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This paper provides a comparison between public and private organizations on key figures relative to the information systems support activities. Many have claimed that public sector has a less satisfactory conduct of information system support than private sector. In this article we present selected data from survey investigations performed among Norwegian organizations on how they conduct information systems development and maintenance. This investigation has earlier been compared with similar investigations of this sort. A major finding from the previous comparisons is that even if we witness large changes in the underlying implementation technology and approaches used, a number of aspects such as the overall percentage of time used for maintaining and evolving systems in production compared to time used for development is remarkably stable. When we compare public and private organizations in the last survey, we find a small difference on some variables, but these are not statistically significant, thus cannot be used to conclude that IT development and evolutions is conducted more poorly in public sector than in private sector.

Introduction

According to Heeks [START_REF] Heeks | Implementing and Managing eGovernment[END_REF] "Most eGovernment systems fail. They are either total failures, in which the system is never implemented or is implemented, but immediately abandoned; or they are partial failures, in which major goals for the system are not attained and/or there are significant undesirable outcomes". Also many other authors report on what appears to be more problems in the public than the private sector ITdevelopment. In [START_REF] Moløkken-Østvold | Effort and schedule estimation of software development projects[END_REF] it is reported that "Public projects had an average effort overrun of 67%, as opposed to the 21% average in private projects. This observed difference appears to be caused by systematic differences between private and public organizations found at 1) the political level, 2) the organizational level, and 3) and the individual level". A number of reports indicate that this is a challenge experienced internationally [START_REF] Flak | What is the Value of eGovernment -and How can we actually realize it[END_REF] in OECD countries, USA and in the UK [START_REF]Government and IT -"a recipe for rip-offs": time for a new approach[END_REF]. A reason these failures get so well-known though, is actually because they are public, thus information about success and failure is also public information, something which is not the case in the private sector. Failure is happening both in public and private sector, and usually, the failures are only partial; most systems get delivered and are used in some way. Since most work on IT is not on developing new systems, but on maintenance, operation and user-support [START_REF] Davidsen | A longitudinal study of development and maintenance Information and Software Technology[END_REF], an alternative way to compare IT efficiency than only looking at the development efficiency, is looking upon how work is distributed in the ITorganization, and the amount being done on value-adding work. Application systems are valuable when they provide information in a manner that enables people to meet their objectives more effectively [START_REF] Boehm | Software economics: status and prospect[END_REF]. An application system is part of an encompassing organizational system, which in turn is part of a broader business environment. This environment of change that an organization must address implies that the supporting information systems also must be easily adaptable. As stated already in [START_REF] Brooks | No silver bullet[END_REF], it is one of the essential difficulties with application systems that they are under a constant pressure of change. Given the intrinsic evolutionary nature of the sources of system needs as described above, it should come as no surprise that specifications and the related information system must evolve as well [START_REF] Boehm | Software economics: status and prospect[END_REF][START_REF] Lehman | Laws of Software Evolution Revisited LNCS 1149[END_REF]. The goal of both development activities and maintenance activities is to keep the overall information system support of the organization relevant to the organization, meaning that it supports the fulfillment of organizational goals. A lot of the activities usually labeled 'maintenance', are in this light value-adding activates, enabling the users of the systems to do new task. On the other hand, a large proportion of the 'new' systems being developed are so-called replacement systems, mostly replacing the existing systems without adding much to what end-users can do with the overall application systems portfolio of the organization. Based on this argumentation we have earlier developed the concept application portfolio upkeep as a high-level measure to evaluate important aspects of to what extent an organization is able to evolve their application system portfolio efficiently. How application portfolio upkeep is different from maintenance is described further below.

In this paper, we present results from a survey-investigation performed in Norwegian organizations in this area during the end of 2008. We have earlier compared the overall results with similar investigations done in 2003, 1998 and 1993 [6, 7], finding a stable overall pattern of distribution of work from the last three investigations. We will in this paper look more closely at the results from the last investigation, comparing figures from public and private organizations. Norway has quite a number of companies which are defined as private, but yet having substantial public ownership, the state being a major shareholder. Also, a lot of previous public organizations have recently been transformed to private companies or state owned limited companies or other kinds of organizations with varying degrees of freedom being run more according to private business principles than what was usual some decades ago. On the other hand we find certain important traits among public organizations e.g. that they all have to abide to the same non-optimal rule of procurement and development of ITsolutions when external companies are involved in developing the requirements to a system, they are not allowed to be involved in the implementation of the system [START_REF] Følstad | User Involvement in e-Government Development Projects[END_REF] making such a dichotomy between private and public companies meaningful. Thus our core research question is: Is information systems development support conducted in a less optimal way in the public sector, compared to the private sector in Norway.

We will first give definitions of some of the main terms used within information systems evolution. We describe the research method, including a number of more detailed hypotheses spawned from the field detailing the above research question, before the main results from our investigation are presented. Then a closer investigation on the differences between private and public sector respondents are presented. The last section summarizes our results and presents ideas for further work.

Definition of Core Concepts

Maintenance has traditionally been divided into three types: corrective, adaptive and perfective [15] inspired by, e.g. Swanson [START_REF] Swanson | The dimensions of maintenance Proceedings of the Second International Conference on Software Engineering[END_REF]. Maintenance is defined as the process of modifying a software system after delivery to production.

1. Corrective maintenance is performed to correct faults in hardware and software. 2. Adaptive maintenance is performed to make the computer program usable in a changed environment 3. Perfective maintenance is performed to improve the performance, maintainability, or other attributes of a computer program. Perfective maintenance has been divided into enhancive maintenance [START_REF] Chapin | Software Maintenance Types -A Fresh View[END_REF] and non-functional perfective maintenance. Enhancive maintenance implies changes and additions to the functionality offered to the users by the system which is also included as part of perfective maintenance [START_REF] Lientz | Software Maintenance Management[END_REF]. Non-functional perfective maintenance implies improvements to the quality and other features being important for the developer and maintainer of the system, such as modifiability. Non-functional perfective maintenance thus includes what is often termed preventive maintenance, but also such things as improving the performance and security of the system.

In addition to the temporal distinction between development and maintenance, we have introduced the concepts application portfolio evolution and application portfolio upkeep. Some writers provide more detailed overview of maintenance tasks [START_REF] Chapin | Types of Software Evolution and Software Maintenance[END_REF][START_REF] Jones | The Economics of Software Maintenance in the Twenty First Century[END_REF]. Jones [START_REF] Jones | The Economics of Software Maintenance in the Twenty First Century[END_REF] has in total 21 categories, also including user-support as part of maintenance; an area looked upon as belonging to 'additional work' in most other investigations.

Research Method

The investigation was a continuation of a longitudinal study on information systems development and maintenance in Norwegian organizations. The original reason for doing a survey investigation was to get a better overview of the general problems that organizations seemed to face on providing information systems support. Since the situation in individual organizations differs very much from year to year, a survey method was preferred instead of a case study method to get an aggregated view. Such investigations had at that time not been done in Norway, and it was a natural choice to do a survey similar to what had been done in other countries like USA [START_REF] Kitchenham | Preliminary guidelines for empirical research in software engineering[END_REF][START_REF] Nosek | Software maintenance management: Changes in the last decade[END_REF][START_REF] Swanson | Maintaining Information Systems in Organizations, Wiley Series in Information Systems[END_REF].

Our survey form was implemented in the SurveyMonkey web-tool and invitations were distributed by e-mail to 300 Norwegian organizations. The organizations were randomly selected from the list of member organizations of The Norwegian Computer Society -NCS. (NCS has currently around 1000 member organizations). Some of the selected respondents had marked that they did not want to receive request from SurveyMonkey or had changed their e-mail address. Thus only 278 of the invitations were delivered to the selected organizations (although we do not know if they were submitted further to the appropriate recipient within the organization).

The survey form contained 48 questions including demographic data. The contents of the form were based on previous investigations within this area; especially those described in [START_REF] Holgeid | A study of development and maintenance in Norway: Assessing the efficiency of information systems support using functional maintenance[END_REF][START_REF] Krogstie | Software maintenance in Norway: A survey investigation[END_REF][START_REF] Krogstie | A Longitudinal Study of Development and Maintenance in Norway: Report from the 2003 Investigation[END_REF][START_REF] Lientz | Characteristics of application software maintenance[END_REF][START_REF] Nosek | Software maintenance management: Changes in the last decade[END_REF][START_REF] Swanson | Maintaining Information Systems in Organizations, Wiley Series in Information Systems[END_REF].

According to Galtung [START_REF] Følstad | User Involvement in e-Government Development Projects[END_REF], the minimum sample size that is meaningful in a survey is 40 units. Earlier survey-investigations in the area of development of application systems toward a comparable population had given a response rate of about 22% [START_REF] Holgeid | A study of development and maintenance in Norway: Assessing the efficiency of information systems support using functional maintenance[END_REF][START_REF] Krogstie | Software maintenance in Norway: A survey investigation[END_REF][START_REF] Krogstie | A Longitudinal Study of Development and Maintenance in Norway: Report from the 2003 Investigation[END_REF] and the response rate of similar surveys has been around 20-25% (e.g., [START_REF] Lientz | Characteristics of application software maintenance[END_REF][START_REF] Nosek | Software maintenance management: Changes in the last decade[END_REF]. Thus an answer ratio of approximately 20% was expected also in this investigation. 79 responses were returned, giving a response rate of 28%. Out of these, 67 responses could be used for the analysis since the additional 12 responses were incomplete. 20 of these 67 responses were from organizations in the public sector.

The forms were filled in by people with long experience with IT-related work (average 17.5 years), most being the IT director in the organization. Of the respondents, 57 out of 67 (85%) indicated that IT was of extremely [START_REF] Chapin | Types of Software Evolution and Software Maintenance[END_REF] to large (4) strategic importance for the organization (on a Likert scale from 5 to 1). This indicates that application systems support including own development and maintenance is an area of importance for the majority of respondents.

Previous Investigations

We have earlier compared some of the results of the last investigation with the results of similar investigations [START_REF] Davidsen | A longitudinal study of development and maintenance Information and Software Technology[END_REF][START_REF] Davidsen | Information Systems Evolution over the Last 15 Years[END_REF][START_REF] Krogstie | Work distribution, Methodology, and Technology for ISD and Mainten-ance: Trends over the last 30 years[END_REF]. A number of later investigations on the distributions of work have been done, but they typically focus on the distribution of maintenance tasks only [START_REF] Gupta | An Empirical Study of Software Changes in Statoil ASA -Origin, Priority Level and Relation to Component Size[END_REF][START_REF] Lee | An Empirical Study of Software Maintenance of a Web-Based Java Application[END_REF][START_REF] Schach | Determining the Distribution of Maintenance Categories: Survey versus Measurement[END_REF], many only looking on the situation in one organization.

The data was exported from SurveyMonkey as Excel-files, and these were imported into SPSS. Statistical significance of some of the results is determined using the two-tailed Student t-test for normally distributed data and the Mann-Whitney non-parametric test when the data to be compared where not normally distributed. To decide what type of test to perform the variables used in the comparisons were tested for normality. Where either the Shapiro-Wilks (S-W Sign) and/or the Kolmogorov-Smirnov (Lilliefors-Sign) significance levels were less than 0.05, we used the nonparametric Mann-Whitney test. Statistically significant results are highlighted in the result section using boldface font using a significance level of 0.05.

Potential Threats to Validity

The results of our study should be interpreted cautiously as there are several potential threats to validity. This discussion is based on recommendations given in [START_REF] Jørgensen | Empirical Studies of Software Maintenance[END_REF][START_REF] Kitchenham | Preliminary guidelines for empirical research in software engineering[END_REF].

Population. The sample of our study was initially intended to represent the population of Norwegian organizations with own development and maintenance work. Since a substantial number of the major Norwegian organizations of this type are members of NCS we chose the around 1000 member companies of NCS as our population. This includes in addition to all large organizations in Norway, also organizations within the IT-industry. We emphasized that it was the organizations own IT-activity we were asking about. Some of the responses that we had to dismiss were from IT-companies not having substantial own IT-activities. As described above, we distributed our survey forms to a random selection of 300 NCS member-companies. Other studies also use member lists as a source of subjects, e.g. [START_REF] Lientz | Software Maintenance Management[END_REF]. In particular, the same source of subjects was used in the Norwegian studies in 2003, 1998 and 1993.

Respondents Most of the persons who responded were IT managers. They may have different views of the reality than developers, maintainers and users. For example, [START_REF] Jørgensen | Empirical Studies of Software Maintenance[END_REF][START_REF] Schach | Determining the Distribution of Maintenance Categories: Survey versus Measurement[END_REF] found that manager estimates of the proportion of effort spent on corrective maintenance were too high. Since the respondents from both public and private sector were IT managers, we would not expect this to influence the comparisons.

Response Rate and Number of Respondents.

The response rate of 28% can be argued to be low, although it is higher than in the previous investigations. According to [START_REF] Saunders | Research methods for business students[END_REF], it is common for Internet and e-mail surveys with a response rate of 11 % or lower. Still, a problem with a low response rate is that the respondents may not be representative of the population.

Quality of Data

On some of the questions, we were particularly interested in the quality of the answers, recognizing that some of the information called for might not be easily obtainable. Answers to the quantitative questions were checked relative to each other for control, and where there were discrepancies the respondents were contacted. The remarks made on the questions gave more insight into the answers. We qualified for instance all data regarding distribution of work both in our study and in the earlier studies without finding significant differences on the variables we have used in the hypothesis testing between those reporting having good data and those coming with qualified guesses.

Interpretation of Terms.

Achieving consistent answers requires that the respondents have a common understanding of the terms used in the survey form. This may be difficult to achieve in practice. For example, Jørgensen [START_REF] Jørgensen | Empirical Studies of Software Maintenance[END_REF] found that the respondents used their own definition of, for example, "software maintenance". We conducted a pilot study followed by interviews in a few companies to detect unclear questions. We also got comments from several colleagues including experts in cognitive psychology concerning clarity of questions. In particular the cognitive psychologist was helpful relative to pointing out badly or ambiguously formed questions. For many questions, there was space available to issue comments. This possibility together with the possibility to crosscheck numbers between different questions was the mechanisms used to identify possible misunderstandings among the respondents for followup. We also built upon earlier surveys that had undergone similar pilot and full use.

Hypothesis

To detail the main research question presented in the first section the following hypotheses were formulated to investigate the development of the different measures for distribution of work between private and public sector. Since we are looking for differences (and would expect to find something in disfavor of public sector based on earlier reports), we have formulated the hypothesis as if private and public sector are equal (to potentially refute this).

H1: There is no difference between the breakdown of maintenance work (in corrective, adaptive, enhancive and perfective maintenance) in public and private organizations. Rationale: Whereas perfective (in particular enhancive maintenance) provides more value than other types of maintenance, it is interesting to look into this breakdown. Investigations reporting on the distribution of time among maintenance tasks [START_REF] Benestad | Understanding software mainten-ance and evolution by analyzing individual changes: A literature review[END_REF][START_REF] Gupta | The Profile of Software Changes in Reused vs[END_REF] report very different numbers. On the other hand these investigations vary greatly. Whereas some look on single systems of numerous organizations and the whole portfolio of numerous organizations, other look only at one or a few (important) applications in one organization. Since this distribution naturally will differ according to where the system is in the lifecycle (development, evolution, servicing, phase-out, closed [START_REF] Rajlich | A staged Model for the Software Life Cycle[END_REF]), this difference between the maintenance work on individual systems should be expected. When averaging across a large number of application portfolios on the other hand, we have found a more stable distribution.

H2: There is no difference between the percentage of time used for development in private and public sector Rationale: When comparing the percentage of time used for development activities in organizations earlier, we have found this to be decreasing, but not so much between the three last investigations. Thus is interesting to see if this is equal also between private and public sector.

H3: There is no difference between the percentage of time used for maintenance in private and public sector Rationale: When comparing the percentage of time used for maintenance activities in organizations earlier, we have found this to be stable on around 40 percent of the overall time in investigations both in the seventies, eighties, and nineties in both USA and Norway. It is interesting to see if this is different between private and public sector.

H4: There is no difference between the distribution of work among maintenance and development between private and public sector when disregarding other work than development and maintenance. Rationale: Since the amount of other work than development and maintenance is taking up more time now than 10-15 years ago, we found it beneficial also in the surveys in 1993, 1998, and 2003 to look at the proportion between development and maintenance time only. The proportion of time used for maintenance has earlier shown to be stable on around 60% (i.e., 40% for development) in all investigations, across countries. When a larger percentage of maintenance is claimed, this often includes, e.g. user support [START_REF] Jones | The Economics of Software Maintenance in the Twenty First Century[END_REF].

H5: There is no difference between the distribution of application portfolio upkeep in private and public sector. Rationale: These numbers were on the same level in 2008 and 2003 as in 1998, and it interesting to see if it would be equal also across private and public sector. A high percentage on application portfolio upkeep would in particular signal poor IT support practice cf. the discussion in the introduction.

Results

42% of the organizations had a yearly data processing budget above 10 mill NKr (approx. 1.5 mill USD), and the average number of employees among the responding organizations was 1115 (1333 in private, 604 in public). Around a third of the ITactivity was outsourced (32.9% in private, 24.1 in public). Whereas only two of the respondents reported to have outsourced all the IT-activities, as many as 84% of the organizations had outsourced parts of their IT-activity. Whereas the public organizations have outsourced more of the development (40% in public, 29% in private) and maintenance (34% in public, 30% in private) work than the private organizations, they have outsourced less of the operations (31% in public, 41% in private) and user support (21% in public, 29% in private). 94 new systems were currently being developed; 60 of these systems (64 %) were regarded as replacement systems. The average age of systems to be replaced was 7 years (6.35 years private, 8.76 years public). Work on application systems was in the survey divided into the six categories presented in section 2. We also asked for the time used for user-support and for systems operations which took up the additional time for the work in the IS departments. Basic management activities are kept out.

In earlier investigation of this sort between 50% and 60% of the effort is done to enhance systems in operation (maintenance) when disregarding other work than development and maintenance [START_REF] Davidsen | A longitudinal study of development and maintenance Information and Software Technology[END_REF]. An exception from this was our study in 1998 that was influenced particularly by the amount of Y2K-oriented maintenance. Table 1 summarizes the descriptive results on the distribution of work in the categories in our investigation, comparing to our previous investigations. 34.9% of the total work among the responding organizations is maintenance activities, and 21.1% is development activities. When disregarding other work than development and maintenance of application systems, the percentages are as follows: maintenance activities: 65.7%, development activities: 34.3%. This is at the same level as in 2003. 63% of development and maintenance work was application portfolio upkeep, and 37% was application portfolio evolution. This is almost the same as in 2003 and 1998, which in turn was significantly different from the situation in 1993 where application portfolio upkeep-and application portfolio evolution respectively amounted to 44% and 56% of the work.

Fig. 1 summarizes the results from our investigations where we look upon the complete portfolio of the responding organizations. Most interesting for comparison with other surveys is looking at corrective, adaptive, and perfective maintenance, which appears to be much more stable than the numbers reported from others above. We do note though that the enhancive maintenance part of perfective maintenance appears to be declining. In the light of this stability of figures, we have divided the population to test H1-H5 comparing private and public organizations. Before looking for significant relationships, the variables used in the comparisons were tested for normality. A number of variables cannot be investigated as if they where normally distributed. On some variables we could use the assumption of normal distribution, using t-tests. For the others we have used non-parametric tests as described in section 3.

We tested H1-H5 by comparing the numbers from private and public sector as summarized in Table 2. We list the number of cases, the mean and the standard deviation for all relevant figures to test the eight hypotheses (for H1, there are four test, for the difference in corrective, adaptive, perfective and enhancive maintenance respectively). Δ is the absolute difference in the mean between private and public sector, and p is the probability for erroneously rejecting the equality of means. None of H1 to H5 are rejected. On the other hand, we do see a slight tendency of worse practice in public sector, i.e. more resources used on application portfolio upkeep, and more resources used for other tasks than development and maintenance, but again, these differences are not statistically significant. Especially taking into account the pattern of outsourcing reported above, there seems to be small overall differences in these regards. 

Discussion and Conclusion

Overall percentage of time used for evolving systems in production compared to time used for development is remarkably stable over time, and also relatively equal across private and public sector. The small differences found are not statistically significant.

The same applies to the rate of replacement, only here it might appear that public sector is better off than private sector. Since more complex infrastructures are supporting the information systems serving a larger number of in particular external users, more and more of the resources are used for other tasks such as operations and user-support, less and less time is available for providing new information systems support in organization, although it seems to have plateau on 20% of the overall time, a level reached already ten years ago in Norway (i.e. even earlier than indicated in [START_REF] Jones | The Economics of Software Maintenance in the Twenty First Century[END_REF]). The small differences between private and public sector is contrary to the image often painted on the poor state of public sector IT relative to the private sector.

On the other hand, the efficiency of the time used for development and maintenance tasks are not captured in these investigations, i.e. the amount of new functionality provided through the development of new systems or enhancive maintenance.

The main investigation aimed at providing a longitudinal study of IT practice in general. In this light the comparison between private and public sector is an exploratory investigation. Several of our results have spurred new areas that could be interesting to follow up on in further investigations, and we have it addition to the survey performed several detailed case studies in different public sector IT-departments. To come up with more detailed empirical data on to what extent the application systems support in an organization is efficient, demands another type of investigation, surveying the whole portfolio of the individual organizations, and getting more detailed data on the amount of the work that is looked upon as giving the end-user improved support, and how efficient this improved support was provided. This should include the views of the users of the application systems portfolio in addition to those of the ITmanagers and developers. It would be hard to get such data through a survey though, thus calling for additional case studies, with the problems of generalization of results.

A long-term plan is to do a similar investigation in 2013 following up the 5 year cycle of investigations, but here also ensure a support for investigating results relative to the private/public sector dichotomy.
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 1 Application portfolio evolution: Development or maintenance where changes in the application increase the functionality provided by the total application systems portfolio of the organization. This includes: • Development of new systems that support new areas • Enhancive maintenance 2. Application portfolio upkeep: Work made to keep up the functionality provided by the information system portfolio of the organization. This includes:
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Table 1 .

 1 Distribution of the work done by IS-departments in percentage

	Category	2008	2003	1998	1993
	Corrective	8.2	8.8	12.7	10.4
	Adaptive	6.2	7.3	8.2	4
	Enhancive	11.3	12.9	15.2	20.4
	Non-functional perfective	9.1	7.6	5.4	5.2
	Total maintenance	34.9	36.7	41,4	40
	Replacement	9.7	9.9	7.7	11,2
	New development	11.4	12.6	9.5	18,4
	Total development	21.1	22.5	17.1	29.6
	Technical operation	23.7	23.8	23	NA
	User support	20.1	17.1	18.6	NA
	Total other	44.0	40.8	41.6	30.4

Table 2 .

 2 Test of hypothesis

		Sector	N	Mean	SD		P
	Corrective maintenance, percent-age of all work (vs. H1a)	Private Public	44 19	23.6 24.4	15.5 19.9	-0.8	.314
	Adaptive maintenance, percentage of all work (vs. H1b)	Private Public	44 19	17.5 22.8	13.5 15.0	-5,3	.163
	Perfective maintenance, percent-age of all work (vs. H1c)	Private Public	44 19	58.9 52.8	21.1 16.2	6.1	.163
	Enhancive maintenance, percent-age of all work (vs. H1d)	Private Public	41 18	31,5 26,0	18,5 20.9	5,5	.319
	Maintenance, percentage of all work (vs. H2)	Private Public	44 19	37.2 29.8	17.4 17.5	7.4	.130
	Development, percentage of all work (vs. H3)	Private Public	44 19	21.9 19.4	16.3 17.1	2.5	.519
	Maintenance, disregarding other work (vs. H4)	Private Public	43 18	64.9 67.8	22.2 20.0	-2.9	.621
	Application portfolio upkeep (vs. H5)	Private Public	43 18	61.4 66.4	20.8 21.6	-5.0	.411