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1. Introduction 

1.1 Background of the Survey 

With the widespread use of computer applications in almost 

every business, the reliability of software becomes critically 

important. It does not only affect the operation of a business 

but can have implications on human lives or the stability of a 

society. While software testing is one of the most effective 

measures in assuring and improving the reliability of software 

(Hutcheson, 2003; Myers, 2004; Perry, 2000), it is believed 

that not all software developers take a formal and systematic 

approach in carrying out this important software development 

task. Many organizations may still take an ad hoc approach 

towards software testing and may not provide adequate 

resources to accomplish this task. 

This survey aims to understand the situation of software 

testing in the software development environment in Hong 

Kong. This is also as a step in promoting the importance of 

software testing and the awareness of available testing 

methodologies and tools. This will facilitate the development 

of a standard approach towards software testing, and hence, 

improve the quality of software applications. 



The present survey forms part of a regional study. Similar 

surveys have been conducted by research collaborators in 

Australia (Ng, 2004), Shanghai and Singapore. It is 

anticipated that results of the studies at different locations wilr 

serve as a basis for a comparative study of software testing 

practices across different places of the region. 

1. 2 Objectives 

This survey was conducted with the aims to: 

a. understand the current software testing practices in 

Hong Kong 

b. identify good practices for software testing 

c. examine whether current education and training in 

software testing meets the requirements of the industry 

1.3 Survey Methodology 

A questionnaire designed along with researchers in Australia, 

Shanghai and Singapore was used for the survey. The 

questions in the questionnaire were designed to gather 

information from software testing practitioners and software 

project managers in the areas of software testing standards, 

practices, automated tools, and training and education. The 
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collected data were used to derive measures on the industrial 

practices in the field of software testing in Hong Kong. To 

facilitate consistency and data integrity of the responses to the 

questionnaire in view of interpreting the technical 

terminologies involved. face-to-face interviews were 

conducted with the respondents by two trained research 

assistants. 

1.4 Survey Population 

Letters/email messages were sent to selected government 

departments and non-government organizations as well as 

private firms to invite their participation for a survey interview. 

A total of 34 organizations/ companies took part in the 

interviews. People with responsibility for managing software 

development and/or software testing from ·organizations of 

different backgrounds were invited to take part in a survey 

interview. A total of 34 interviews were conducted 

successfully. The participating organizations came from 

different sectors, including Government (14.6%), public non

commercial (17.7%), local commercial (50%) and overseas

based commercial (17.7%). 
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The organizations in this survey also represented a variety of 

industry types including banking, finance and insurance 

( 11.8% ), education and training ( 11.8% ), manufacturing and 

engineering (2.9%), research and development (8.8%), 

software house and IT consultancy (35.3%) and others 

(29.4%). 

In terms of the size of the organizations, over half of the 

organizations in this survey (55.9%) employed over 500 full

time staff and 11.8% had a workforce of 1 00 to 499 full-time 

staff. There were 2.9% organizations employed 50 to 99 full

time staff while 5.9% of the organizations employed 20 to 49 
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full-time staff. The remaining 23.5% were smaller ones 

employing fewer than 20 full-time staff. 

Regarding the employment of full-time staff specifically in 

relation to IT, 20.6% employed 250 or more IT staff, 29.4% 

had 50 to 249, 11.8% had 25 to 49, 14.7% had 10 to 24 and 

23.5% had less than 10. 
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2. Findings and Discussion 

The survey measured several key aspects of software· testing 

practices in the IT industry in Hong Kong, such as the extent 

that software testing practices have been adopted by 

organizations, the subsequent benefits and · any related 

problems in adopting these practices. This section presents 

the findings under the following areas: (1) overview of 

software testing practices in Hong Kong; (2) software testing 

methodologies and techniques; (3) use of automated testing 

tools; (4) use of metrics; (5) use of testing standards and (6) 

education and training in software testing. 

Background information of software testing (ST), testing 

methodologies (TM), testing techniques (TT), automated 

testing tools (A TT), software testing metrics (STM} and testing 

standards (TS) can be found in the following references: 
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2.1 Overview of Software Testing Practices in 
Hong Kong 

. ' 

2.1.1 Experience in software development and software 
testing management 

All the organizations in the survey had over 2 years of 

software development experience. Half of them had over 10 

years of experience. A majority of the applications developed 

were either Windows-based or Internet-based. Most 

organizations (56%) went for complete in-house development. 

The rest had varying degree of outsourcing. System 

specifications were mainly represented by semi-formal 

methods. 

Nearly all the organizations (97 .1%) in this survey practiced 

software testing management (Hutcheson, 2000; IEEE, 1989). 

The most experienced ones, having over 20 years of 

experience, accounted for 23.5% of the organizations in this 

study. 14.7% had 11 to 19 years, 11.8% had 6 to 10 years, 

38.2% had 2 to 5 years and a small proportion (8.8%) had 
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less than 2 years. The weighted average experience of 

software testing management was over 9 years. 

2.1.2 Proportion of project budget allocated to testing 

7 of the organizations reported the highest allocation (30-39%) 

of the development budget to software testing in their 

development plans. 9 allocated 20-29%, 14 allocated 10-19%, 

and 2 less than 10%. The weighted average of budget 

allocated to software testing of these organizations was 21 .6%. 

When asked about the ratio of actual to estimated costs of 

testing, nearly half of the organizations ( 47.1%) indicated that 

they spent according to the budget and 35% reported over 

budget. Organizations whose actual testing costs were 50% 

over budget accounted for 23.5%, while those whose actual 

costs doubled the budget accounted for 11 .8%. Only a 

minority of 5.9% of the organizations reported that their actual 

testing costs were under budget by about 50%. The weighted 

average was 1.2. A rough estimation of the software testing 

expenses was about 26% of the software development budget. 

Hence, many organizations underestimated the required 

resources that should be allocated to software testing. 
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2.1.3 The use of independent testing team and dedicated 
testing manager 

38% of the organizations appointed a designated person 

solely responsible for the management of software testing 

activities. The use of independent testing teams (Hutcheson, 

2003) with testers who were not directly involved in the 

development of the software systems was reported by 35.3% 

of the organizations. 

2.1.4 User Acceptance Test (UAT) Team 

The survey indicated that UAT was a very common practice, 

with a majority of 76.5% of the organizations in the survey 

indicating that they would establish a formal UAT team for 

every software application developed. 

2.2 The Use of Software Testing Methodologies 
and Techniques 

2.2.1 Use of structured testing methodology 

Almost all organizations in this survey (97.1%) adopted one or 

more structured testing methodologies in software testing in 

the past 3 years. Used methodologies included static analysis, 

dynamic analysis, selection of test cases, mutation analysis, 

data flow analysis, symbolic analysis and program 

instrumentation (Seizer, 1995; Copeland, 2004; Myers, 2004; 

Perry, 2000; Poston, 1996). About three-fourth of the 
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organizations (75.8%) had high proportion (80-1 00%) of 

software development projects tested using one or more of 

these methodologies. Another 15.2% organizations used them 

in 60-79% of their projects. The weighted average percentage 

of software development projects tested based on testing 

methodologies in this survey was 78.2%. 

Table 2.2.1 Percentage of projects tested using structured testing 

*Note: One organization did not respond to this question. 

2.2.2 Background of software testing training 

Most organizations (67.6%) supported their software testing 

staff to attend training relevant to software testing. This is 

comparable to the 72% reported in the Australian study (Ng, 

2004 ). Most courses were provided in-house or by private 

course providers. The major perceived the benefit of providing 

training was for improvement in productivity. 
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For the 12 organizations that had independent testing teams, 

when asked about the proportion of testers who had 

completed formal training in software testing, they gave 

varying responses. 33.3% had less than 20% of the team 

members who had gone through formal training in software 

testing. Another 16.7% had 40%-59% of trained testers. 8.3% 

had 60%-79% and 33.3% had 80%-100% of trained testers. 

The weighted average percentage of testing team members 

who have completed formal training in these 12 organizations 

was 47.5%. Although organizations without independent 

testing teams were not asked to respond, it was believed that 

the extent of training in software testing would be even lower. 

The present study also revealed that most companies had 

only a small proportion of testing team members who had 

completed formal training in software testing during their 

university education. Over half of the organizations (58.3%) 
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indicated a low percentage of testers (less than 20%) did so. 

25% of the organizations reported having 40%-59% and only 

one company reported a high percentage (80-100%) of their 

testers had completed formal training in software testing at 

universities. The weighted average percentage of testing team 

members of the 12 organizations who had received formal 

training in software testing from universities was 28%. 

Table 2.2.2b Percentage oftesters having completed formal 
at Universities 

With regard to the proportion of testers who had completed 

formal training in software testing by attending in-service 

training courses, responses from the organizations again 

varied. A quarter of the organizations with independent testing 

teams had a small proportion of testers (less than 20%) 

trained by in-service courses while 41.7% of the organizations 

reported a high proportion of 80-100%. Those reported 40-

59% and 60-79% testers trained by in-service training courses 

accounted for 16.7% and 8.3% respectively. The weighted 

average percentage of members of independent testing teams 
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who had completed formal training by attending in-service 

training courses in this survey was 59%. 

Table 2.2.2c 

2.2.3 Popularity of different software testing methodologies 

2.2.3.1 Selection oftest cases 

In the selection of test cases, the most commonly. used 

methods were based on the Black Box (specification-based) 

testing approach (Seizer, 1995; Myers, 2004; Poston, 1996). It 

was more popular than White Box (code-based) methods 

(Copeland, 2004; Myers, 2004). 91.2% of the organizations 

reported using the former ones and only 35.3% were using the 

latter. Among the Black Box methodologies, random testing 

(58.8%) was the most commonly used, followed by boundary 

value analysis (50%). Error guessing (35.3%), cause-effect 

graphing (27%) and equivalence partitioning (20.6%) were 

less common. Among the White Box methodologies, branch 
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analysis was by far the most common one, used by 9 (75%) 

organizations reporting the use of white box methodologies. 

The others were less common, such as predicate analysis 

(50%) and statement analysis (50%). 

2.2.3.2. Static analysis 

This was the second most-commonly used method of software 

testing, with 70.6% organizations using it. Most organizations 

manually read and inspected documents and codes. Only 

17.6% organizations reported the use of automated tools to 

conduct inspections (Myers, 2004). 

2.2.3.3 Dynamic analysis 

This was used by 64.7% organizations in this survey. Similar 

to the case in static analysis, a higher proportion of 

organizations conducted code walkthrough (Myers, 2004) 

manually and a lower percentage ( 14.7%) had the support of 

automated tools. 

2.2.3.4 Other methodologies 

Data flow analysis was used by 61.8% organizations. Other 

less commonly used methodologies included program 

instrumentation (32.4%), mutation analysis (29.4%) and 

symbolic analysis (11.8%). 

15 



2.2.4 Use of pre-defined testing standards 

76.5% organizations in this survey adopted pre-defined 

software testing standards. Among them, 84.6% reported the 

use of standards developed in-house and 34.6% used 

published standards. The total of these two categories was 

over 100% as some (26.9%) of them used a combination of 

both in-house and published standards. 

2.2.5 Perceived improvement in testing efficiencies 

Improvement in cost efficiency in using structured software 

testing methodologies was perceived by majority of the 

organizations (81.8%), only one organization (3%) perceived 

the other way. 15.2% organizations in this survey were not 

sure of the relationship between cost efficiency and the use of 

structured software testing methodologies. 

2.2.6 The extent to which formal testing methodologies are 
adopted is related to the organization size and type 

Almost all organizations in the survey used some forms of 

formal testing methodologies. It was unable to conclude any 

relations to the sizes and types of organizations. 

2.2.7 Specification-derived test cases 

Specification-derived (Poston, 1996) test cases were common 

within organizations in this survey. Over half of the 

organizations (55.9%) in this survey had a large proportion 

(80-100%) of test cases derived from specifications. Those 
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who had 60-79% test cases derived from specifications 

accounted for 26.5% organizations. Only a few organizations 

(5.9%) had less than 20% specification-driven test cases. The 

weighted average percentage of test cases derived from 

specifications in this study was 73.5%. 

2.2.8 Defects related to system specifications 

It is of interest to know how many of the software errors 

detected are related to system specification defects. Over the 

past three years, 45.5% of the organizations in this survey had 

less than 20% of software defects detected related to defects 

in system specifications. 21.2% had 20-39% of such defects. 

Organizations that reported 40-59% and 60-79% software 

defects being related to system specifications accounted for 

18.2% and 12.1%, respectively. One organization (3%) 

reported a high proportion (80-100%) of specification-related 

software defects. One organization did not respond to this 
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question. The weighted average percentage of software 

defects related to defects in system specifications was 31%. 

2.2.9 Tracking of specification changes 

A majority of organizations in this survey had procedures to 

track specification changes in the project life cycle. 79.4% 

organizations had formal process/procedures for the approval 

of requirement and specification changes during the software 

development process, and such changes were formally 

documented during the system development life cycle for most 

of the organizations (85.3% ). 

2.2.1 0 Updating of test plans to reflect specification changes 

Over half of the organizations (67.6%) had a standard 

template of test plan available. Among them, 39.1% reported 

that they always updated such plans to reflect requirement 

and specification changes. Those who reported they updated 

test plans "quite often" and "occasionally" accounted for 

34.8% and 26.1% respectively. 
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2.3 The Use of Automated Testing Tools 

Twenty four organizations (70.6%) in this survey used one or 

more automated testing tools (Beizer, 1995; Hutcheson, 2003; 

Poston, 1996) in software testing. While all organizations 

generally felt that using automated testing tools would be 

useful. Twenty one organizations thought that it was costly. 

Eleven organizations felt that it was time-consuming. These 

two items were cited as the major barriers in wider use of 

automated testing tools. 

2.3.1 Types of automated testing tools used 

Out of the 24 organizations, 5 of them (21%) used tools both 

developed in-house and from existing commercial products; 9 

(37.5%) used only tools developed in-house and 10 (41.5%) 

used only tools from existing commercial products. 

The most common activity that automated tools were being 

used was for test execution. 71% of the 24 organizations used 

automated tools for this purpose. Other common activities that 

automated tools were used were for regression testing (50%) 

and result analysis and reporting ( 46% ). Other less common 

usage included generating test cases/test scripts (37.5% ), 

code analysis (25%) and test planning and management 

(21%). 
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2.3.2 The extent of using automated tools 

Organizations using automated tools showed varying extents 

of usage. 37.5% organizations that used automated tools 

reported a limited extent of usage, with less than 20% of their 

software applications being tested by such tools. The 

remaining organizations were quite evenly spread-out in terms 

of the extent of usage, with equal percentage (16.7%) using 

automated tools to test 20-39%,60-79% and 80-100% of their 

software applications. 12.5% using automated tools to test 40-

59% of their software applications. The weighted percentage 

of software applications being tested by automated tools in 

this survey was 47%. 

2.3.3 Perceived improvements in testing efficiency (quality of 
software) 

Improvement in testing efficiency was perceived by 83.3% of 

the organizations that used automated tools. Only a few 

organizations (8.3%) did not think that the use of automated 
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tools improved efficiency and another 8.3% were unsure of 

the effect. 

2.4 The Use of Metrics 

2.4.1 Use of metrics to record testing effectiveness 

58.8% organizations made use some form of metrics to 

measure and record the effectiveness of testing. The majority 

of the organizations, accounted for 80% of those that used 

software metrics, counted the number of defects detected. 

Other used metrics included defect detection rate (40%), 

defect density (10%) and defect repair rate (10%) (Hutcheson, 

2003). 

Table 2.4.1 Percentage of applications developed involving the use of 

40% of the organizations that used metrics applied such 

usage to a high proportion (80-100%) of software applications. 

Other organizations gave varying responses. An equal 

percentage of organizations ( 15%) had less than 20%, 40-
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59% and 60-79% ~oftware applications developed that 

involved the use of metrics in the past 3 years. The weighted 

average percentage of software developed involving · the use 

of metrics was 58.5%. 

2.4.2 Perceived improvements in software development by 
the use of metrics 

Among the 58.8% organizations that used metrics, 66.7% 

recognized the use of metrics had improved the quality of 

software. 28.6% were not sure of its effectiveness. Only one 

organization did not see the use of metrics could improve 

software quality. 

2.5 The Use of Software Testing Standards 

2.5.1 Adoption · of testing · standards and accreditation of 
software development processes 

. . . ·. 

26 organizations (76.5%) had adopted some form of software 

testing standards. 7 of them (27%) used both published and 

in-house developed standards. 16 (62%) used only in-house 

developed standards and 3 ( 11%) used solely published 

standards (IEEE, 1986; IEEE, 1989). 

9 of the 26 organizations (35%) had their software 

development processes accredited. 44.4% of which had been 

accredited for 1-4 years and the rest (66.6%) had gained 
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accreditation for 6-10 years. 1809001 series (Gillies, 1997) 

was the most common accreditation standard, acquired by 7 

organizations. CMM (Raynus, 1999), Level 2 accreditation 

was acquired by 2 organizations and CMM Level 5 by 1. 

There was one organization acquiring both the 1809001 and 

CMM accreditations. 

2.5.2 Perceived improvements in software quality by the use 
of standards 

77% of the organizations that used software testing standards 

recognized this as a way to improve the quality of software 

development. Out of the 34 organizations in the survey, cost 

and time concerns were reported as the most common factors 

hindering wider usage. About half of the organizations cited 

these two as the barriers in using software testing standards. 

2.5.3 Purposes of acquiring accreditation 

The most common purpose of acquiring accreditation of 

software testing standards was to raise organizational profile. 

80% of the accredited organizations indicated this as one of 

the purposes. The other purposes of acquiring accreditation 

indicated by the organizations included: i) to encourage 

awareness of quality assurance (60%); ii) to improve quality of 

testing methods and software (40%). 
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2.6 Education and Training in Software Testing 

2.6.1 Software testing education in universities 

Overall, only a small portion of testing team members in this 

survey had received formal training in software testing within 

their university education. Even among the 12 organizations 

that had independent testing team, the weighted average was 

28%. In a survey of software professionals conducted by 

Lethbridge {Lethbridge, 1998), most respondents indicated 

that they were either "vaguely familiar" or "learned the basics" 

about software testing. The findings from this and our survey 

seemed to reflect a general inadequacy of addressing 

software testing in the curricula of software engineering or 

related programmes in universities. A more detailed 

discussion of this issue can be found in {Chan, 2005). 

2.6.2 Use of internal training course to tackle· the lack of 
expertise in software testing 

The lack of expertise, cited by 52.9% organizations ih this 

study, was one of the common barriers hindering wider use of 

software testing methodologies. There were 23 (67.6%) 

organizations in this survey provided allowance/assistance for 

relevant staff to receive training in software testing. Among 

these organizations, external training courses offered by 

commercial organizations and internal training courses were 

the most popular sources of training, amounted to 65% and 
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61% of these organizations, respectively. Self-study was also 

a common form of training, reported by 39% of the 

organizations. Higher diploma courses of the Hong Kong 

Institutes of Vocational Education and short courses offered 

by universities were less common. These were used by 17% 

and 13% of the organizations, respectively. 

2.6.3 The extent of software testing training provided in 
relation to organization size and type 

Cross tabulations of data revealed that the provision of 

training was most prevalent in the banking, finance and 

insurance sector, with all organizations in this sector providing 

training to their software testing staff. 75% organizations in the 

education and training sector offered software testing training 

to relevant staff while 50% organizations in the Research and 

Development sector and the Software house and IT 

Consultancy provided such training. Little training in software 

testing was reported by the Manufacturing and Engineering 

sector. 

In terms of the organization size, smaller organizations 

sampled in this survey provided training to a lesser extent 

when compared to larger ones. Of all the organizations with 

fewer than 20 staff, only 37.5% provided software testing 

training. For those employing over 500 staff, 68.4% provided 

such training to their staff. Interestingly, all organizations 
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( 1 00%) employing 20-499 staff in the survey provided 

software testing training to their staff. 

In terms of the size of the IT team, the provision of training 

tended to be more prevalent as the size of the IT team 

increased. Among organizations with the smallest IT team size 

(fewer than 1 0 staff), 50% provided allowance/assistance to 

staff in software testing. This percentage increased to 60% 

with IT team size of 10-24 and 75% with those of 25-49 IT 

staff. Among organizations with 50-249 staff in their IT teams, 

90% of them had provisions for training. However, this 

proportion dropped to just 57% among organizations with the 

largest IT team size (250 staff or more) in the survey. 

2.6.4 Perceived improvements in productivity by the provision 
of training 

A majority of the organizations (91.3%) who provided 

assistance/allowance to staff in software testing training 

recognized the value of formal training in improving staff 

productivity. They also pointed out higher morale (30.4%) and 

staff retention (26.1%) as the benefits brought about by the 

provision of formal training in software testing. 
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2.6.5 Provision of training in relation to independent testing 
team 

The present survey showed that the provision of training was 

closely associated with the presence of an independent 

testing team within an organization. Among the 35.3% 

organizations that had an independent testing team, a majority 

(83%) provided allowance/assistance for relevant software 

testing staff to receive training. Among the organizations that 

did not have independent testing teams (64. 7% of the 

organizations), only 59% of them provided such support in 

training. 

Cost and time were again the most significant factors that 

hinder the provision of training. 23 (67.6%) and 19 (56%) out 

of the total 34 organizations cited these factors, respectively. 

4 7.1% ( 16) organizations indicated the lack of appropriate 

courses as one of the barriers in providing training in software 

testing. 
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3. Conclusion 

The present study identified a number of key findings in 

relation to software testing practices among organizations in 

Hong Kong: 

1. A majority of the organizations in this survey performed 

software testing. The average software testing budget 

amounted to 21.6% of the overall software 

development budget. The actual testing expenses 

were, on average, 20% over the budget. Many 

organizations did not pay enough attention to software 

testing. About half of the organizations did not allocate 

adequate resources to software testing. Most of them 

(65%) did not recognize the necessity of setting up 

independent testing teams. 

2. Structured software testing methodologies were used 

and found to be useful by most organizations. While 

almost all organizations used some Black Box 

(specification-based) methods in selecting test cases, 

the White Box (source code-based) approach was not 

widely used. Only 35% of the organizations used the 

latter approach. About 31% of the software errors 

detected were related to system specifications. Code 

inspection, code walkthrough and data flow analysis 
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were commonly used testing methodologies, adopted 

by 71%, 65%, and 62% of the organizations, 

respectively. The lack of expertise was noticeable, as 

reflected by the claims on the barriers of using 

software testing methodologies and the low 

percentage of trained testers in the independent 

testing teams. Other major barriers hindering the wider 

use of software testing methodologies included 

concerns on cost and time. 

3. Around 70% of the organizations used some forms of 

automated testing tools. These tools were seen as 

effective ways to improve the quality of software 

development. Automated testing tools were more 

commonly used to support test executions, regression 

testing, and testing result analysis and reporting. 

Around 60% of the organizations adopted some forms 

of measurable testing objectives. Out of these, 80% 

used a simple measure, the "number of defects", as 

the metric. Cost and time considerations were major 

barriers that hinder wider use of automated testing 

tools and software metrics. 

4. Accreditation of software development processes were 

not widely sought by organizations. Moreover, 

accreditations were obtained largely for enhancing the 
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organization's profile than improving the quality of 

testing methods and software. 

5. Less than half of the testing team members had 

received formal training in software testing. The 

provision of training support by the organizations 

varied from one industry sector to another. Formal 

education and training in software testing were 

generally inadequate. Most of the training courses 

were provided outside tertiary institutions. Training 

courses tailor-made for individual organization's needs 

were preferred over general programmes open to 

public audiences. Hence, software training courses 

should be promoted through developing customized 

courses for the needs of individual company. 
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