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Abstract

The maintenance provisions in contracts for the development of customized software are studied in this paper.  In particular, we use Transaction Cost Economics to analyze the choice between external and in-house maintenance of the externally developed systems, as well as the size of the annual fee for corrective and adaptive maintenance.  

We have studied seventeen fixed price software development contracts for three large Israeli corporations.  With this data, we could not support our predictions that high system specificity and high expected maintenance frequency result in internal maintenance and high maintenance fee.  However, we found that systems which are critical to the firms’ operations are likely to be maintained in-house. 

Our data exhibit that both internal and external maintenance are viable options for externally developed systems.  Customers try to prevent a hold-up by various provisions, including vendor long term obligation to perform minimal maintenance for a fixed fee. 

1. Introduction

Software maintenance is recognized as the major element of cost in a software development life cycle (Kemerer 1998).  Forrester Research estimates that three-quarters of IS budgets are consumed by software maintenance (Banker and Slaughter, 1997).  However, there is little systematic knowledge about the influence of recent practices of IS development on maintenance.  E. B. Swanson remarked that he would update his maintenance management lessons (Swanson and Beath, 1989) by warning against outsourcing of maintenance (Chapin, 1995).  Hybertson et al. (1997) asserted that the inclusion of off-the-shelf products in software systems, may become a major source of adaptive maintenance.  Banker et al. (1998) found, at a large retailer, that packaged software was associated with a relative decrease in enhancement effort. 

We study the maintenance provisions in contracts for the development of customized software on a fixed price basis.  Typically, these provisions include the customer right, but not obligation, to buy corrective and adaptive maintenance after an initial warranty period.  These services are typically priced as an annual fee of between 5% and 20% of the initial development price.  Contracts may also include a vendor commitment to perform perfective maintenance on a time and material basis with a pre-defined hourly rates. 

We ask what influence the choice between external and in-house maintenance, and what determines the annual fee for corrective and adaptive maintenance.  These two questions, of vertical integration and long term contracts, are typical of Transaction Cost Economics studies (Joskow, 1988). Using TCE, we predict that high specificity and high frequency result in internal maintenance and in high maintenance fee. 

We have studied seventeen fixed price software development contracts for three large Israeli corporations.  The maintenance provisions have been  recorded and the specificity and expected maintenance frequency have been assessed through structured interviews with project managers.  We have not found support for our predictions, but we suggest an alternative explanation consistent with TCE arguments. 

The paper continues as follows: Section 2 states our predictions and Section 3 describes the research method and instruments.  As contextual and qualitative data is of importance, we dedicate Section 4 to data.  The analysis is described in Section 5 and discussion and conclusions are presented in the final sections.

2. Predictions

Empirical TCE studies are concerned mainly with two questions – the level and structure of vertical integration and the existence and nature of long-term contracts (Joskow, 1988).  On both issues, the evidence overwhelmingly confirms TCE predictions, although there are also results that contradict important TCE arguments (Shelanski and Klein, 1995).  Our two research questions fit well the TCE main subjects and we expect to find support for the transactional determinants of maintenance provisions. 

Our first research question is concerned with the choice between internal and external maintenance of the externally developed system.  At a first glance, it is a simple ‘make or buy’ question – Should the customer make the adaptations and enhancements, or should it buy them from the external vendor?  However, maintenance provisions introduce also incentive and insurance considerations as follows. 

Firstly, a maintenance provision may influence the maintainability of the system.  Explicit maintainability-based incentives are hardly possible because of the difficulty in measuring and achieving maintainability (Banker and Kemerer, 1992).  Thus, a fixed fee maintenance provision within a development contract serve as an implicit way to achieve maintainability.  It becomes the interest of the vendor to achieve good maintainability and reduce maintenance cost while the annual fee is fixed.  This argument is valid for corrective and adaptive maintenance, but not for the highly uncertain perfective maintenance, which indeed is typically not covered by the fixed fee maintenance provisions.  

Secondly, maintenance provisions are typically optional, giving the customer the but not an obligation to buy maintenance under agreed terms.  Namely, by including maintenance provisions, the customer may wish to guarantee that the software will be maintained  if necessary, but he does not necessarily decide to buy maintenance services. 

To remove the incentive and insurance considerations, we consider the customer’s intentions regarding maintenance rather than the existence of maintenance provisions.  We interpret maintenance intentions simply as a ‘make or buy’ decision and use Williamson’s (1985) reasoning as follows:   

· The transaction under analysis is the maintenance of the system contracted to be developed.  

· The intention to maintain the system in-house is interpreted as unified governance. The intention to maintain the system by the vendor is interpreted as bilateral governance, as the parties agree on the terms of future transactions.

· ‘[A]s assets become more specialized to a single use, and hence less transferable to other uses, economies of scale can be as fully realized by the buyer as by an outside supplier’ (Williamson, 1985; p.78).  However, in the context of software maintenance, investment made by the customer in assets that are specific to the system and vendor are also of importance (Ang and Beath, 1993).  Furthermore, when installed, a system is highly specific, as the cost to switch vendors is high even when a large number of potential suppliers exists.  Nonetheless, we conjecture that at least the extreme cases of no alternative supplier and many alternative suppliers represent different levels of switching costs.  We further hypothesize that relationship-specific investment by either or both the user and the vendor influence towards internal maintenance.  In particular, the vendor’s need to invest in customer-specific assets removes market economies of scale, and the customer’s need to invest in vendor-specific assets give rise to a hold-up, and thus both make external maintenance less likely. 

· At the time a development contract is signed, the details regarding maintenance are uncertain.  Nevertheless, we assume that uncertainties about the cost of corrective and adaptive maintenance are not exceptionally high for systems developed on a fixed price basis. 

· As the system under consideration has not been deployed yet, we measure expectations regarding the frequency of maintenance.

· We accept Williamson’s assumptions about production and transaction costs as plausible in the current context –

· Production costs are lower for external maintenance – Economies of scale exist for the non-specific parts of a system; in particular for maintaining packages and libraries and using development and maintenance tools.  

· Transaction costs are lower for internal maintenance – The organization may avoid, or pursue only superficially, the specification of and negotiation about major maintenance tasks.

We predict that external maintenance is likelier when the system specificity is relatively low and the anticipated frequency of maintenance is relatively low.  In particular, we expect that the group of systems that the customers intend to maintain externally is likelier to have lower specificity and maintenance frequency.  Similarly, we hypothesize that the likelihood of internal maintenance is positively related to both system specificity and maintenance frequency.

Our second research question is about the size of the annual maintenance fee.  Maintenance provisions typically include the customer right to buy corrective and adaptive maintenance annually, for a fee of between 5% and 20% of the initial development price.  We ask what are the reasons for this fee range, and we follow our previous discussion by considering maintenance frequency and system specificity.  Although Williamson (1985) does not provide a prediction applicable to our context, we use his reasoning as follows: 

· A higher expected maintenance frequency results in a higher maintenance fee. 

· The vendor’s need to invest in customer-specific assets removes market economies of scale, which results in a higher maintenance fee.  

· Similarly, the customer’s need to invest in vendor-specific assets results in some form of a hold-up which materialized in this context as a higher fee. 

We thus predict that the annual maintenance fee will be positively correlated with both frequency and specificity.  

3. Methodology

3.1. Method

Three large Israeli firms were selected as our research sites because each had five or more on-going external software development projects, had long experience with outsourcing, and were ready to disclose contracts and give access to project managers. Within each research site, all projects developed by external suppliers, had written contracts, included substantial custom made software, and had not been deployed yet, were studied. 

In addition to studying the contracts, the independent variables were studied through structured interviews with the contract managers.  Interviews lasted about an hour, and were encoded and summarized within 24 hours of their conduct.  The interviews are limited at least in two ways.  Firstly they were held with the customer’s managers while no interviews were held with the vendors.  Secondly,  we used a single respondent for each contract, as it was difficult to get IS personnel time, and we found that interviewing more respondents for each contract was practically impossible.

3.2. Instruments

The limited research unto actual software development contracts has necessitated development of new instruments.  However, effort has been taken to use existing relevant instruments as described in this section. The full research questionnaire is given in the appendix. 

Maintenance

We record the maintenance provisions of the contracts and data relevant to the maintenance intentions of the contract managers, as follows:

1. Maintenance Provisions

a) Annual fee for corrective and adaptive maintenance

b) Response time for maintenance calls

c) Warranty length for free corrective and adaptive maintenance

d) Analyst and programmer fees for additional maintenance work

2. Maintenance Intentions 
a) What are the contract manger’s intentions regarding maintenance of the custom-made software?  (internal/external)
b) Who owns the custom-made software source-code and documentation?  (customer/vendor)

c) Does the system include a package that remains the vendor’s property?  (yes/no)

d) Does the vendor provide training to allow in-house maintenance?  (yes/no)

Corrective and adaptive maintenance include bug corrections and adaptation of the system to suit new versions of the IT infrastructure (e.g. DBMS), state law (e.g. tax  regulations) and other small adaptations to the working environment. 

Specificity

The vendor’s customer-specific investment is firstly the investment needed for achieving the development contract, and it includes the investment in developing relationship with the client, acquiring client-specific knowledge and possibly the cost of underbidding (Ang and Beath, 1993).  We define the vendor’s specific investment relevant to maintenance as the investment needed for on-going updating of customer-specific knowledge that is pertinent to the installed software.  In particular, specificity is measured by: 

1. Requirement specificity - “Much time and effort were invested in verbally conveying system requirements to the developer” (agree/disagree)
2. Human resources specificity- “A newly hired employee needs a lot of learning in order to be able to develop the system (in order to learn the language of the industry and firm, unique work procedures and the unique features of the system)” (agree/disagree)

3. Hiring and training delay - What is the delay that will be caused by hiring and training a new system analyst to the development team (months)?

4. What is the number of existing and future systems linked to the new system?

5. What is the price of custom made software relative to the total price of software (custom + packaged)?
6. Number of sellers and buyers -

a) What is the number of bidders?

b) How many Israeli suppliers may potentially develop such a system?

c) How many Israeli organizations may potentially use this system?

The specificity score is calculated by averaging the eight items.  Each item is transformed to a zero to one scale by dividing either by the scale's maximum (for the semantic differential scales), or by the maximum value observed (for ratio scale items).  The numbers of bidders, suppliers, and customers (item 6) are reversed, so that, for example, a high number of bidders represents low specificity. 

The subjective items (1-3) are based on (Ang and Beath, 1993) and (Aubert et al., 1996). The number of information systems to be connected to the new system (item 4, based on (Barki et al., 1993)), measures crudely the need to learn the customer systems and thus the vendor’s investment. It is similar to the portfolio complexity variable which was shown to be positively related to maintenance effort (Swanson and Dans, 2000). 

The price ratio between custom and package software (item 5) is similar to the degree of specialization used in a study of the car components industry (Monteverde and Teece, 1982).  The original measure is the percentage of tooling cost required to convert the tooling to its second-best alternative.  We assume that custom-made software indicates larger project specific investment by the vendor than packaged software that is easily retooled.  This item may also represent the specific investment needed by the customer: for a different vendor, new custom-made software may be needed, as the packaged software would be different.  

The number of bidders, potential suppliers and customers (item 6), is similar to the number of buyers and sellers which indicates the location specificity of natural gas production and transportation (Crocker and Masten, 1991).  When implemented, a system is highly specific from the customer point of view because the cost to switch a vendor is high even when a large number of potential vendors exist.  However, at least the extreme cases (no alternative supplier, many alternative suppliers) represent different levels of relationship-specific investments.  The number of bidders might differ from the number of potential suppliers because the bidding may be limited to a subset of the potential suppliers.

Finally, it should be noted that most items measure the customer-specificity of investments performed by the vendor; however, the number of bidders (4a) and the number of potential suppliers (4b) measure vendor-specificity of investments done by the customer.

Frequency 

When the contract is signed, only expectations or anticipated frequency can be assessed. We use expectations for both the number of maintenance tasks and for their price and refer to the first year of operation.  Normalization of costs is done by both the custom made software price and the full contract price because both are used as bases for maintenance fees.

1. Events

a) What is the number of adaptive maintenance calls anticipated during the first year after system deployment?  (few/some/many)
b) What is the number of perfective maintenance calls anticipated during the first year after system deployment?  (few/some/many)

2. Costs

a) What is the anticipated cost of adaptive maintenance during the first year after system deployment?

b) What is the anticipated cost of perfective maintenance during the first year after system deployment?

3. Normalized costs

a) The sum of anticipated adaptive and perfective maintenance costs divided by the custom made software price

b) The sum of anticipated adaptive and perfective maintenance costs divided by the contract price

The frequency score is calculated by transforming the event numbers (1a and 1b) to a zero to one scale, and calculating the average of them with the mean of the normalized costs (3a and 3b). 

4. Data

4.1. Context

Israel has a population of about 6 million, GDP per capita of about $19,000, slightly higher than Spain, and an area slightly smaller than New Jersey. It has a technologically advanced market economy with substantial government participation (CIA, 2001).  The Israeli Association of Software Houses (2001) reports that during 2000 the overall sales of Israeli software was about $3.7B with $2.6B of exports, and that about 35,000 computer specialists are employed in Israel.

Three large Israeli firms are our research sites and Table 1 presents data about them; the names and industries are disguised, and budgeting data for firm A has not been available for this research.  The three firms have similar procedures for external software contracting, including requests for information and proposals to a similar pool of vendors, preference of fixed price contracts following competitive bidding, and coordination of external projects by managers of the internal IS departments. 


A
B
C

Industry
services
finance
production

Customers number
3,500,000
1,500,000
2,000,000

Employees number
30,000
12,000
10,000

IS role
crucial support
strategic
support

IS annual budget

$100M
$90M

IS headcount
200
850
600

IS annual development budget

$35M
$45M

External annual development budget

$14M
$37M

Data collection period
8/97 – 11/97
8/97 – 4/99
6/98 – 4/99

Table 1: Research sites

4.2. Contracts

Within each research site all external on-going projects have been studied, and we have seventeen such contracts. Table 2 presents basic data about the contracts, sorting contract labels according to the software development price.  Custom and standard software prices are given in thousands of American dollars and the development period in months.


Function
Custom SW
Std. SW
Dvlp. period
Team size

A1
Customization of a laboratory management system
90
0
4
4

A2
Decentralized  budgeting 
100
120
6
4

A3
Communication with independent service providers
110
0
14
3

A4
Payroll 
555
0
9
3

A5
Logistic management 
580
245
21
8

B1
Digital conversion and identification of documents
71
0
4
4

B2
Customization of a Workflow package
92
0
6
3

B3
A support tool for internal IS development
95
0
5
5

B4
Payroll simulation
131
40
4
8

B5
A DSS for customer relationship and marketing
161
0
22
3

B6
An electronic data interchange system and DSS
232
0
6
5

B7
An informational web-site for subscribed customers
290
50
6
10

C1
Management of the board of directors 
38
0
6
3

C2
Electronic media archive
118
50
6
2.5

C3
Inventory budgeting
223
230
15
6

C4
Properties management
267
63
12
6

C5
Obligations management
486
0
24
8

Table 2: Contracts
4.3. Maintenance 

Table 3 presents the maintenance provisions.  The only provision included in all contracts is the annual maintenance fee that ranges between 5% and 43% of the software price.  These two values are misleading: A4 includes an obligation to hire two maintenance programmers in order to compensate for a low development price; the C4 maintenance fee covers only corrective and no adaptive work.  Removing the two extremes, the annual maintenance price is between 10% and 16% of the software price, the average fee is 12.1% and standard deviation is 2.3%. 


A1


A2


A3


A4


A5


B1


B2


B3


B4


B5


B6


B7


C1


C2


C3


C4


C5



Annual maint.  price (%)
12
16
10
43
14
10
15
10
13
15
15
10
12
10
10
5
10

Response 

time (days)









2
3


1
2



Warranty period (months)


12
6
18

12


12

12

0
18
18
18

Analyst 

price ($/hour)





40



70



65
72

50

Programmer price ($/hour)
40




25



55

67

55
54

40

Table 3: Maintenance provisions

Table 4 presents the maintenance intentions sorted into two groups, internal maintenance, and external maintenance.


A1


A5


B1


B2


B3


B5


B6


C1


C2


C4


C5


A2


A3


A4


B4


B7


C3



Intentions
External Maintenance
Internal Maintenance

Customer

owns SW
Yes
Yes (1)
No
Yes
Yes
Yes
No (2)
Yes (3)
Yes (4)
Yes
Yes
Yes
Yes
Yes
Joint (5)
Yes
Yes

Includes package

Yes








Yes


Yes



Yes




Yes


Yes


Yes



Maint. training











Yes
Yes

Yes
Yes


(1) A trustee holds the source code; if the customer takes it, vendor maintenance obligations will expire.

(2) The software is owned by the vendor, but is also held by a trustee.

(3) The contract does not say who owns the software; the customer believes that he owns it.

(4) The software is owned by the customer but will be held by the vendor for maintenance. If the customer takes it, the vendor maintenance obligations will expire. 

(5) Owned jointly by vendor and customer; may sell it to other customers.

Table 4: Maintenance intentions 
Table 4 demonstrates the obvious fact that internal maintenance is not possible if the customer does not own the software  (B1 and B6 are to be maintained externally).  However, the inclusion of a package in a system does not prevent internal maintenance as seen for four of the systems. 

4.4. Frequency

Table 5 presents the maintenance frequency measures.  Empty entries denote projects where the contract managers could not assess the maintenance price.  The normalized maintenance price (with respect to the software price) ranges between 0 (no maintenance is expected) and 1.30 (first year maintenance is 30% higher then the development price). 

At site C the maintenance expectations are significantly different from those at sites A and B.  For example, the mean for the last item (maintenance price divided by contract price) at C is 0.13 (standard deviation 0.12) while at both A and B it is 0.48 (standard deviation 0.43 for A and 0.34 for B). 


A1


A2


A3


A4


A5


B1


B2


B3


B4


B5


B6


B7


C1


C2


C3


C4


C5



No. of adaptations
some
many
some
many
many
few
many
few
few
few
few
many
few
few
few
few
few

No. of perfections
  few
few
many
some
some
few
many
many
few
few
many
few
some
few
few
some
few

Adaptations  price ($K)
10

90
720
300
0
50
5


0
150
0
0
0



Perfections  price ($K)







100
100

100

9

0
50
50

Maint. price / SW price
.11


.00


.82


1.30


.52


.00


.54


1.11


.76


.00


.43


.52


.22


.00


.00


.38


.21



Maint. price / contract price
.10


.00


.52


1.07


.22


.00


.40


1.11


.51


.00


.40


.43


.20


.00


.00


.25


.20



Table 5: Maintenance frequency

The highest frequency is recorded for a payroll system (A4) that is expected to need many adaptations reflecting changes in pay agreements and regulation, as well as considerable enhancements.  High frequency is also recorded for a management tool for IS development (B3), which is expected to need considerable enhancements after its deployment.  The mean maintenance effort in our data is lower than the one reported by Swanson and Dans (2000) in a census of about 700 systems.  Theirs is 3.28 full time employees, while ours is about 1.25, when hourly fees are used to transform prices into full time employees.  
4.5. Specificity

The specificity scores range between 0.37 and 0.83, the average score is 0.59 with standard deviation of 0.1.  The means for the three sites are 0.66, 0.60, .053 with standard deviation of 0.1 for A and B and 0.2 for C.   The specificity scores are positively correlated with the development time (p<0.1%) but not with the development price. 
The lowest specificity is recorded for an electronic media archive (C2), with about 50% of the price for customized software, little firm-specific training for the development team and no links to other systems.  The highest specificity is recorded for a system that manages the firm’s obligations (C5), with about 100% of the contract price for customized software, much training, and 17 links to current and future systems. 

Interestingly, the mean number of links in our data is similar to the portfolio complexity reported by Swanson and Dans (2000) in a census of about 700 systems.  The sum of their three indicators is 7.57 systems, while our mean of the sum of links to current and future systems is 6.29.
5. Analysis

Our first prediction is that external maintenance will be likelier when the system specificity is relatively low and the anticipated frequency of maintenance is relatively low. Similarly, the likelihood of internal maintenance will be positively related to both system specificity and maintenance frequency.

Our data do not support this prediction.  When the two systems with vendor-owned source code (B1 and B6) are removed as internal maintenance is impossible, the differences between means of the two groups are insignificant.  The difference between the mean specificity of the systems to be maintained externally and the mean specificity of the internally maintained systems is 0.01, while the standard error of difference is 0.07.  Similarly, the difference between the means of the frequency for the externally and internally maintained systems is –0.11, while the standard error of difference is –0.46.   The same results show when the analysis is repeated for each of the items of the specificity and frequency measures, as well as when ranks replace the actual scores.  A per-site analysis of the specificity measure and the two frequency items that are available for all projects is presented in Table 6.  Again, the difference between means (DIF) is not significant in comparison with the standard error of difference (SED) or standard error (SE).


A
B
C


Ext: A1, A5
Int: A2, A3, A4
Ext: B2, B3, B5
Int: B4, B7
Ext: C1,C2, C3, C4
Int: C5


DIF
SED
DIF
SED
DIF
SE(Ext)

Specificity
.03
.09
.06
.08
.10
.10

No. of adaptations
-.17
.57
-.33
1.14
.00
.00

No. of perfections
-.50
.83
1.33
.86
.50
.29

Table 6: Differences by site 

Our second prediction is that the annual maintenance fee will be positively correlated with both frequency and specificity.  Again, our data does not support the prediction  – the correlation between fee and the explanatory variables (either separately or simultaneously) is not significant.  Figure 1 demonstrates this for the specificity scores, and Table 7 for the two items of the frequency measure (1a: number of adaptive maintenance calls; 3a: adaptive plus perfective prices/software price). In the analysis, figure and table, contract A4 has been removed as the fee cover more than corrective/adaptive maintenance; contract C4 has been removed as the fee cover only  corrective maintenance.  The analysis has been repeated for site B only, as it has most projects and most variability of fees, and the predicted relation has not been found either. 
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Figure 1: Fee vs. specificity

Number of adaptations 
few
some
many

Annual maintenance fee
10, 10, 10, 10, 10, 10, 12, 13, 15
10, 12
10, 14, 15, 16

Normalized maintenance price 
0.00 - 0.19
0.20 - .0.49
0.50 - 1.20

Annual maintenance fee
10, 10, 10, 12
10, 12, 15
14, 10, 15, 13, 10, 10

Table 7: Fee grouped by adaptations and normalized price

6. Discussion

No support has been found for the theoretical predictions regarding internal and external maintenance of externally developed software and the size of the annual maintenance fee.  In this section, we suggest possible explanations to these results, including an alternative decision criterion, and a brief summary of views expressed by managers in our research sites. 

6.1. Explaining the results

There could be a number of explanations behind our inability to support the predictions.  Specifically, we could attribute these findings to our interpretation of TCE, the ambiguity of TCE itself with respect to mutual specific investments, or the use of faulty instruments and inappropriate statistical assumptions. 

We have chosen a simple TCE reasoning to predict maintenance provisions. It is possible that other considerations invalidate our predictions, and a wider set of constructs may be needed to explain the maintenance decisions. For example, Milgrom and Roberts (1992) suggest that the complexity of the transaction, the difficulty in measuring performance, and the connectedness of the transaction to other transaction influence vertical integration decisions.  As part of a wider study, we have measured the level of uncertainty, complexity, measurability and connectedness but could not find a significant relation between each of them and maintenance intentions.  However, the general point stands – our narrow focus may explain the inability to explain the maintenance intentions and provisions. Lacity and Willcocks (1995) cite the narrow unit of analysis and existence of criteria additional to economic efficiency as reasons for not supporting TCE predictions in a study of 61 IS sourcing decisions.
TCE predictions are ambiguous when there is more than one specific investment (Milgrom and Roberts, 1992). We assume that specific investments by both vendor and customer influence towards internal maintenance.  The need for the vendor to invest in customer-specific assets removes market economies of scale and leads to internal maintenance.  The need of the customer to invest in vendor-specific assets gives rise to a hold-up and thus makes external maintenance unlikely.  However, these assumptions may be inappropriate.  In particular, after a system has been deployed it is always highly specific to the organization rendering the TCE specificity argument invalid.

Faulty instruments are also a possible explanation for the lack of support to our predictions.  The research instruments have been developed carefully and include multiple objective and subjective items.  However, the small number of data points has not allowed statistical validation of the instruments.  A related explanation is inappropriate statistical analysis, in particular, the aggregation of data from three different sites. The per-site analysis is a partial remedy, however, with such small numbers it is  very weak. 

6.2. An alternative explanation

An alternative explanation is that critical systems are always maintained in-house.  Lacity et al. (1996) suggest three decision matrices for selective IT sourcing; these are structures for considering the business, economic, and technical factors of sourcing decisions.  The business matrix dimensions are the contribution of the IT activity to operations (either useful or critical), and the contribution of the IT activity to business positioning (either commodity or differentiator).  The recommendation is to outsource useful commodity activities, insource critical differentiators, and select the best source for critical commodities.  Similar considerations, in particular the special attention to critical activities, were mentioned by several of our interviewees.  

As part of a wider study, we asked the contract managers to assess the impact on various business areas if the system is not implemented or if it has operational problems (Barki et al., 1993).  We use this measure to check whether systems with high contributions are likelier to be maintained internally.  

For two potential loss areas, Market share and Daily operations, the difference of the means for the internally and externally maintained system is significant in comparison to the standard error of difference (t-test at the p<5% level).  The overall measure is an average of the seven potential loss areas (see the appendix) and it demonstrates a similar significant difference.   

The potential loss scores have also been tested with regard to our second research question.  We found that the correlation between loss and fee is positive with r2 of 0.40, but it is not significant at the 5% level (significant only at the p<10% level).

Either criticality or the magnitude of potential loss are not discussed explicitly in the TCE literature, however, our results are consistent with TCE arguments.  When a system is critical, a hold up is very costly and in-house maintenance is preferred. 

6.3. Managers’ views

Table 8 presents the views of the senior managers interviewed as the last stage of this research.  At A and B, face to face interviews were conducted with senior deputies to the CIO; at C the CIO answered the questions by fax. 

Questions
A
B
C

Do you prefer internal maintenance and why?
we prefer external maintenance
we prefer internal maintenance because it is cheaper and we customize better
we prefer internal maintenance because it is cheaper

Systems critical to daily operations will be maintained internally . . .
not necessarily; external maintenance imposes discipline and reduces costs
agree


agree 



Systems critical to firm profit will be maintained internally . . .
not necessarily
not necessarily
agree

Table 8: Managers’ views about maintenance

There is disagreement about what to prefer, internal or external maintenance, and about the alternative explanation that critical systems are maintained internally.

7. Conclusion

Swanson and Beath (1990) describe the historical change in maintenance practices.  Starting with a separation between system analysis and programming, then dividing maintenance into application areas, and finally moving towards a separation between development and maintenance.  The data presented here shows a further phase when development is external and maintenance is either external or internal.  We have found both; interestingly, internal maintenance seems to be a viable option even when systems include packages.  Furthermore, our predictions regarding internal maintenance have not been supported, but we found, consistent with the hold-up argument of TCE, that critical systems are likelier to be maintained in-house.

Hyberston et al. (1997) conjecture that package versions may become the major source of adaptive maintenance.  From a TCE perspective, packages may change maintenance practices because they create an inherent hold-up – the package owner may hold up the organization.  Our data show that customers try to prevent a hold-up: all contracts include vendor obligation to perform corrective and minimal adaptive maintenance for a fixed fee.  Some of the larger contracts state explicitly the period of the vendor obligation, usually seven or eight years. Only one of the 17 contracts  states that the customer is obliged to buy the maintenance services.

This work contributes to the literature in a first detailed description of actual maintenance contractual provisions, a theory-centered discussion of the trade-off between internal  and external maintenance, the development of a detailed instrument to measure software specificity, and empirical evidence about annual maintenance fee size.  

The limitations of this work are briefly mentioned in the previous section (§6.1).  The simple theoretical considerations and the methodological limitations result from the small number of contracts studied in this research.  Testing an elaborate model and validating the instruments statistically entails a much large data set. .  However, access to actual contracts is still very limited and even a small addition should be useful: Ang and Beath (1993) studied 6 contracts, de Loof (1998) studied 23 sourcing arrangements including their contracts.  Other examples of related research have not accessed contracts: for example, Lacity and Willcocks (1998, 1995) studied up to 61 sourcing decisions; Smith et al. (1998) studied 29 sourcing announcements; Aubert et al. (1996) outsourcing practices in 10 organizations; other studies were either organizational case studies or surveys.  

Further research should consider larger data sets, more elaborate models and instruments, and other questions regarding maintenance, such as comparisons between the maintenance nature, cost and procedures of custom-made, packaged and mixed software.  Maintenance is, and will be, a major cost of the software life cycle –understanding it in the current environment is required. 
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APPENDIX:  THE RESEARCH QUESTIONNAIRE

Maintenance

Is the developer committed by the contract to supply corrective maintenance?
Is the developer committed by the contract to supply adaptive maintenance?
Is the developer committed by the contract to supply  perfective maintenance?
What is the annual maintenance fee?
Who (developer or customer) owns the source-code of the custom-made software?
Who (developer or customer) owns the documentation of the custom-made software? 
Who (developer or customer) owns the source-code of the package software?
What is the minimal reaction time for maintenance calls?
How long is the (maintenance) warranty period included in the contract?
Our intention is to contract the supplier to maintain and enhance the system (yes/no).

Specificity

What was the number of bidders for this contract?

How many potential Israeli suppliers of this software are there?

How many potential Israeli organizations may use this software?

Much time and effort were invested in verbally conveying system requirements to the developer (agree=7 / disagree=1).  
Much time and effort were invested in learning the unique development methodology used by the developer (agree=7 / disagree=1).

A newly hired employee needs a lot of learning in order to be able to develop the system (in order to learn the language of the industry and firm,  unique work procedures and the unique features of the system) (agree=7 / disagree=1).

What is the delay (in months) that will be caused by hiring and training a new system analyst for the development team?

Maintenance frequency

How many adaptations are anticipated in the year after system deployment?
How many corrections and enhancements are anticipated in the year after system deployment?
What is the price of anticipated adaptations maintenance in the year after system deployment?

What is the price of anticipated corrections and enhancements in the year after system deployment?

Potential Loss

If the information system is not implemented or if it has operational problems, it will have large impact on (large impact =7 / small impact =1):


customer relations


profitability and financial health  


competitive position and market share 


organizational efficiency and image 


ability to carry out current operations 


reputation of the IS department 


reputation of the user department 
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Chart Data

		A1		0.66		12

		A2		0.64		16

		A3		0.77		10

		A5		0.68		14

		B1		0.58		10

		B2		0.52		15

		B3		0.65		10

		B4		0.6		13

		B5		0.72		15

		B6		0.56		15

		B7		0.54		10

		C1		0.49		12

		C2		0.37		10

		C3		0.45		10

		C5		0.83		10





No B1 B6

		Name		Adaptations		Perfections		Rank		A+P		aPrice		pPrice		nPrice1		nPrice2		Rank		Frequency		Rank		Specificity		Rank		Loss		Fee		Internal

		A1		2		1		6		3		10				0.11		0.1		5		0.20		11		0.66		1		0.22		12		0

		A5		3		2		12		5		300				0.52		0.22		11		0.62		12		0.68		8		0.61		14		0

		B2		3		3		15		6		50				0.54		0.4		14		0.82		5		0.52		11		0.66		15		0

		B3		1		3		9		4		5		100		1.11		1.11		12		0.70		10		0.65		5		0.43		10		0

		B5		1		1		1		2						0		0		1		0.00		13		0.72		7		0.51		15		0

		C1		1		2		6		3		0		9		0.22		0.2		7		0.24		3		0.49		4		0.39		12		0

		C2		1		1		1		2		0				0		0		1		0.00		1		0.37		2		0.31		10		0

		C4		1		2		6		3				50		0.38		0.25		8		0.27		4		0.5		8		0.61		5		0

		C5		1		1		1		2				50		0.21		0.2		4		0.07		15		0.83		6		0.45		10		0

		A2		3		1		9		4						0		0		9		0.33		9		0.64		14		0.8		16		1

		A3		2		3		12		5		90				0.82		0.52		13		0.72		14		0.77		12		0.67		10		1

		A4		3		2		12		5		720				1.3		1.07		15		0.90		6		0.53		15		0.88		43		1

		B4		1		1		1		2				100		0.76		0.51		6		0.21		8		0.6		13		0.71		13		1

		B7		3		1		9		4		150				0.52		0.43		10		0.49		7		0.54		3		0.37		10		1

		C3		1		1		1		2		0		0		0		0		1		0.00		2		0.45		8		0.61		10		1

		t		12%		27%		36%		33%		12%		48%		16%		23%		22%		25%		41%		42%		1%		1%		12%		0%

						ext F		6.00												7.00		0.33		10.00		0.60		6.00

						int F		9.00												9.50		0.44		7.50		0.59		12.50

						dif		-3.00												-2.50		-0.12		2.50		0.01		-6.50





No A4 C4

		Name		Adaptations		Perfections		A+P		aPrice		pPrice		nPrice1		nPrice2		Frequency		rank		Specificity		rank		Loss		rank		Fee		Internal

		A1		2		1		3		10				0.11		0.1		0.20		11		0.66		1		0.22		8		12		0

		A5		3		2		5		300				0.52		0.22		0.62		12		0.68		10		0.61		11		14		0

		B1		1		1		2		0				0		0		0.00		7		0.58		8		0.49		1		10		0

		B2		3		3		6		50				0.54		0.4		0.82		4		0.52		12		0.66		12		15		0

		B3		1		3		4		5		100		1.11		1.11		0.70		10		0.65		6		0.43		1		10		0

		B5		1		1		2						0		0		0.00		13		0.72		9		0.51		12		15		0

		B6		1		3		4		0		100		0.43		0.4		0.47		6		0.56		4		0.39		12		15		0

		C1		1		2		3		0		9		0.22		0.2		0.24		3		0.49		4		0.39		8		12		0

		C2		1		1		2		0				0		0		0.00		1		0.37		2		0.31		1		10		0

		C5		1		1		2				50		0.21		0.2		0.07		15		0.83		7		0.45		1		10		0

		A2		3		1		4						0		0		0.33		9		0.64		15		0.8		15		16		1

		A3		2		3		5		90				0.82		0.52		0.72		14		0.77		13		0.67		1		10		1

		B4		1		1		2				100		0.76		0.51		0.21		8		0.6		14		0.71		10		13		1

		B7		3		1		4		150				0.52		0.43		0.49		5		0.54		3		0.37		1		10		1

		C3		1		1		2		0		0		0		0		0.00		2		0.45		10		0.61		1		10		1

		r (Fee)		0.36		0.16		0.35		0.24		0.45		-0.11		-0.17		0.21		0.09		0.08		0.38		0.40		0.98		1.00		-0.10

		r (rank Fee)		0.35		0.11		0.31		0.23		0.37		-0.11		-0.18		0.18		0.09		0.07		0.34		0.36		1.00		0.98		-0.10





Data by groups

		Name		Adaptations		Perfections		A+P		aPrice		pPrice		nPrice1		nPrice2		Frequency		Specificity		Loss		Fee		Internal

		A1		2		1		3		10				0.11		0.1		0.20		0.66		0.22		12		0

		A5		3		2		5		300				0.52		0.22		0.62		0.68		0.61		14		0

		B1		1		1		2		0				0		0		0.00		0.58		0.49		10		0

		B2		3		3		6		50				0.54		0.4		0.82		0.52		0.66		15		0

		B3		1		3		4		5		100		1.11		1.11		0.70		0.65		0.43		10		0

		B5		1		1		2						0		0		0.00		0.72		0.51		15		0

		B6		1		3		4		0		100		0.43		0.4		0.47		0.56		0.39		15		0

		C1		1		2		3		0		9		0.22		0.2		0.24		0.49		0.39		12		0

		C2		1		1		2		0				0		0		0.00		0.37		0.31		10		0

		C4		1		2		3				50		0.38		0.25		0.27		0.5		0.61		5		0

		C5		1		1		2				50		0.21		0.2		0.07		0.83		0.45		10		0

		A2		3		1		4						0		0		0.33		0.64		0.8		16		1

		A3		2		3		5		90				0.82		0.52		0.72		0.77		0.67		10		1

		A4		3		2		5		720				1.3		1.07		0.90		0.53		0.88		43		1

		B4		1		1		2				100		0.76		0.51		0.21		0.6		0.71		13		1

		B7		3		1		4		150				0.52		0.43		0.49		0.54		0.37		10		1

		C3		1		1		2		0		0		0		0		0.00		0.45		0.61		10		1

		t		7%		24%		29%		7%		39%		12%		19%		21%		45%		1%		10%		0%

		r		0.47		0.11		0.39		0.91		0.34		0.50		0.49		0.48		-0.06		0.53		1.00		0.33





Original Data

		Name		Adaptations		Perfections		AplusP		aPrice		pPrice		nPrice1		Specificity		Loss		Fee		Internal

		A1		2		1		3		10				0.11		0.66		0.22		12		0

		A2		3		1		4						0		0.64		0.8		16		1

		A3		2		3		5		90				0.82		0.77		0.67		10		1

		A4		3		2		5		720				1.3		0.53		0.88		43		1

		A5		3		2		5		300				0.52		0.68		0.61		14		0

		B1		1		1		2		0				0		0.58		0.49		10		0

		B2		3		3		6		50				0.54		0.52		0.66		15		0

		B3		1		3		4		5		100		1.11		0.65		0.43		10		0

		B4		1		1		2				100		0.76		0.6		0.71		13		1

		B5		1		1		2						0		0.72		0.51		15		0

		B6		1		3		4		0		100		0.43		0.56		0.39		15		0

		B7		3		1		4		150				0.52		0.54		0.37		10		1

		C1		1		2		3		0		9		0.22		0.49		0.39		12		0

		C2		1		1		2		0				0		0.37		0.31		10		0

		C3		1		1		2		0		0		0		0.45		0.61		10		1

		C4		1		2		3				50		0.38		0.5		0.61		5		0

		C5		1		1		2				50		0.21		0.83		0.45		10		0
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