGameScreen).toHaveBeenCalledTimes(1);
     });
	FAIL
	 new Application();
     expect(StartGameScreen).toHaveBeenCalled();
     });



Test name: endgamescreen.test.ts
Test ID: 45

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	10-03-2020 
	When endGameScreen is initialised.
	     test("should start game on space key pressed", () => {

       document.body.innerHTML = "<canvas id=\"canvas\">";
               Canvas.init();
        Controls.init();

       const game = new Game();
        
        new EndGameScreen(game);

        const event = new KeyboardEvent("keydown",  { "code": Controls.SpaceKey});
        window.dispatchEvent(event);

       expect(game.IsRunning).toBeTruthy();    });
	PASS
	

	
	When score is set on endgamescreen
	    test("should set score", () => {
        const endGameScreen = new EndGameScreen(new Game());

       endGameScreen.setScore(100);
     expect(endGameScreen.score).toEqual(100);
    });
	PASS
	



Test name: gameboard.test.ts
Test ID: 46

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	10-03-2020 
	When game board is reset
	 test("should regenerate obstacles", () => {
       const gameBoard = new GameBoard(new Game());
        gameBoard.Obstacles.push(new Obstacle(new Position(10, 10)));

      expect(gameBoard.Obstacles).toHaveLength(11);

       gameBoard.reset();
      expect(gameBoard.Obstacles).toHaveLength(10);
    });
	FAIL
	    public reset(): void {
     this.obstacles = [];
     this.generateObstacles();
   }



Test name: gameboard.test.ts
Test ID: 47

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	10-03-2020 
	When game board is reset
	        const gameBoard = new GameBoard(new Game());
        gameBoard.Bonuses.push(new Bonus(new Position(10, 10)));

      expect(gameBoard.Bonuses).toHaveLength(3);

       gameBoard.reset();
        expect(gameBoard.Bonuses).toHaveLength(2);
    });
	FAIL
	    this.generateBonuses();



Test name: Rover.test.ts
Test ID: 48

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	10-03-2020 
	When Rover is reset
	  test("should reset position", () => {
    const Rover = new Rover(new GameBoard(new Game()));
   Rover.setDirection(DirectionType.South);
   Rover.setPosition(new Position(10, 9));

   Rover.reset();
    expect(Rover.Position.x).toEqual(0);
    expect(Rover.Position.y).toEqual(0);
    expect(Rover.Direction.CurrentDirection).toEqual(DirectionType.North);
  });
	FAIL
	       public reset(): void {
    this.position = new Position(0, 0);
    this.direction = new Direction(DirectionType.North);
   }



Test name: game.test.ts
Test ID: 49

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	10-03-2020

	When game is restarted
	 test("should reset score", () => {
    const game = new Game();
    game.increaseScoreBy(10);
    game.restart();
    expect(game.Score).toEqual(0);
  });
   expect(Rover.Direction.CurrentDirection).toEqual(DirectionType.North);
  });
	FAIL
	    public restart(): void{
    this.score = 0;
   }



Test name: game.test.ts
Test ID: 50

	Date: 
	Test description
	Expected results
	Pass /Fail
	

	10-03-2020

	When game is restarted
	 test("should reset score, board, Rover", () => {

   const mockBoardReset = Jest.fn();
   const mockedBoardType = GameBoard as Jest.Mock<GameBoard>;
    mockedBoardType.prototype.reset = mockBoardReset;
    const mockedBoard = new mockedBoardType();

    mockedBoardType.mockImplementation(() => {
      return mockedBoard;    });

    const mockRoverReset = Jest.fn();
   const mockedRoverType = Rover as Jest.Mock<Rover>;
   mockedRoverType.prototype.reset = mockRoverReset;
    const mockedRover = new mockedRoverType();

    mockedRoverType.mockImplementation(() => {
     return mockedRover;
    });

     const game = new Game();
     game.increaseScoreBy(10);
 
     game.restart();
     expect(mockBoardReset).toHaveBeenCalled();
    expect(mockRoverReset).toHaveBeenCalled();
  });
	FAIL
	  public restart(): void{
     this.score = 0;
   this.gameBoard.reset();    this.Rover.reset();
   }





[bookmark: _Toc38844992]APPENDIX C -  JEST REPORT, Tetris






[bookmark: _Toc38844993]APPENDIX D - Tetris JEST-HTML REPORTER



[bookmark: _Toc38847678]Figure 70 - TETRIS JEST-HTML REPORTER.


[bookmark: _Toc38844994]APPENDIX E - JEST REPORT, Rover



[bookmark: _Toc38847679]Figure 71 - JEST REPORT, ROVER.

[bookmark: _Toc38844995]APPENDIX F - Rover JEST-HTML REPORTER



[bookmark: _Toc38847680]Figure 72 - ROVER JEST-HTML REPORTER.

[bookmark: _Toc38844996]APPENDIX G – Hypothesis T samples

	                           Data for Tetris

	          Data for Rover

	0.664795258
	1.023545655

	1.070951945
	0.831775854

	0.789124093
	0.986959752

	1.077262019
	0.990867624

	0.943327556
	0.719261014

	1.040831754
	0.85730952

	1.009520125
	1.083721007

	1.162354798
	0.669828386

	1.043424269
	0.729986003

	0.500954335
	0.787457428

	0.670260866
	0.809064976

	0.975215577
	0.933010118

	1.056284979
	0.737102913

	0.682745045
	1.089964461

	0.900696583
	0.858002555

	1.02827527
	0.838329162

	0.803519575
	0.792360514

	0.628912054
	0.852331913

	0.586402272
	1.063913236

	0.506199391
	0.721910372

	1.040237399
	0.9363329

	0.888515948
	1.24134417

	1.091331902
	0.66615721

	1.069537681
	0.957369001

	1.088115019
	0.954877895

	1.228718353
	1.007236823

	0.945130629
	0.65393633

	0.966974873
	0.719677108

	0.950925702
	0.872316695

	1.136507413
	0.970272343

	1.081764018
	0.800172335

	1.059256298
	0.693281071

	0.719332426
	0.609676907

	0.778682867
	0.907394427

	1.174265086
	1.243335963

	0.888562332
	0.813084374

	0.84492705
	0.665209062

	1.285309842
	0.782694348

	1.052192252
	0.731918793

	1.030271156
	0.799168082

	0.923689746
	0.890889315

	1.197345333
	1.205665147

	0.625847057
	0.905235855

	1.050346433
	1.04556418

	0.779717644
	0.90303448

	1.057231308
	0.868381538

	0.49797483
	1.108335344

	0.836544692
	0.665771812

	0.743479737
	0.970603513

	1.098325462
	0.928853443

	0.931247874
	0.622099695

	0.883604222
	0.756061444

	0.724125463
	0.838840241

	0.98947759
	0.882371841

	0.739132353
	0.663609488

	
	0.836694459

	
	0.822313472

	
	0.829654288

	
	0.949885622

	
	1.029077315

	
	1.103454086

	
	0.922232265

	
	1.083510232



[bookmark: _Toc38847681]Figure 73 – Hypothesis T sample data.
[bookmark: _Toc38844997]APPENDIX H – Hypothesis Q samples

	Data for Tetris

	       Data for Rover

	186.6873531
	172.8490865

	143.5255574
	203.8091991

	196.8052008
	150.9491874

	215.8590443
	243.1039199

	81.76078765
	125.523042

	130.5839457
	143.6804261

	170.508212
	170.9095606

	155.0374684
	155.079412

	97.67941876
	169.6727126

	162.356386
	142.7981435

	216.0628962
	129.770787

	196.7094345
	132.9813806

	164.1149872
	136.1100912

	152.4866802
	157.7937216

	227.4433056
	139.1455287

	215.6735734
	219.4705955

	149.6006364
	101.568932

	 
	204.2049748

	 
	179.5262862

	 
	142.5001385

	 
	152.0030575

	 
	152.1824667

	 
	177.8743039

	 
	217.5196794

	 
	157.8759468

	 
	251.7992532

	 
	131.9705295

	 
	219.5407949

	 
	182.1617438

	 
	109.9559943

	 
	232.8372163

	 
	140.5129494

	 
	151.1232192

	 
	182.7861563

	 
	189.5565315

	 
	186.2625884

	 
	110.6117422

	 
	211.8263949

	 
	175.6062686

	 
	174.3081184

	 
	170.6069115

	 
	143.842921

	 
	120.9288955

	 
	129.9081548

	 
	166.0718674

	 
	245.6737245

	 
	223.8423137




[bookmark: _Toc38847682]Figure 74 - Hypothesis Q sample data.
[bookmark: _Toc38844998]APPENDIX I – Hypothesis P samples

	Data for Tetris


	    Data for Rover

	54.02454134
	51.36135668

	52.19471076
	51.84816599

	47.44313754
	50.58090791

	51.78777441
	46.83717533

	51.85288286
	47.20820824

	48.7476599
	47.52308213

	54.81625193
	48.14072225

	49.27691761
	50.88558409

	57.0268834
	50.04119329

	49.40482212
	53.66084805

	52.95741756
	50.14429247

	46.7781514
	56.28211637

	44.26622708
	54.87117632

	46.27104899
	47.89753247

	52.14907686
	50.18589503

	48.32955723
	49.71419129

	47.57117166
	54.89708327

	50.11971224
	46.46998276

	47.60793798
	51.02246531

	48.52495421
	52.06072173

	52.81986786
	51.42346721

	47.60351784
	51.58878265

	51.30966214
	51.59935553

	51.92507514
	50.75123012

	53.21695097
	49.84904321

	45.18208369
	52.85902161

	51.37281631
	47.53178599

	45.77221388
	46.01629042

	53.26093414
	44.11040335

	51.08422114
	44.90653408

	46.57951776
	47.87311253

	45.91017286
	48.14128159

	52.31897275
	51.77682296

	43.27979822
	46.2238735

	52.39806127
	46.29182639

	48.46037781
	57.03763362

	54.98436748
	46.931233

	52.07061248
	48.02930461

	50.79844995
	50.91342827

	48.22399559
	51.44714022

	45.99008333
	41.16647814

	47.17727405
	45.20773144

	52.67569476
	52.11098723

	48.81023768
	54.56251655

	50.25677423
	49.17989271

	51.43452098
	42.16761353

	49.14672799
	53.84815849

	49.44199431
	49.88212267

	50.19486151
	43.38293492

	45.82059672
	52.46789341

	53.19865649
	47.49034714

	51.41448368
	51.25059046

	52.80171662
	54.98802365

	53.05446974
	49.48583422

	43.99073204
	48.85108991

	196.0344746
	52.32857701

	118.8534195
	51.02514264

	200.7737128
	44.43637535

	184.0120051
	48.5244358

	157.985401
	50.20268544

	140.103828
	52.41483804

	121.7710921
	50.44466447

	80.04432559
	47.73357786

	172.6809698
	211.5003296

	175.0427184
	168.8897162

	136.3563267
	115.8174443

	160.8912923
	127.2775369

	163.0772003
	211.563294

	145.1489418
	129.3715893

	141.8797835
	232.8276348

	182.3021914
	147.3824152

	199.5911764
	223.856686

	
	181.5876344

	
	180.9102302

	
	218.832153

	
	220.7880554

	
	120.1319667

	
	215.9462558

	
	249.5258893

	
	119.1325548

	
	165.2916573

	
	217.4954322

	
	169.1956895

	
	130.8436246

	
	170.7549852

	
	174.8440484

	
	149.0838206

	
	109.5962959

	
	227.2751401

	
	170.1562375

	
	180.2896797

	
	220.2893272

	
	147.1327089

	
	212.7709574

	
	167.7374887

	
	144.5165121

	
	191.8580044

	
	186.0472484

	
	201.9496496

	
	131.0919622

	
	225.9525961

	
	160.2612581

	
	203.034953

	
	208.922899

	
	151.6505942

	
	132.5218584

	
	249.8927249

	
	155.5849842

	
	126.8606427

	
	202.7133853



[bookmark: _Toc38847683]Figure 75 - Hypothesis P sample data.
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> rover-testing@1.0.0 test /Users/aali/Desktop/rover game copy 
> jest --forceExit --coverage --verbose 
 
 PASS  src/application.test.ts 
  when application is instantiated 
    ✓ should instantiate new game (18ms) 
    ✓ should instantiate and run game (2ms) 
    ✓ should instantiate canvas singleton instance (2ms) 
    ✓ should initialise controls (13ms) 
 
 PASS  src/models/direction.test.ts 
  when getting next direction 
    ✓ should return west if facing north (3ms) 
    ✓ should return south if facing west (1ms) 
    ✓ should return east if facing south 
    ✓ should return north if facing east 
  when getting offset 
    ✓ should return -1 by Y if facing north (1ms) 
    ✓ should return 1 by Y if facing south 
    ✓ should return 1 by X if facing west (1ms) 
    ✓ should return -1 by X if facing east 
 
 PASS  src/endgamescreen.test.ts 
  when endGameScreen is initialised 
    ✓ should start game on space key pressed (58ms) 
  when score is set on endgamescreen 
    ✓ should set score (2ms) 
 
 PASS  src/game.test.ts 
  when game is instantiated 
    ✓ should instantiate new game board (16ms) 
    ✓ should instantiate new legend (46ms) 
    ✓ should instantiate new rover (7ms) 
    ✓ should instantiate new update timer (3ms) 
    ✓ should instantiate new startgamescreen (8ms) 
    ✓ should instantiate new startgamescreen (2ms) 
    ✓ should add listener to rotate/move rover on keyboard press (19ms) 
  when game is run 
    ✓ should start timer (28ms) 
    ✓ should set to running (2ms) 
  when game is stopped 
    ✓ should set to not running  (1ms) 
  when increasing score 
    ✓ should increase score by value (1ms) 
    ✓ should increase legend score by value (1ms) 
  when game is restarted 
    ✓ should reset score, board, rover (1ms) 
    ✓ should reset gameboard and rover (1ms) 
 
 PASS  src/startgamescreen.test.ts 
  when startgamescreen is initialised 
    ✓ should start game on space key pressed (12ms) 
 
 PASS  src/obstaclesgenerator.test.ts 
  when generating obstacles 
    ✓ should generate obstacles (3ms) 
    ✓ generated obstacle should have random position (8ms) 
 
 PASS  src/bonusesgenerator.test.ts 
  when generating bonuses 
    ✓ should generate 2 bonuses (1ms) 
 
 PASS  src/gameboard.test.ts 
  when board is initialised 
    ✓ should fill grid (11ms) 
    ✓ should generate obstacles 
    ✓ should generate bonuses (1ms) 
  when getting next position 
    ✓ and position is less then 0 should return bottom (3ms) 
    ✓ and position is more then Y should return 0 (1ms) 
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> rover-testing@1.0.0 test /Users/aali/Desktop/rover game copy

> jest --forceExit --coverage --verbose



 PASS  src/application.test.ts

  when application is instantiated

    ✓ should instantiate new game (18ms)

    ✓ should instantiate and run game (2ms)

    ✓ should instantiate canvas singleton instance (2ms)

    ✓ should initialise controls (13ms)



 PASS  src/models/direction.test.ts

  when getting next direction

    ✓ should return west if facing north (3ms)

    ✓ should return south if facing west (1ms)

    ✓ should return east if facing south

    ✓ should return north if facing east

  when getting offset

    ✓ should return -1 by Y if facing north (1ms)

    ✓ should return 1 by Y if facing south

    ✓ should return 1 by X if facing west (1ms)

    ✓ should return -1 by X if facing east



 PASS  src/endgamescreen.test.ts

  when endGameScreen is initialised

    ✓ should start game on space key pressed (58ms)

  when score is set on endgamescreen

    ✓ should set score (2ms)



 PASS  src/game.test.ts

  when game is instantiated

    ✓ should instantiate new game board (16ms)

    ✓ should instantiate new legend (46ms)

    ✓ should instantiate new rover (7ms)

    ✓ should instantiate new update timer (3ms)

    ✓ should instantiate new startgamescreen (8ms)

    ✓ should instantiate new startgamescreen (2ms)

    ✓ should add listener to rotate/move rover on keyboard press (19ms)

  when game is run

    ✓ should start timer (28ms)

    ✓ should set to running (2ms)

  when game is stopped

    ✓ should set to not running  (1ms)

  when increasing score

    ✓ should increase score by value (1ms)

    ✓ should increase legend score by value (1ms)

  when game is restarted

    ✓ should reset score, board, rover (1ms)

    ✓ should reset gameboard and rover (1ms)



 PASS  src/startgamescreen.test.ts

  when startgamescreen is initialised

    ✓ should start game on space key pressed (12ms)



 PASS  src/obstaclesgenerator.test.ts

  when generating obstacles

    ✓ should generate obstacles (3ms)

    ✓ generated obstacle should have random position (8ms)



 PASS  src/bonusesgenerator.test.ts

  when generating bonuses

    ✓ should generate 2 bonuses (1ms)



 PASS  src/gameboard.test.ts

  when board is initialised

    ✓ should fill grid (11ms)

    ✓ should generate obstacles

    ✓ should generate bonuses (1ms)

  when getting next position

    ✓ and position is less then 0 should return bottom (3ms)

    ✓ and position is more then Y should return 0 (1ms)

    ✓ and position is less then 0 should return right

    ✓ and position is more then X should return 0 (1ms)

  when checking if can move

    ✓ and near obstacle should not allow to move (1ms)

    ✓ and not near obstacle should allow to move

  when checking if rover is touching bonus

    ✓ should increase score and regenerate bonuses (23ms)

    ✓ and bonus is a bomb should end game (6ms)

    ✓ should not regenerate bonuses (4ms)

  when game board is reset

    ✓ should regenerate obstacles (2ms)

    ✓ should regenerate bonuses (2ms)



 PASS  src/game-unmocked.test.ts

  when game is run

    ✓ and timer is elapsed should update board (56ms)

    ✓ and timer is elapsed should update rover (3ms)



 PASS  src/timer.test.ts

  when timer is started

    ✓ should call callback on 100 timeout (4ms)



 PASS  src/models/rect.test.ts

  when rect is instantiated

    ✓ should have correct values (1ms)



 PASS  src/rover.test.ts

  when rover is initialised

    ✓ should be faces north (9ms)

    ✓ should be at 0,0 (20ms)

  when rover is rotated

    ✓ and facing north should face west (1ms)

  when rover is moved

    ✓ and facing west should move to the right (3ms)

    ✓ and facing south should move down (1ms)

    ✓ and facing east should move left (1ms)

    ✓ and facing north move up (1ms)

  when rover is moved near border

    ✓ and facing north near border should appear at bottom

  when rover is moved near obstacle

    ✓ should not move when facing obstacle

  when rover is reset

    ✓ should reset position (1ms)



 PASS  src/models/position.test.ts

  when position is instantiated

    ✓ should set correct values (1ms)



 PASS  src/controls.test.ts

  when controls initialised

    ✓ should add listener for key down (2ms)



 PASS  src/canvas.test.ts

  when canvas is initialised

    ✓ should initialise singleton instance (2ms)



------------------------|---------|----------|---------|---------|---------------------

File                    | % Stmts | % Branch | % Funcs | % Lines | Uncovered Line #s   

------------------------|---------|----------|---------|---------|---------------------

All files               |   90.42 |    91.18 |   87.06 |   91.72 |                     

 src                    |   89.93 |    90.63 |   86.67 |   91.34 |                     

  application.ts        |     100 |      100 |     100 |     100 |                     

  bonus.ts              |   91.67 |      100 |      80 |   91.67 | 34                  

  bonusesgenerator.ts   |     100 |      100 |     100 |     100 |                     

  canvas.ts             |   78.26 |      100 |      75 |   78.26 | 45,46,51-53         

  controls.ts           |     100 |      100 |     100 |     100 |                     

  endgamescreen.ts      |   78.26 |       75 |      75 |   78.26 | 37,41,49,57,66      

  game.ts               |   93.02 |    83.33 |     100 |   93.02 | 76-78               

  gameboard.ts          |    86.3 |      100 |   82.35 |   90.77 | 126,130-132,138,139 

  gameobject.ts         |     100 |      100 |     100 |     100 |                     

  legend.ts             |     100 |      100 |     100 |     100 |                     

  obstacle.ts           |   88.89 |      100 |   66.67 |   88.89 | 22                  

  obstaclesgenerator.ts |     100 |      100 |     100 |     100 |                     

  rover.ts              |   88.89 |      100 |   88.89 |   88.89 | 40,45,46            

  startgamescreen.ts    |     100 |       50 |     100 |     100 | 22                  

  timer.ts              |    87.5 |      100 |      75 |     100 |                     

 src/models             |      96 |      100 |      90 |      96 |                     

  constants.ts          |      75 |      100 |   66.67 |      75 | 4                   

  direction.ts          |     100 |      100 |     100 |     100 |                     

  position.ts           |     100 |      100 |     100 |     100 |                     

  rect.ts               |     100 |      100 |     100 |     100 |                     

------------------------|---------|----------|---------|---------|---------------------

Test Suites: 15 passed, 15 total

Tests:       63 passed, 63 total

Snapshots:   0 total

Time:        4.099s

Ran all test suites.
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games-testing\src\games\tetris\gameobjects\tetromino.test.ts 
2.519s 
When Tetromino Is 
initialised 



Should Set Fields Correctly passed in 0.011s 



When Tetromino Is 
Updated 



Should Move Down If Can Move passed in 0.002s 



When Tetromino Is 
Updated 



Should Not Move Down If Cannot Move passed in 0.002s 



When Tetromino Is 
Moving Down 



Should Move Down When S Pressed And Can Move passed in 0.004s 



When Tetromino Is 
Moving Down 



Should Not Move Down When S Pressed And Cannot Move passed in 0.002s 



When Tetromino Is 
Moving Left 



Should Move Left When A Pressed And Can Move passed in 0.002s 



When Tetromino Is 
Moving Left 



Should Not Move Left When A Pressed And Cannot Move passed in 0.001s 



When Tetromino Is 
Moving Right 



Should Move Right When A Pressed And Can Move passed in 0.001s 



When Tetromino Is 
Moving Right 



Should Not Move Left When A Pressed And Cannot Move passed in 0.002s 



When Tetromino Is 
Rotating 



Should Rotate When E Pressed passed in 0.003s 



When Tetromino Is 
Rotating 



Should Not Rotate If Cannot Move Right passed in 0.001s 



When Tetromino Is 
Rotating 



Should Not Rotate If Cannot Move Left passed in 0.002s 



When Tetromino Is 
Rotating 



Should Not Rotate If Cannot Move Down passed in 0.002s 



games-testing\src\games\tetris\gameobjects\endgamescreen.test.ts 
2.512s 
When 
EndGameScreen Is 
initialised 



Should Start The Game On Space Key passed in 0.065s 



When Score Is Set On 
End Game Screen 



Should Set Score passed in 0.003s 



games-testing\src\games\tetris\gameobjects\board.test.ts 
2.577s 
When Board Is 
initialised 



Should initialise Correctly passed in 0.014s 



When Board Is 
Resetted 



Should Generate Tetromino passed in 0.003s 



When Board Is 
Resetted 



Should Reset Grid passed in 0.003s 



When Board Is 
Checked To Move 
Down 



Should Allow Move Down passed in 0.002s 



When Board Is 
Checked To Move 
Down 



Should Not Allow To Move Down When Cell Is Null passed in 0.002s 



When Board Is 
Checked To Move 
Down 



Should Not Allow To Move Down When Cell Is Occupied passed in 0.002s 



When Board Is 
Checked To Move 
Down 



Should Not Allow To Move Down When More Then Height passed in 0.001s 



When Board Is 
Checked To Move Left 



Should Allow Move Left passed in 0.003s 



When Board Is 
Checked To Move Left 



Should Not Allow To Move Left When Cell Is Null passed in 0.005s 



When Board Is 
Checked To Move Left 



Should Not Allow To Move Left When Cell Is Occupied passed in 0.001s 



When Board Is 
Checked To Move Left 



Should Not Allow To Move Left When Less Then 0 passed in 0.002s 



When Board Is 
Checked To Move 
Right 



Should Allow Move Right passed in 0.001s 



When Board Is 
Checked To Move 
Right 



Should Not Allow To Move Right When Cell Is Null passed in 0.002s 



When Board Is 
Checked To Move 
Right 



Should Not Allow To Move Right When Cell Is Occupied passed in 0.002s 










games-testing\src\games\tetris\gameobjects\tetromino.test.ts 

2.519s 

When Tetromino Is 

initialised 

Should Set Fields Correctly  passed in 0.011s 

When Tetromino Is 

Updated 

Should Move Down If Can Move  passed in 0.002s 

When Tetromino Is 

Updated 

Should Not Move Down If Cannot Move  passed in 0.002s 

When Tetromino Is 

Moving Down 

Should Move Down When S Pressed And Can Move  passed in 0.004s 

When Tetromino Is 

Moving Down 

Should Not Move Down When S Pressed And Cannot Move  passed in 0.002s 

When Tetromino Is 

Moving Left 

Should Move Left When A Pressed And Can Move  passed in 0.002s 

When Tetromino Is 

Moving Left 

Should Not Move Left When A Pressed And Cannot Move  passed in 0.001s 

When Tetromino Is 

Moving Right 

Should Move Right When A Pressed And Can Move  passed in 0.001s 

When Tetromino Is 

Moving Right 

Should Not Move Left When A Pressed And Cannot Move  passed in 0.002s 

When Tetromino Is 

Rotating 

Should Rotate When E Pressed  passed in 0.003s 

When Tetromino Is 

Rotating 

Should Not Rotate If Cannot Move Right  passed in 0.001s 

When Tetromino Is 

Rotating 

Should Not Rotate If Cannot Move Left  passed in 0.002s 

When Tetromino Is 

Rotating 

Should Not Rotate If Cannot Move Down  passed in 0.002s 

games-testing\src\games\tetris\gameobjects\endgamescreen.test.ts 

2.512s 

When 

EndGameScreen Is 

initialised 

Should Start The Game On Space Key  passed in 0.065s 

When Score Is Set On 

End Game Screen 

Should Set Score  passed in 0.003s 

games-testing\src\games\tetris\gameobjects\board.test.ts 

2.577s 

When Board Is 

initialised 

Should initialise Correctly  passed in 0.014s 

When Board Is 

Resetted 

Should Generate Tetromino  passed in 0.003s 

When Board Is 

Resetted 

Should Reset Grid  passed in 0.003s 

When Board Is 

Checked To Move 

Down 

Should Allow Move Down  passed in 0.002s 

When Board Is 

Checked To Move 

Down 

Should Not Allow To Move Down When Cell Is Null  passed in 0.002s 

When Board Is 

Checked To Move 

Down 

Should Not Allow To Move Down When Cell Is Occupied  passed in 0.002s 

When Board Is 

Checked To Move 

Down 

Should Not Allow To Move Down When More Then Height  passed in 0.001s 

When Board Is 

Checked To Move Left 

Should Allow Move Left  passed in 0.003s 

When Board Is 

Checked To Move Left 

Should Not Allow To Move Left When Cell Is Null  passed in 0.005s 

When Board Is 

Checked To Move Left 

Should Not Allow To Move Left When Cell Is Occupied  passed in 0.001s 

When Board Is 

Checked To Move Left 

Should Not Allow To Move Left When Less Then 0  passed in 0.002s 

When Board Is 

Checked To Move 

Right 

Should Allow Move Right  passed in 0.001s 

When Board Is 

Checked To Move 

Right 

Should Not Allow To Move Right When Cell Is Null  passed in 0.002s 

When Board Is 

Checked To Move 

Right 

Should Not Allow To Move Right When Cell Is Occupied  passed in 0.002s 
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games-testing\src\games\tetris\gameobjects\tetromino.test.ts

2.519s

		When Tetromino Is initialised

		Should Set Fields Correctly

		passed in 0.011s



		When Tetromino Is Updated

		Should Move Down If Can Move

		passed in 0.002s



		When Tetromino Is Updated

		Should Not Move Down If Cannot Move

		passed in 0.002s



		When Tetromino Is Moving Down

		Should Move Down When S Pressed And Can Move

		passed in 0.004s



		When Tetromino Is Moving Down

		Should Not Move Down When S Pressed And Cannot Move

		passed in 0.002s



		When Tetromino Is Moving Left

		Should Move Left When A Pressed And Can Move

		passed in 0.002s



		When Tetromino Is Moving Left

		Should Not Move Left When A Pressed And Cannot Move

		passed in 0.001s



		When Tetromino Is Moving Right

		Should Move Right When A Pressed And Can Move

		passed in 0.001s



		When Tetromino Is Moving Right

		Should Not Move Left When A Pressed And Cannot Move

		passed in 0.002s



		When Tetromino Is Rotating

		Should Rotate When E Pressed

		passed in 0.003s



		When Tetromino Is Rotating

		Should Not Rotate If Cannot Move Right

		passed in 0.001s



		When Tetromino Is Rotating

		Should Not Rotate If Cannot Move Left

		passed in 0.002s



		When Tetromino Is Rotating

		Should Not Rotate If Cannot Move Down

		passed in 0.002s





games-testing\src\games\tetris\gameobjects\endgamescreen.test.ts

2.512s

		When EndGameScreen Is initialised

		Should Start The Game On Space Key

		passed in 0.065s



		When Score Is Set On End Game Screen

		Should Set Score

		passed in 0.003s





games-testing\src\games\tetris\gameobjects\board.test.ts

2.577s

		When Board Is initialised

		Should initialise Correctly

		passed in 0.014s



		When Board Is Resetted

		Should Generate Tetromino

		passed in 0.003s



		When Board Is Resetted

		Should Reset Grid

		passed in 0.003s



		When Board Is Checked To Move Down

		Should Allow Move Down

		passed in 0.002s



		When Board Is Checked To Move Down

		Should Not Allow To Move Down When Cell Is Null

		passed in 0.002s



		When Board Is Checked To Move Down

		Should Not Allow To Move Down When Cell Is Occupied

		passed in 0.002s



		When Board Is Checked To Move Down

		Should Not Allow To Move Down When More Then Height

		passed in 0.001s



		When Board Is Checked To Move Left

		Should Allow Move Left

		passed in 0.003s



		When Board Is Checked To Move Left

		Should Not Allow To Move Left When Cell Is Null

		passed in 0.005s



		When Board Is Checked To Move Left

		Should Not Allow To Move Left When Cell Is Occupied

		passed in 0.001s



		When Board Is Checked To Move Left

		Should Not Allow To Move Left When Less Then 0

		passed in 0.002s



		When Board Is Checked To Move Right

		Should Allow Move Right

		passed in 0.001s



		When Board Is Checked To Move Right

		Should Not Allow To Move Right When Cell Is Null

		passed in 0.002s



		When Board Is Checked To Move Right

		Should Not Allow To Move Right When Cell Is Occupied

		passed in 0.002s



		When Board Is Checked To Move Right

		Should Not Allow To Move Right When More Then Width

		passed in 0.002s





games-testing\src\games\tetris\gameobjects\tetrominoGenerator.test.ts

0.415s

		When Generating Tetromino

		Should generate tetromino

		passed in 0.007s





games-testing\src\games\tetris\game.test.ts

0.534s

		When Game Is initialised

		Should instantiate Board

		passed in 0.023s



		When Game Is initialised

		Should instantiate Legend

		passed in 0.003s



		When Game Is initialised

		Should instantiate StartGameScreen

		passed in 0.004s



		When Game Is initialised

		Should instantiate EndGameScreen

		passed in 0.004s



		When Game Is initialised

		Should instantiate Timer

		passed in 0.005s



		When Game Is initialised

		Should set IsPlaying to False

		passed in 0.003s



		When Game Is Run

		Should set IsPlaying to True

		passed in 0.003s



		When Game Is Run

		Should set IsPlaying to True Only Once

		passed in 0.003s



		When Game Is Stopped

		Should set IsPlaying to False

		passed in 0.011s





games-testing\src\games\tetris\gameobjects\startgamescreen.test.ts

0.446s

		When StartGameScreen Is initialised

		Should Start The Game On Space Key

		passed in 0.064s





games-testing\src\games\tetris\infastructure\models\model.test.ts

0.341s

		When Rect Is Instantiated

		Should Set Correct Values

		passed in 0.003s



		When Coordinates In Instantiated

		Should Set Correct Values

		passed in 0s





games-testing\src\games\tetris\gameobjects\cell.test.ts

0.374s

		

		Should Instantiate Cell With Coordinates

		passed in 0.002s



		

		Should Reset Cell

		passed in 0.002s





games-testing\src\games\tetris\gameobjects\legend.test.ts

0.415s

		When Legend Is Reset

		Should reset score

		passed in 0.002s



		When Legend Score Is Set

		Should update score adding value

		passed in 0.001s





games-testing\src\games\tetris\gameobjects\templates\template.test.ts

0.39s

		When Templates Are initialised

		TemplateI Should Have Correct Coordinates

		passed in 0.001s



		When Templates Are initialised

		TemplateJ Should Have Correct Coordinates

		passed in 0.001s



		When Templates Are initialised

		TemplateL Should Have Correct Coordinates

		passed in 0.001s



		When Templates Are initialised

		TemplateS Should Have Correct Coordinates

		passed in 0.001s



		When Templates Are initialised

		TemplateSquare Should Have Correct Coordinates

		passed in 0s



		When Templates Are initialised

		TemplateT Should Have Correct Coordinates

		passed in 0.001s



		When Templates Are initialised

		TemplateZ Should Have Correct Coordinates

		passed in 0s





games-testing\src\games\tetris\infastructure\canvas.test.ts

3.241s

		When Canvas Is initialised

		Should initialise singleton instance

		passed in 0.003s
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> rover-testing@1.0.0 test /Users/aali/Desktop/rover game copy 
> jest --forceExit --coverage --verbose 
 
 PASS  src/game-unmocked.test.ts 
  when game is run 
    ✓ and timer is elapsed should update board (33ms) 
    ✓ and timer is elapsed should update rover (3ms) 
 
 PASS  src/endgamescreen.test.ts 
  when endGameScreen is initialised 
    ✓ should start game on space key pressed (21ms) 
  when score is set on endgamescreen 
    ✓ should set score (1ms) 
 
 PASS  src/gameboard.test.ts 
  when board is initialised 
    ✓ should fill grid (4ms) 
    ✓ should generate obstacles 
    ✓ should generate bonuses (1ms) 
  when getting next position 
    ✓ and position is less then 0 should return bottom (1ms) 
    ✓ and position is more then Y should return 0 (1ms) 
    ✓ and position is less then 0 should return right 
    ✓ and position is more then X should return 0 (1ms) 
  when checking if can move 
    ✓ and near obstacle should not allow to move (1ms) 
    ✓ and not near obstacle should allow to move 
  when checking if rover is touching bonus 
    ✓ should increase score and regenerate bonuses (20ms) 
    ✓ and bonus is a bomb should end game (68ms) 
    ✓ should not regenerate bonuses (26ms) 
  when game board is reset 
    ✓ should regenerate obstacles (1ms) 
    ✓ should regenerate bonuses (21ms) 
 
 PASS  src/rover.test.ts 
  when rover is initialised 
    ✓ should be faces north (16ms) 
    ✓ should be at 0,0 (2ms) 
  when rover is rotated 
    ✓ and facing north should face west (1ms) 
  when rover is moved 
    ✓ and facing west should move to the right (1ms) 
    ✓ and facing south should move down (1ms) 
    ✓ and facing east should move left (1ms) 
    ✓ and facing north move up 
  when rover is moved near border 
    ✓ and facing north near border should appear at bottom (3ms) 
  when rover is moved near obstacle 
    ✓ should not move when facing obstacle 
  when rover is reset 
    ✓ should reset position (14ms) 
 
 PASS  src/models/direction.test.ts 
  when getting next direction 
    ✓ should return west if facing north (3ms) 
    ✓ should return south if facing west 
    ✓ should return east if facing south (1ms) 
    ✓ should return north if facing east 
  when getting offset 
    ✓ should return -1 by Y if facing north (1ms) 
    ✓ should return 1 by Y if facing south 
    ✓ should return 1 by X if facing west (1ms) 
    ✓ should return -1 by X if facing east 
 
 PASS  src/models/rect.test.ts 
  when rect is instantiated 
    ✓ should have correct values (1ms) 
 
 PASS  src/application.test.ts 
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> rover-testing@1.0.0 test /Users/aali/Desktop/rover game copy

> jest --forceExit --coverage --verbose



 PASS  src/game-unmocked.test.ts

  when game is run

    ✓ and timer is elapsed should update board (33ms)

    ✓ and timer is elapsed should update rover (3ms)



 PASS  src/endgamescreen.test.ts

  when endGameScreen is initialised

    ✓ should start game on space key pressed (21ms)

  when score is set on endgamescreen

    ✓ should set score (1ms)



 PASS  src/gameboard.test.ts

  when board is initialised

    ✓ should fill grid (4ms)

    ✓ should generate obstacles

    ✓ should generate bonuses (1ms)

  when getting next position

    ✓ and position is less then 0 should return bottom (1ms)

    ✓ and position is more then Y should return 0 (1ms)

    ✓ and position is less then 0 should return right

    ✓ and position is more then X should return 0 (1ms)

  when checking if can move

    ✓ and near obstacle should not allow to move (1ms)

    ✓ and not near obstacle should allow to move

  when checking if rover is touching bonus

    ✓ should increase score and regenerate bonuses (20ms)

    ✓ and bonus is a bomb should end game (68ms)

    ✓ should not regenerate bonuses (26ms)

  when game board is reset

    ✓ should regenerate obstacles (1ms)

    ✓ should regenerate bonuses (21ms)



 PASS  src/rover.test.ts

  when rover is initialised

    ✓ should be faces north (16ms)

    ✓ should be at 0,0 (2ms)

  when rover is rotated

    ✓ and facing north should face west (1ms)

  when rover is moved

    ✓ and facing west should move to the right (1ms)

    ✓ and facing south should move down (1ms)

    ✓ and facing east should move left (1ms)

    ✓ and facing north move up

  when rover is moved near border

    ✓ and facing north near border should appear at bottom (3ms)

  when rover is moved near obstacle

    ✓ should not move when facing obstacle

  when rover is reset

    ✓ should reset position (14ms)



 PASS  src/models/direction.test.ts

  when getting next direction

    ✓ should return west if facing north (3ms)

    ✓ should return south if facing west

    ✓ should return east if facing south (1ms)

    ✓ should return north if facing east

  when getting offset

    ✓ should return -1 by Y if facing north (1ms)

    ✓ should return 1 by Y if facing south

    ✓ should return 1 by X if facing west (1ms)

    ✓ should return -1 by X if facing east



 PASS  src/models/rect.test.ts

  when rect is instantiated

    ✓ should have correct values (1ms)



 PASS  src/application.test.ts

  when application is instantiated

    ✓ should instantiate new game (26ms)

    ✓ should instantiate and run game (2ms)

    ✓ should instantiate canvas singleton instance (2ms)

    ✓ should initialise controls (3ms)



 PASS  src/startgamescreen.test.ts

  when startgamescreen is initialised

    ✓ should start game on space key pressed (25ms)



 PASS  src/bonusesgenerator.test.ts

  when generating bonuses

    ✓ should generate 2 bonuses



 PASS  src/game.test.ts

  when game is instantiated

    ✓ should instantiate new game board (38ms)

    ✓ should instantiate new legend (16ms)

    ✓ should instantiate new rover (13ms)

    ✓ should instantiate new update timer (4ms)

    ✓ should instantiate new startgamescreen (39ms)

    ✓ should instantiate new startgamescreen (2ms)

    ✓ should add listener to rotate/move rover on keyboard press (6ms)

  when game is run

    ✓ should start timer (40ms)

    ✓ should set to running (2ms)

  when game is stopped

    ✓ should set to not running  (1ms)

  when increasing score

    ✓ should increase score by value (2ms)

    ✓ should increase legend score by value (1ms)

  when game is restarted

    ✓ should reset score, board, rover (1ms)

    ✓ should reset gameboard and rover (1ms)



 PASS  src/models/position.test.ts

  when position is instantiated

    ✓ should set correct values (1ms)



 PASS  src/controls.test.ts

  when controls initialised

    ✓ should add listener for key down (2ms)



 PASS  src/obstaclesgenerator.test.ts

  when generating obstacles

    ✓ should generate obstacles (1ms)

    ✓ generated obstacle should have random position (2ms)



 PASS  src/timer.test.ts

  when timer is started

    ✓ should call callback on 100 timeout (1ms)



 PASS  src/canvas.test.ts

  when canvas is initialised

    ✓ should initialise singleton instance (2ms)



------------------------|---------|----------|---------|---------|---------------------

File                    | % Stmts | % Branch | % Funcs | % Lines | Uncovered Line #s   

------------------------|---------|----------|---------|---------|---------------------

All files               |   90.42 |    91.18 |   87.06 |   91.72 |                     

 src                    |   89.93 |    90.63 |   86.67 |   91.34 |                     

  application.ts        |     100 |      100 |     100 |     100 |                     

  bonus.ts              |   91.67 |      100 |      80 |   91.67 | 34                  

  bonusesgenerator.ts   |     100 |      100 |     100 |     100 |                     

  canvas.ts             |   78.26 |      100 |      75 |   78.26 | 45,46,51-53         

  controls.ts           |     100 |      100 |     100 |     100 |                     

  endgamescreen.ts      |   78.26 |       75 |      75 |   78.26 | 37,41,49,57,66      

  game.ts               |   93.02 |    83.33 |     100 |   93.02 | 76-78               

  gameboard.ts          |    86.3 |      100 |   82.35 |   90.77 | 126,130-132,138,139 

  gameobject.ts         |     100 |      100 |     100 |     100 |                     

  legend.ts             |     100 |      100 |     100 |     100 |                     

  obstacle.ts           |   88.89 |      100 |   66.67 |   88.89 | 22                  

  obstaclesgenerator.ts |     100 |      100 |     100 |     100 |                     

  rover.ts              |   88.89 |      100 |   88.89 |   88.89 | 40,45,46            

  startgamescreen.ts    |     100 |       50 |     100 |     100 | 22                  

  timer.ts              |    87.5 |      100 |      75 |     100 |                     

 src/models             |      96 |      100 |      90 |      96 |                     

  constants.ts          |      75 |      100 |   66.67 |      75 | 4                   

  direction.ts          |     100 |      100 |     100 |     100 |                     

  position.ts           |     100 |      100 |     100 |     100 |                     

  rect.ts               |     100 |      100 |     100 |     100 |                     

------------------------|---------|----------|---------|---------|---------------------

Test Suites: 15 passed, 15 total

Tests:       63 passed, 63 total

Snapshots:   0 total

Time:        4.428s

Ran all test suites.

jest-html-reporter >> Report generated (/Users/aali/Desktop/rover game copy/test-report.html)
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rover-testing\src\rover.test.ts 
7.662s 
when rover is initialised should be faces north passed in 0.005s 
when rover is initialised should be at 0,0 passed in 0.002s 
when rover is rotated and facing north should face west passed in 0.002s 
when rover is moved and facing west should move to the right passed in 0.002s 
when rover is moved and facing south should move down passed in 0.001s 
when rover is moved and facing east should move left passed in 0.001s 
when rover is moved and facing north move up passed in 0s 
when rover is moved near border and facing north near border should appear at bottom passed in 0s 
when rover is moved near obstacle should not move when facing obstacle passed in 0.001s 
when rover is reset should reset position passed in 0.001s 
rover-testing\src\game-unmocked.test.ts 
7.679s 
when game is run and timer is elapsed should update board passed in 0.035s 
when game is run and timer is elapsed should update rover passed in 0.007s 
rover-testing\src\game.test.ts 
7.728s 
when game is instantiated should instantiate new game board passed in 0.025s 
when game is instantiated should instantiate new legend passed in 0.004s 
when game is instantiated should instantiate new rover passed in 0.004s 
when game is instantiated should instantiate new update timer passed in 0.002s 
when game is instantiated should instantiate new startgamescreen passed in 0.003s 
when game is instantiated should instantiate new startgamescreen passed in 0.005s 
when game is instantiated should add listener to rotate/move rover on keyboard press passed in 0.006s 
when game is run should start timer passed in 0.005s 
when game is run should set to running passed in 0.003s 
when game is stopped should set to not running  passed in 0.002s 
when increasing score should increase score by value passed in 0.003s 
when increasing score should increase legend score by value passed in 0.001s 
when game is restarted should reset score, board, rover passed in 0.003s 
when game is restarted should reset gameboard and rover passed in 0.003s 
rover-testing\src\obstaclesgenerator.test.ts 
0.222s 
when generating obstacles should generate obstacles passed in 0.002s 
when generating obstacles generated obstacle should have random position passed in 0.002s 
rover-testing\src\timer.test.ts 
0.208s 
when timer is started should call callback on 100 timeout passed in 0.003s 
rover-testing\src\application.test.ts 
0.607s 
when application is instantiated should instantiate new game passed in 0.004s 
when application is instantiated should instantiate and run game passed in 0.003s 
when application is instantiated should instantiate canvas singleton instance passed in 0.003s 
when application is instantiated should initialise controls passed in 0.004s 
rover-testing\src\gameboard.test.ts 
0.744s 
when board is initialised should fill grid passed in 0.002s 
when board is initialised should generate obstacles passed in 0.002s 
when board is initialised should generate bonuses passed in 0.002s 
when getting next position and position is less then 0 should return bottom passed in 0.001s 
when getting next position and position is more then Y should return 0 passed in 0.001s 
when getting next position and position is less then 0 should return right passed in 0s 
when getting next position and position is more then X should return 0 passed in 0s 
when checking if can move and near obstacle should not allow to move passed in 0.001s 
when checking if can move and not near obstacle should allow to move passed in 0.001s 
when checking if rover is touching 
bonus 



should increase score and regenerate bonuses passed in 0.054s 



when checking if rover is touching 
bonus 



and bonus is a bomb should end game passed in 0.028s 



when checking if rover is touching 
bonus 



should not regenerate bonuses passed in 0.004s 



when game board is reset should regenerate obstacles passed in 0.001s 
when game board is reset should regenerate bonuses passed in 0.002s 
rover-testing\src\models\position.test.ts 
0.31s 
when position is instantiated should set correct values passed in 0.007s 
rover-testing\src\startgamescreen.test.ts 
0.303s 
when startgamescreen is initialised should start game on space key pressed passed in 0.019s 
rover-testing\src\endgamescreen.test.ts 










rover-testing\src\rover.test.ts 

7.662s 

when rover is initialised should be faces north  passed in 0.005s 

when rover is initialised should be at 0,0  passed in 0.002s 

when rover is rotated and facing north should face west  passed in 0.002s 

when rover is moved and facing west should move to the right  passed in 0.002s 

when rover is moved and facing south should move down  passed in 0.001s 

when rover is moved and facing east should move left  passed in 0.001s 

when rover is moved and facing north move up  passed in 0s 

when rover is moved near   b o r d e r  and facing north near border should appear at bottom  passed in 0s 

when rover is moved near   o b s t a c l e  should not move when facing obstacle  passed in 0.001s 

when rover is reset  should reset position  passed in 0.001s 

rover-testing\src\game-unmocked.test.ts 

7.679s 

when game is run  and timer is elapsed should update board  passed in 0.035s 

when game is run  and timer is elapsed should update rover  passed in 0.007s 

rover-testing\src\game.test.ts 

7.728s 

when game is instantiated  should instantiate new game board  passed in 0.025s 

when game is instantiated  should instantiate new legend  passed in 0.004s 

when game is instantiated  should instantiate new rover  passed in 0.004s 

when game is instantiated  should instantiate new update timer  passed in 0.002s 

when game is instantiated  should instantiate new startgamescreen  passed in 0.003s 

when game is instantiated  should instantiate new startgamescreen  passed in 0.005s 

when game is instantiated  should add listener to rotate/move rover on keyboard press  passed in 0.006s 

when game is run  should start timer  passed in 0.005s 

when game is run  should set to running  passed in 0.003s 

when game is stopped should set to not running   passed in 0.002s 

when increasing score should increase score by value  passed in 0.003s 

when increasing score should increase legend score by value  passed in 0.001s 

when game is restarted should reset score, board, rover  passed in 0.003s 

when game is restarted should reset gameboard and rover  passed in 0.003s 

rover-testing\src\obstaclesgenerator.test.ts 

0.222s 

when generating obstacle s  should generate obstacles  passed in 0.002s 

when generating obstacle s  generated obstacle should have random position  passed in 0.002s 

rover-testing\src\timer.test.ts 

0.208s 

when timer is started should call callback on 100 timeout  passed in 0.003s 

rover-testing\src\application.test.ts 

0.607s 

when application is instan t i a t e d  should instantiate new game  passed in 0.004s 

when application is instan t i a t e d  should instantiate and run game  passed in 0.003s 

when application is instan t i a t e d  should instantiate canvas singleton instance  passed in 0.003s 

when application is instan t i a t e d  should initialise controls  passed in 0.004s 

rover-testing\src\gameboard.test.ts 

0.744s 

when board is initialised should fill grid  passed in 0.002s 

when board is initialised should generate obstacles  passed in 0.002s 

when board is initialised should generate bonuses  passed in 0.002s 

when getting next positio n  and position is less then 0 should return bottom  passed in 0.001s 

when getting next positio n  and position is more then Y should return 0  passed in 0.001s 

when getting next positio n  and position is less then 0 should return right  passed in 0s 

when getting next positio n  and position is more then X should return 0  passed in 0s 

when checking if can mov e  and near obstacle should not allow to move  passed in 0.001s 

when checking if can mov e  and not near obstacle should allow to move  passed in 0.001s 

when checking if rover is  t o u c h i n g  

bonus 

should increase score and regenerate bonuses  passed in 0.054s 

when checking if rover is  t o u c h i n g  

bonus 

and bonus is a bomb should end game  passed in 0.028s 

when checking if rover is  t o u c h i n g  

bonus 

should not regenerate bonuses  passed in 0.004s 

when game board is reset  should regenerate obstacles  passed in 0.001s 

when game board is reset  should regenerate bonuses  passed in 0.002s 

rover-testing\src\models\position.test.ts 

0.31s 

when position is instan

t

ia t e d  should set correct values  passed in 0.007s 

rover-testing\src\startgamescreen.test.ts 

0.303s 

when startgamescreen is  i n i t i a l i s e d  should start game on space key pressed  passed in 0.019s 

rover-testing\src\endgamescreen.test.ts 
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rover-testing\src\rover.test.ts

7.662s

		when rover is initialised

		should be faces north

		passed in 0.005s



		when rover is initialised

		should be at 0,0

		passed in 0.002s



		when rover is rotated

		and facing north should face west

		passed in 0.002s



		when rover is moved

		and facing west should move to the right

		passed in 0.002s



		when rover is moved

		and facing south should move down

		passed in 0.001s



		when rover is moved

		and facing east should move left

		passed in 0.001s



		when rover is moved

		and facing north move up

		passed in 0s



		when rover is moved near border

		and facing north near border should appear at bottom

		passed in 0s



		when rover is moved near obstacle

		should not move when facing obstacle

		passed in 0.001s



		when rover is reset

		should reset position

		passed in 0.001s





rover-testing\src\game-unmocked.test.ts

7.679s

		when game is run

		and timer is elapsed should update board

		passed in 0.035s



		when game is run

		and timer is elapsed should update rover

		passed in 0.007s





rover-testing\src\game.test.ts

7.728s

		when game is instantiated

		should instantiate new game board

		passed in 0.025s



		when game is instantiated

		should instantiate new legend

		passed in 0.004s



		when game is instantiated

		should instantiate new rover

		passed in 0.004s



		when game is instantiated

		should instantiate new update timer

		passed in 0.002s



		when game is instantiated

		should instantiate new startgamescreen

		passed in 0.003s



		when game is instantiated

		should instantiate new startgamescreen

		passed in 0.005s



		when game is instantiated

		should add listener to rotate/move rover on keyboard press

		passed in 0.006s



		when game is run

		should start timer

		passed in 0.005s



		when game is run

		should set to running

		passed in 0.003s



		when game is stopped

		should set to not running 

		passed in 0.002s



		when increasing score

		should increase score by value

		passed in 0.003s



		when increasing score

		should increase legend score by value

		passed in 0.001s



		when game is restarted

		should reset score, board, rover

		passed in 0.003s



		when game is restarted

		should reset gameboard and rover

		passed in 0.003s





rover-testing\src\obstaclesgenerator.test.ts

0.222s

		when generating obstacles

		should generate obstacles

		passed in 0.002s



		when generating obstacles

		generated obstacle should have random position

		passed in 0.002s





rover-testing\src\timer.test.ts

0.208s

		when timer is started

		should call callback on 100 timeout

		passed in 0.003s





rover-testing\src\application.test.ts

0.607s

		when application is instantiated

		should instantiate new game

		passed in 0.004s



		when application is instantiated

		should instantiate and run game

		passed in 0.003s



		when application is instantiated

		should instantiate canvas singleton instance

		passed in 0.003s



		when application is instantiated

		should initialise controls

		passed in 0.004s





rover-testing\src\gameboard.test.ts

0.744s

		when board is initialised

		should fill grid

		passed in 0.002s



		when board is initialised

		should generate obstacles

		passed in 0.002s



		when board is initialised

		should generate bonuses

		passed in 0.002s



		when getting next position

		and position is less then 0 should return bottom

		passed in 0.001s



		when getting next position

		and position is more then Y should return 0

		passed in 0.001s



		when getting next position

		and position is less then 0 should return right

		passed in 0s



		when getting next position

		and position is more then X should return 0

		passed in 0s



		when checking if can move

		and near obstacle should not allow to move

		passed in 0.001s



		when checking if can move

		and not near obstacle should allow to move

		passed in 0.001s



		when checking if rover is touching bonus

		should increase score and regenerate bonuses

		passed in 0.054s



		when checking if rover is touching bonus

		and bonus is a bomb should end game

		passed in 0.028s



		when checking if rover is touching bonus

		should not regenerate bonuses

		passed in 0.004s



		when game board is reset

		should regenerate obstacles

		passed in 0.001s



		when game board is reset

		should regenerate bonuses

		passed in 0.002s





rover-testing\src\models\position.test.ts

0.31s

		when position is instantiated

		should set correct values

		passed in 0.007s





rover-testing\src\startgamescreen.test.ts

0.303s

		when startgamescreen is initialised

		should start game on space key pressed

		passed in 0.019s





rover-testing\src\endgamescreen.test.ts

0.372s

		when endGameScreen is initialised

		should start game on space key pressed

		passed in 0.011s



		when score is set on endgamescreen

		should set score

		passed in 0.002s





rover-testing\src\models\rect.test.ts

0.348s

		when rect is instantiated

		should have correct values

		passed in 0.005s





rover-testing\src\models\direction.test.ts

0.421s

		when getting next direction

		should return west if facing north

		passed in 0.003s



		when getting next direction

		should return south if facing west

		passed in 0.001s



		when getting next direction

		should return east if facing south

		passed in 0.001s



		when getting next direction

		should return north if facing east

		passed in 0s



		when getting offset

		should return -1 by Y if facing north

		passed in 0.003s



		when getting offset

		should return 1 by Y if facing south

		passed in 0.001s



		when getting offset

		should return 1 by X if facing west

		passed in 0.001s



		when getting offset

		should return -1 by X if facing east

		passed in 0.001s





rover-testing\src\bonusesgenerator.test.ts

0.37s

		when generating bonuses

		should generate 2 bonuses

		passed in 0.005s





rover-testing\src\canvas.test.ts

0.352s

		when canvas is initialised

		should initialise singleton instance

		passed in 0.008s





rover-testing\src\controls.test.ts

0.186s

		when controls initialised

		should add listener for key down

		passed in 0.002s
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Type BETTER 'WORSE MIXED INC I NO-DIFF Total
Controlled experiment | 1(0) 0(0) 0(0) 2(2) 3(2)
Pilot study 1(1) 1(1) 3(1) 2(2) 7(5)
Industrial use 3(1) 1(1) 0(0) 0(0) 4(2)
Total 5(2) 2(2) 3(1) 4 (4) 14 (9)
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Type BETTER | WORSE | MIXED | INC | NO-DIFF | Total
Controlled experiment | 1(0) 2(2) 0(0) 3(3) 6(5)
Pilot study 6(5) 1(1) 0(0) 2(2) 9(8)
Industrial use 6(0) 0(0) 0(0) 1(1) 7(1)
Total 13 (5) 3(3) 0(0) 6 (6) 22 (14)





image6.png
Type BETTER 'WORSE MIXED INC I NO-DIFF Total
Controlled experiment | 2 (1) 0(0) 0(0) 3(3) 5 (4)
Pilot study 7(5) 1(1) 0(0) 1(1) 9(7)
Industrial use 1(0) 1(1) 0(0) 1(0) 3(1)
Total 10 (6) 2(2) 0(0) 5(4) 17 (12)
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Type BETTER | WORSE | MIXED | INC | NO-DIFF | Total

Controlled experiment | 3 (1) 0(0) 0(0) 1(1) 4(2)
Pilot study 6(5) 4 (4) 0(0) 4(3) 14 (12)
Industrial use 1(0) 5(1) 0(0) 1(0) 7(1)

Total 10 (6) 9(5) 0(0) 6 (4) 25(15)
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Requirement

N/A

Preconditions

No user is logged in and no applications are running.
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1. Log in as user “joetester” with password “test1234”.
2. Launch the application.

3. Select the File/Open menu item.

4. Enter “/usr/home/joetester/TESTDOC.DOC”.

5. Click OK.

Expected Resuls

1. Verify that the Open Window dialog box has been dismissed.
2. Verify that the file TESTDOC.DOC is loaded.

3. Verify that the file TESTDOC.DOC is given focus.

4. Verify that the file TESTDOC.DOC is active.
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• Type npm i in the terminal to install node_modules folder. 



• Type npm run build in order to convert from Typescript to JavaScript.  



• Type npm run start to start the application. 



• Navigate to http://localhost:5000 in the web browser. 



• Type npm run test to invoke automated testing by Jest, which will generate a test report in the 



terminal. 
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  Type 

npm i

 in the terminal to install node_modules folder. 

•

  Type 

npm run build

 in order to convert from Typescript to JavaScript.  

•

  Type 

npm run start

 to start the application. 

•

  Navigate to 

http://localhost:5000

 in the web browser. 

•

  Type 

npm run test 

to invoke automated testing by Jest, which will generate a test report in the 

terminal. 
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· Type npm i in the terminal to install node_modules folder.

· Type npm run build in order to convert from Typescript to JavaScript. 

· Type npm run start to start the application.

· Navigate to http://localhost:5000 in the web browser.

· Type npm run test to invoke automated testing by Jest, which will generate a test report in the terminal.
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TS controls.test.ts X

src > TS controls.test.ts > ...

1 import { Controls } from "./controls";

2

3 describe("when controls initialised", () => {

4 test("should add listener for key down", () => {
5

6 const mockedKey = jest.fn();

7

8 Controls.init();

9 Controls.onKeyReleased(mockedKey) ;

10

11 const event = new KeyboardEvent("keydown", { "code": Controls.SpaceKey});
12 window.dispatchEvent(event);

13

14 expect (mockedKey) . toBeCalledTimes(1);

15 s

16 });
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| | | | |
File | % Stmts | % Branch | % Funcs | % Lines | Uncovered Line #s
| | | | |
ALl files | 90.42 | 91.18 | 87.06 | 91.72 |
src | 89.93 | 90.63 | 86.67 | 91.34
application.ts | 100 | 100 | 100 | 100 |
bonus. ts |  91.67 | 100 | 80 | 91.67 | 34
bonusesgenerator.ts | 100 | 100 | 100 | 100 |
canvas. ts | 78.26 | 100 | 75 | 78.26 | 45,46,51-53
controls.ts | 100 | 100 | 100 | 100 |
endgamescreen. ts | 78.26 | 75 | 75 | 78.26 | 37,41,49,57,66
game. ts | 93.2 | 83.33 | 100 | 93.02 | 76-78
gameboard. ts |  86.3 | 100 | 82.35 | 90.77 | 126,130-132,138,139
gameobject.ts | 100 | 100 | 100 | 100 |
legend.ts | 100 | 100 | 100 | 100 |
obstacle.ts | 88.89 | 100 | 66.67 | 88.89 | 22
obstaclesgenerator.ts | 100 | 100 | 100 | 100 |
rover.ts | 88.89 | 100 | 88.89 | 88.89 | 40,45,46
startgamescreen.ts | 100 | 50 | 100 | 100 | 22
timer.ts | 87.5 | 100 | 75 | 100 |
src/models | 96 | 100 | 90 | 9% |
constants.ts | 75 | 100 | 66.67 | 75 | 4
direction.ts | 100 | 100 | 100 | 100 |
position.ts | 100 | 100 | 100 | 100 |
rect.ts | 100 | 100 | 100 | 100 |
| | | |

|
Test Suites: 15 passed, 15 total

Tests: 63 passed, 63 total
Snapshots: @ total
Time: 11.667s

Ran all test suites.
jest-html-reporter >> Report generated (/U;ers[aali/Desktop/rovgr game copy/test—report.html)
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| | | | |

Test Suites: 15 passed, 15 total

Tests: 63 passed, 63 total
Snapshots: @ total
Time: 4.318s, estimated 8s

Ran all test suites.
jest-html-reporter >> Report generated (/Users/aali/Desktop/rover game copy/test-report.html)
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test("should increase legend score by value", () => { 
    //mock legend score increase function 
    const mockLegendScore = jest.fn(); 
 
    //mocked legend type 
    const mockedLegendType = Legend as jest.Mock<Legend>; 
    //set mocked functtion to legend type 
    mockedLegendType.prototype.increaseScoreBy = mockLegendScore; 
    //instantiate mocked legend type 
    const mockedLegend = new mockedLegendType(); 
 
    //set jest to return mocked legend instance 
    mockedLegendType.mockImplementation(() => { 
      return mockedLegend; 
    }); 
 











Microsoft_Word_Document1.docx
test("should increase legend score by value", () => {

    //mock legend score increase function

    const mockLegendScore = jest.fn();



    //mocked legend type

    const mockedLegendType = Legend as jest.Mock<Legend>;

    //set mocked functtion to legend type

    mockedLegendType.prototype.increaseScoreBy = mockLegendScore;

    //instantiate mocked legend type

    const mockedLegend = new mockedLegendType();



    //set jest to return mocked legend instance

    mockedLegendType.mockImplementation(() => {

      return mockedLegend;

    });
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  //create new rotated shape by 90 degree to the right 
  private getRotatedShape(): number[][] { 
    const newShape: number[][] = []; 
 
    for (let i = 0; i < this.shape.length; i++) { 
      const x =  this.shape[i][0]; 
      const y =  this.shape[i][1]; 
      const newX = this.getLastSquareX() - y; 
      const newY = x; 
      newShape.push([newX, newY]); 
    } 
 
    return newShape; 
  } 
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  //create new rotated shape by 90 degree to the right

  private getRotatedShape(): number[][] {

    const newShape: number[][] = [];



    for (let i = 0; i < this.shape.length; i++) {

      const x =  this.shape[i][0];

      const y =  this.shape[i][1];

      const newX = this.getLastSquareX() - y;

      const newY = x;

      newShape.push([newX, newY]);

    }



    return newShape;

  }
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    //find rotation anchor on x axis 
    getLastSquareX() { 
        let lastX = 0; 
        for (let i = 0; i < this.shape.length; i++) { 
            const square = this.shape[i]; 
            if (square[0] > lastX) 
                lastX = square[0]; 
        } 
        return lastX; 
    } 
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    //find rotation anchor on x axis

    getLastSquareX() {

        let lastX = 0;

        for (let i = 0; i < this.shape.length; i++) {

            const square = this.shape[i];

            if (square[0] > lastX)

                lastX = square[0];

        }

        return lastX;

    }
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//test section 
describe("When Tetromino Is Rotating", () => { 
    //test 
    test("Should Rotate When E Pressed", () => { 
 
        //init canvas 
        Controls.init(); 
 
        //set mock functions implementations 
        boardMock.prototype.canMoveLeft = jest.fn().mockImplementation(() => { 
            return true; 
        }); 
 
        boardMock.prototype.canMoveRight = jest.fn().mockImplementation(() => { 
            return true; 
        }); 
 
        boardMock.prototype.canMoveDown = jest.fn().mockImplementation(() => { 
            return true; 
        }); 
 
        //instantiate tetromino 
        const tetromino = new Tetromino(new boardMock(), gameBlockZ, defaultcolour); 
        const initialShape = tetromino.Shape; 
 
        //simulate keyboard event 
        const event = new KeyboardEvent("keydown",  { "code": Controls.EKey}); 
        window.dispatchEvent(event); 
 
        //assert 
        expect(tetromino.Shape).not.toEqual(initialShape); 
    }); 
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//test section

describe("When Tetromino Is Rotating", () => {

    //test

    test("Should Rotate When E Pressed", () => {



        //init canvas

        Controls.init();



        //set mock functions implementations

        boardMock.prototype.canMoveLeft = jest.fn().mockImplementation(() => {

            return true;

        });



        boardMock.prototype.canMoveRight = jest.fn().mockImplementation(() => {

            return true;

        });



        boardMock.prototype.canMoveDown = jest.fn().mockImplementation(() => {

            return true;

        });



        //instantiate tetromino

        const tetromino = new Tetromino(new boardMock(), gameBlockZ, defaultcolour);

        const initialShape = tetromino.Shape;



        //simulate keyboard event

        const event = new KeyboardEvent("keydown",  { "code": Controls.EKey});

        window.dispatchEvent(event);



        //assert

        expect(tetromino.Shape).not.toEqual(initialShape);

    });
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constructor(board: Board, template: GameBlock, colour: string) { 
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constructor(board: Board, template: GameBlock, colour: string) {
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if (key == Controls.SKey) { 
        //create new position down 
        const nextPositionY = this.positionY + 1; 
        //check if shape can be moved to new position 
        if (this.canMoveDown(this.positionX, nextPositionY)) { 
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if (key == Controls.SKey) {

        //create new position down

        const nextPositionY = this.positionY + 1;

        //check if shape can be moved to new position

        if (this.canMoveDown(this.positionX, nextPositionY)) {
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if (!this.board.canMoveDown(this, x, y)) { 
                return false; 
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if (!this.board.canMoveDown(this, x, y)) {

                return false;
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      //on Space key - move rover 
      if (key == Controls.SpaceKey) { 
        this.rover.move(); 
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      //on Space key - move rover

      if (key == Controls.SpaceKey) {

        this.rover.move();
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//check for bonuses in new position 
        this.gameBoard.checkBonusInPosition(newPosition); 
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//check for bonuses in new position

        this.gameBoard.checkBonusInPosition(newPosition);
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  //check for bonuses collision 
  public checkBonusInPosition(position: Position): void { 
    const bonusInPosition = this.bonuses.find(x => x.Position.x == position.x && 
x.Position.y == position.y); 
    //if bonus is here 
    if(bonusInPosition !== undefined) { 
      //and if bomb - end game 
      if(bonusInPosition.IsBomb) { 
        this.game.stop(); 
        return; 
      } 
 
      //else increase score 
      this.game.increaseScoreBy(1); 
      this.bonuses = []; 
      this.generateBonuses(); 
    } 
  } 
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  //check for bonuses collision

  public checkBonusInPosition(position: Position): void {

    const bonusInPosition = this.bonuses.find(x => x.Position.x == position.x && x.Position.y == position.y);

    //if bonus is here

    if(bonusInPosition !== undefined) {

      //and if bomb - end game

      if(bonusInPosition.IsBomb) {

        this.game.stop();

        return;

      }



      //else increase score

      this.game.increaseScoreBy(1);

      this.bonuses = [];

      this.generateBonuses();

    }

  }
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constructor() { 
    this.gameBoard = new GameBoard(this); 
    this.rover = new Rover(this.gameBoard); 
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constructor() {

    this.gameBoard = new GameBoard(this);

    this.rover = new Rover(this.gameBoard);
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    //on keyboard release 
    Controls.onKeyReleased((key: string) => { 
      //on E key - rotate rover 
      if (key == Controls.EKey) { 
        this.rover.rotate(); 
      } 
 
      //on Space key - move rover 
      if (key == Controls.SpaceKey) { 
        this.rover.move(); 
      } 
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    //on keyboard release

    Controls.onKeyReleased((key: string) => {

      //on E key - rotate rover

      if (key == Controls.EKey) {

        this.rover.rotate();

      }



      //on Space key - move rover

      if (key == Controls.SpaceKey) {

        this.rover.move();

      }
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//test section 
describe("when game is instantiated", () => { 
  //execute before each test 
  beforeEach(() => { 
    //clear jest mocks 
    jest.clearAllMocks(); 
    //set fake html content 
    document.body.innerHTML = "<canvas id=\"canvas\">"; 
    //init controls 
    Controls.init(); 
    //init canvas 
    Canvas.init(); 
  }); 
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//test section

describe("when game is instantiated", () => {

  //execute before each test

  beforeEach(() => {

    //clear jest mocks

    jest.clearAllMocks();

    //set fake html content

    document.body.innerHTML = "<canvas id=\"canvas\">";

    //init controls

    Controls.init();

    //init canvas

    Canvas.init();

  });




image52.png
File =
tetris

tetris/gameobjects
tetris/gameobjects/templates
tetris/infastructure

tetris/infastructure/models

Statements

71.43%

65.88%

100%

80%

100%

20/28

222/337

38/38

56/70

8/8

Branches

50%

65.63%

100%

100%

100%

2/4

63/96

0/0

Functions

71.43%

64.62%

100%

64%

100%

42/65

7

16/25

2/2

Lines

71.43%

66.67%

100%

79.03%

100%

20/28

210/315

31/31

49/62

8/8




image53.emf



//main update loop 
    this.timer = new Timer(() => { 
  
      //clear screen 
      Canvas.instance.clear(); 
  
      if(!this.isPlaying) { 
        this.endGameScreen.setScore(this.legend.score); 
        this.endGameScreen.update(); 
        return; 
      } 
  
      //update objects 
      this.board.update(); 
      this.legend.update(); 
    }); 
  } 
  
  public increaseScoreOn(score: number): void { 
    this.legend.increaseScoreOn(score); 
  } 
 










//main update loop 

    this.timer = new Timer(() => { 

  

      //clear screen 

      Canvas.instance.clear(); 

  

      if(!this.isPlaying) { 

        this.endGameScreen.setScore(this.legend.score); 

        this.endGameScreen.update(); 

        return; 

      } 

  

      //update objects 

      this.board.update(); 

      this.legend.update(); 

    }); 

  } 

  

  public increaseScoreOn(score: number): void { 

    this.legend.increaseScoreOn(score); 

  } 
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//main update loop

    this.timer = new Timer(() => {

 

      //clear screen

      Canvas.instance.clear();

 

      if(!this.isPlaying) {

        this.endGameScreen.setScore(this.legend.score);

        this.endGameScreen.update();

        return;

      }

 

      //update objects

      this.board.update();

      this.legend.update();

    });

  }

 

  public increaseScoreOn(score: number): void {

    this.legend.increaseScoreOn(score);

  }
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All files tetris/gameobjects
65.88% Statements 222/337 65.63% Branches 63/96 64.62% Functions 42/65  66.67% Lines 210/315

Press n orj to go to the next uncovered block, b, p or k for the previous block.

File Statements Branches Functions Lines

board.ts I 59.29% 67/113 68.89% 31/45 52.38% 121 60% 63/105
cellts I 100% 5/5 100% 0/0 100% 2/2 100% 5/5
endGameScreen.ts I 63.64% 21/33 16.67% 16 45.45% 5/11 63.64% 21/33
gameobject.ts ] 100% 11 100% 0/0 100% 0/0 100% 11
legend.ts [ ) 52.94% 7 100% 0/0 60% 3/5 52.94% 917
startGameScreen.ts I 100% 14/14 50% 112 100% a/4 100% 14/14
tetromino.ts [ 66.21% 96/145 69.77% 30/43 75% 15/20 67.18% 88/131
tetrominoGeneratorts | 100% o9 100% 0/0 100% 2/2 100% 99
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80% Statements 56/70  100% Branches /0 64% Functions 16/25  79.03% Lines 45/62
Press n orj to go to the next uncovered block, b, p or k for the previous block.

File Statements Branches Functions Lines

canvas.ts L E— 60.71% 17/28 100% 0/0 45.45% 5/11 60.71% 17/28
constants.ts I 75% 3/4 100% 0/0 66.67% 2/3 75% 3/4
controls.ts | 100% 18/18 100% 0/0 100% 7 100% 16/16
index.ts. | 100% 12/12 100% 0/0 100% 0/0 100% m
timer.ts I 75% 6/8 100% 0/0 50% 2/4 85.71% 67
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90.42% Statements 283/313  91.18% Branches 31/34  87.06% Functions 74/85  91.72% Lines 277/302

Press n or  to go to the next uncovered block, b, p or k for the previous block.

File « Statements Branches Functions Lines

259/288 90.63% 29/32 86.67% 65/75 91.34% 253/277
src/models

src I | 89.93%
I

96% 24/25 100% 2/2

920% 9/10 96% 24/25
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All files src

89.93% Statements 259/288  90.63% Branches 20/32  86.67% Functions 65/75  91.34% Lines 253/277
Press n orj to go to the next uncovered block, b, p or k for the previous block.

File ~ Statements Branches Functions Lines
application.ts I 100% mn 100% 0/0 100% 11 100% m
bonus.ts = 91.67% 112 100% 0/0 80% 415 91.67% 112
bonusesgenerator.ts . | 100% 12/12 100% 0/0 100% 22 100% 12/12
canvas.ts I | 78.26% 18/23 100% 0/0 75% 6/8 78.26% 18/23
controls.ts | 100% 99 100% 0/0 100% /4 100% 88
endgamescreen.ts = 78.26% 18/23 75% 3/4 75% 3/4 78.26% 18/23
game.ts I | 93.02% 40/43 83.33% 5/6 100% 10/10 93.02% 40/43
gameboard.ts | — 86.3% 63/73 100% 18/18 82.35% 1417 90.77% 50/65
gameobject.ts | 100% n 100% 0/0 100% 0/0 100% 1”1
legend.ts | 100% 13/13 100% 0/0 100% 3/3 100% 13/13
obstacle.ts | — 88.89% 89 100% 0/0 o067 23 88.89% 8/9
obstaclesgeneratorts | 100% 111 100% 0/0 100% 2/2 100% 10/10
roverts = 88.89% 24/27 100% 22 88.89% 8/9 88.89% 24/27
startgamescreen.ts | 100% 1717 50% 12 100% | 33 100% 1717
timerts ‘ I | | 875% 718 100% 00 75% 3/4 100% mn
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public

this.
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public

this.
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fillRectWithColour(colour: string, rect: Rect): void {
context.fillStyle = colour;
ontext.fillRect(rect.x, rect.y, rect.width, rect.height);

strokeRectWithLine(lineWidth: number, rect: Rect): void {
context.strokeStyle = Constants.defaultTextColour;

context. lineWidth = lineWidth;

context.strokeRect(rect.x, rect.y, rect.width, rect.height);
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//Draw text and background 
  public update(): void { 
    Canvas.instance.fillRectWithcolour( 
      this.colour, 
      new Rect(this.position.x, this.position.y, this.width, this.height) 
    ); 
    Canvas.instance.textWithFont( 
      "Game Over", 
      Constants.defaultFontWithSize(24), 
      new Position( 
        this.position.x + this.width / 2 - 70, 
        this.position.y + 100 
      ) 
    ); 
    Canvas.instance.textWithFont( 
      "Score", 
      Constants.defaultFontWithSize(24), 
      new Position( 
        this.position.x + this.width / 2 - 50, 
        this.position.y + 150 
      ) 
    ); 
    Canvas.instance.textWithFont( 
      this.score.toString(), 
      Constants.defaultFontWithSize(24), 
      new Position( 
        this.position.x + this.width / 2 + 20, 
        this.position.y + 150 
      ) 
    ); 
  
    Canvas.instance.textWithFont( 
      "Press Space to Play again", 
      Constants.defaultFontWithSize(20), 
      new Position( 
        this.position.x + this.width / 2 - 130, 
        this.position.y + 400 
      ) 
 










//Draw text and background 

  public update(): void { 

    Canvas.instance.fillRectWithcolour( 

      this.colour, 

      new Rect(this.position.x, this.position.y, this.width, this.height) 

    ); 

    Canvas.instance.textWithFont( 

      "Game Over", 

      Constants.defaultFontWithSize(24), 

      new Position( 

        this.position.x + this.width / 2 - 70, 

        this.position.y + 100 

      ) 

    ); 

    Canvas.instance.textWithFont( 

      "Score", 

      Constants.defaultFontWithSize(24), 

      new Position( 

        this.position.x + this.width / 2 - 50, 

        this.position.y + 150 

      ) 

    ); 

    Canvas.instance.textWithFont( 

      this.score.toString(), 

      Constants.defaultFontWithSize(24), 

      new Position( 

        this.position.x + this.width / 2 + 20, 

        this.position.y + 150 

      ) 

    ); 

  

    Canvas.instance.textWithFont( 

      "Press Space to Play again", 

      Constants.defaultFontWithSize(20), 

      new Position( 

        this.position.x + this.width / 2 - 130, 

        this.position.y + 400 

      ) 

 


Microsoft_Word_Document15.docx
//Draw text and background

  public update(): void {

    Canvas.instance.fillRectWithcolour(

      this.colour,

      new Rect(this.position.x, this.position.y, this.width, this.height)

    );

    Canvas.instance.textWithFont(

      "Game Over",

      Constants.defaultFontWithSize(24),

      new Position(

        this.position.x + this.width / 2 - 70,

        this.position.y + 100

      )

    );

    Canvas.instance.textWithFont(

      "Score",

      Constants.defaultFontWithSize(24),

      new Position(

        this.position.x + this.width / 2 - 50,

        this.position.y + 150

      )

    );

    Canvas.instance.textWithFont(

      this.score.toString(),

      Constants.defaultFontWithSize(24),

      new Position(

        this.position.x + this.width / 2 + 20,

        this.position.y + 150

      )

    );

 

    Canvas.instance.textWithFont(

      "Press Space to Play again",

      Constants.defaultFontWithSize(20),

      new Position(

        this.position.x + this.width / 2 - 130,

        this.position.y + 400

      )
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Al files src/models

96% Statements 24/25

100% Branches 2/2

90% Functions 9/10

96% Lines 24/25

Press n orj to go to the next uncovered block, b, p or k for the previous block.

File Statements Branches Functions Lines
constants.ts (| 75% 3/4 100% 0/0 66.67% 23 75% 3/4
direction.ts I 100% 13/13 100% 22 100% 5/5 100% 13/13
position.ts | 100% 3/3 100% 0/0 100% 11 100% 33
rectts | 100% 5/5 100% 0/0 100% 17 100% 5/5
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//Global constants 
export class Constants { 
    public static get defaultFont(): string { 
        return this.defaultFontWithSize(21); 
    } 
 










//Global constants 

export class Constants { 

    public static get defaultFont(): string { 

        return this.defaultFontWithSize(21); 

    } 

 


Microsoft_Word_Document16.docx
//Global constants

export class Constants {

    public static get defaultFont(): string {

        return this.defaultFontWithSize(21);

    }
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