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Abstract

This study assesses the response to risk in software development by measuring risk and milestones in fixed price software development contracts.  The well-defined nature of such projects allows us to claim that milestone tied payments are the main risk reducing device.  Using a Principal-Agent model, we predict a positive correlation between risk and milestone intensity. 

We study seventeen contracts at three large Israeli corporations, recording for each about forty risk items and seven milestone intensity measures, for each.  However, we fail to support our prediction for a correlation between risk and milestones.  

We suggest various explanations for this negative result, including the limitations of such a small scale quantitative study, the lack of formal risk management at the research sites, and the usage of alternative risk reducing mechanisms.  In particular, we show that crude proxies for risk, like contract price and development time, are used to set milestone intensity.  We also demonstrate that contract boundaries may represent reaction to risk where risky projects are divided into numerous small contracts.

1. INTRODUCTION

The need to manage risk in information system development has gained considerable attention since the late eighties (e.g., Boehm, 1989).  Risk management is currently considered an integral part of the software development process  (SEI, 2001), and experienced project managers agree upon a set of universal risk factors (Keil et al., 1998).  However, there has been little empirical evidence regarding managers’ actual reaction to risk, and the few papers to include such evidence are single case studies (Ropponen and Lyytinen, 2000).

The current study assesses the response to risk in outsourced software development projects.  We study the reaction to risk in fixed-price software development contracts by measuring the intensity of the project milestones.  A milestone is an endpoint of a software development activity which is typically associated with a deliverable or a progress checkpoint (Sommerville, 1997).  When development is performed by an external vendor, the careful preparation of the milestone schedule provides a mutually agreed upon outline of how and when work will be accomplished (Roditti, 1998).  Milestones should be frequent enough to prevent progress problems from lying undetected, however, too frequent milestones entail preparing costly but uncessary deliverables and checkpoints (Sommerville, 1997).  

When risk is considered, milestones are a generic tool to mitigate risk by analyzing decisions and reviewing partial outcomes. Using a Principal-Agent model (Holmstrom, 1989), we claim that risky projects should include frequent and detailed milestones, while low-risk projects need not many such checkpoints.  Our claim is in particular pertinent to well-defined and stable projects contracted by external vendors on a fixed price basis. We have studied seventeen such systems contracted for three large Israeli corporations.  For each system, the contractual deliverables and payments have been  recorded, and the risk has been assessed through structured interviews with project managers.  We expect that the large IS departments, the experienced project managers, and the general awareness of risk management in the research sites (Ropponen and Lyytinen, 2000), provide for appropriate reaction to risk. 

The paper continues as follows: Section 2 includes a description of a Principal-Agent model and a brief review of relevant previous work.  Section 3 interprets the model and set forth our prediction. Section 4 discusses the research method and instruments, while the research questionnaire is given in Appendix A. Section 5 describes briefly the context, contracts, milestone intensity and risk, while Appendix B presents in more detail the actual milestones.  The analysis is described in Section 6 and a discussion and conclusions are presented in the final two sections.

2. Theory and previous work

Principal-Agent models explore the tradeoffs in managing an uncertain venture owned by a principal and performed by an agent whose actions are not fully observable.  Outsourcing of software development fits this description well as uncertainty is typically significant, performance is difficult to measure, and external development is unobservable. 

The theoretical literature discusses many variations of the setting, including asymmetric pre-contractual beliefs, relative performance measures, repeated relationships, multiple agents, and partnership models (Dutta and Radner, 1994).  Much of the literature is very technical and hardly testable in our context.  We use a simple linear model (Holmstrom, 1989) which identifies the basic tradeoffs in Principal-Agent ventures. 

The venture under consideration yields an uncertain payoff which depends on the agent’s effort.  The principal wishes to maximize payoff, while the agent is averse to effort.  Paying the agent according to effort is impossible because it is unobservable, and paying according to the payoff is problematic because the overt payoff does not fully reveal the underlying effort. 

The main conclusions under this setting are that the payoff possible under full observability will not be achieved, and that the principal’s optimal contract is linear:   the agent should be paid a fixed-fee to make him participate, as well as a share of the payoff to encourage effort without overly burdening him with risk.   Assuming a risk neutral principal and a risk averse agent, it is shown that the optimal share is higher when the agent’s aversion to risk, the project risk and the cost of effort are all lower.  This result reflects the tradeoff between risk sharing and incentives to supply effort: for optimal effort the agent gets the full payoff; for optimal risk sharing, the payment is not dependent on payoff and no risk is put on the agent. 

When a non-perfect monitoring of the agent’s effort is introduced, the optimal pay becomes dependent on both payoff and monitor, and the intensity of optimal monitoring increase with the project’s risk.  The reason is that higher risk reduces the agent’s share, resulting in a reduced effort and reduced marginal cost of effort.  Consequently, the incentive tied to monitoring will be raised making measurement errors more significant and thus investment in monitoring more valuable.

The empirical evidence generally supports these predictions.  Eisenhardt (1989) reviews the evidence and finds support for links between contract form and uncertainty, measurability, programmability of the agents tasks and monitoring.  Milgrom and Roberts (1992) review studies of executive and managerial compensation and conclude that there is empirical support for the Principal-Agent hypotheses, although there are difficulties in the measurement and interpretation of the theoretical constructs.

Elements of Principal-Agent reasoning have been used in several IS studies, including Whang’s (1992) model of sequential phases in software development, and Wang et al. (1997) who model sequential incomplete contracts with information asymmetries, bargaining and investment externalities.  The most relevant to our work is Banker and Kemerer’s (1992) Principal-Agent model that ranks different IS development performance evaluation metrics.  The principal of this model seeks to motivate the agent to increase benefits and decrease costs which include development cost and timeliness as short-term outcomes, maintenance cost and system effectiveness as the long-term performance. The evaluation of these four metrics with respect to the certainty in linking outcomes to effort, sensitivity of the outcomes to effort, and the accuracy of measuring outcomes finds that cost and timeliness rank high, effectiveness medium and maintainability ranks low.  Using two case studies it is indeed found that cost and timeliness are emphasized and maintainability and effectiveness are not even used.

The economic aspects of milestones were studied in a Transaction Cost Economics analysis of hierarchical elements in software development contracts (Ang and Beath, 1993).   Such elements include authorization of changes to specifications and prices, penalties for delays and rewards for early completion, and formal progress reports. Analyzing six contracts, a positive correlation is found between the frequency of hierarchical elements and uncertainty and specificity of the projects.  In an earlier paper, Beath (1987) shows that the quasi-market governance that includes pre-specification, infrequent checkpoints, and formal progress measurement, is successful for large and uncertain projects but unsuccessful otherwise.

Finally, there are many studies of software development risk, and we refer the reader to a survey of the literature from a socio-technical perspective (Lyytinen et al., 1998).  However, there has been little empirical evidence regarding managers’ actual reaction to risk, and the few papers to include such evidence are single case studies (Ropponen and Lyytinen, 2000).

3. Proposition

The linear Principal-Agent model described above is used here to study an economic interpretation of milestones.  Specifically, we interpret milestones as a monitoring device used by the customer to observe the vendor’s effort.  We assume that milestones are costly because negotiating their specification, and producing and accepting their deliverables are indeed costly.  An additional assumption is that the long term outcomes of the development project, effectiveness and maintainability (Banker and Kemerer, 1992), are the venture payoffs.  Finally, we assume that the payoff share of the linear model is paralleled by the fixed price of the contract: the vendor keeps all cost savings and thus has an incentive to reduce cost.  

Alternative Principal-Agent interpretations of milestones are possible, but are not as clear.  Interpreting the deliverables as the payoff is problematic.  Firstly, the payoff of the project is the long-term effectiveness of the system as deployed in the organization. Secondly, many deliverables are difficult to interpret as partial payoffs; for example, a single module will probably be useless for an alternative vendor. A second alternative interpretation may be to interpret milestones intensity as the intensity of performance based-incentives.  However, this is also problematic: we may say that the vendor is paid for partial deliverables and not for achieving the final timeliness target, so intensive milestones are less strongly performance-based, but  each milestone includes an acceptance element, thus making intensive milestones more strongly performance-based.

To sum up, we interpret milestones as a monitoring device, and reject, within the linear model, alternative interpretations.  The model predicts that the optimal payment is dependent linearly on both venture payoff and the monitor.  In our context, we interpret this simply to mean that part of the payments are tied for the completion of milestones.  The main result of the linear model is that as the project risk increases, so does the intensity of optimal monitoring, and in our context: 
Proposition:  There will be a positive correlation between project risk and milestone intensity.

An additional check of this proposition may be an interpretation of the proof given by Holmstrom (1989).  Specifically, higher risk reduces the expected cost savings which are the agent’s share.  This reduces the agent’s effort towards achieving long term effectiveness, probably as it concentrates on costs.  Assuming that the marginal cost of effort has gone down as effort reduces, the payments tied to milestones will be raised.  This increases the risk arising from measurement errors, namely, the possibility that the customer will reject an appropriate milestone.  Thus, it becomes valuable to invest more in monitoring, by having frequent well-defined milestones.  This subtle chain of reasoning seems plausible in our context and supplies an additional justification for our proposition. 

A simpler sanity check is to look for the intuitive meaning of the proposition.  It seems quite reasonable to set frequent milestones when the project is risky.  For fixed price contracts where the system is well defined, it is reasonable to assume that these milestones should be very detailed.  Similarly, when a project is straight forward and has low risk, it is reasonable not to invest in negotiating, producing and accepting detailed and frequent milestones.  So, yet again, we find our prediction reasonable.

4. Methodology

4.1. Method

The research method aims at a direct and detailed study of software development contracts with careful attention to their organizational context.  Research of actual software development contracts is still very limited: Ang and Beath (1993) studied 6 contracts and Banker and Kemerer (1993) studied contracting practices in two sites. In the wider area of IS outsourcing, de Loof (1998) studied 23 sourcing arrangements including their contracts.  Other works studied sourcing decisions, announcements, or practices (Lacity and Willcocks (1998, 1995), Smith et al. (1998), Aubert et al. (1996)), but not actual contracts.

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 which were fully or partially 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 organizational context and the independent variable were studied through structured interviews with the contract managers. Interviews lasted between one and three hours, with ninety minutes being typical, in a few of the cases, follow-on telephone inquiries were conducted, and the interviews 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.  This entailed us to measure vendor characteristics by the customer’s assessments.  However, the linear model considers an incentive scheme which is optimal to the principal, thus making the customer’s point of view paramount.  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.

4.2. 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 Appendix A. 

Milestone intensity
A software development milestone is defined by four elements: a deliverable, a date when the deliverable is expected, a payment to be paid on acceptance of the deliverable, damages to be paid in case of delay in providing the deliverable. A milestone should be specified in the contract, and an informally agreed milestone is not considered in this research.  The deliverable may be a report, source code, a partial system, an acceptance test, deployment, or training.  However, support and maintenance deliverables are not considered as software development milestones, as they represent the ongoing investment in the system after its deployment.

This definition follows the prediction that optimal payment is tied to monitoring and it agrees with Roditti’s (1998) description of milestones, where payments are tied to the customer’s approval of deliverables.  However, our definition differs from Sommerville’s (1997), where a milestone may be any end-point of a software process activity.  It should be emphasized that tying milestones to payments is central to our reasoning – indeed, other monitoring and risk reducing mechanisms are possible, but for fixed price externally developed projects milestone tied payments are the main tool to monitor and control the project.  

We define milestone intensity in a contract as three items:

1. Number:  the number of milestones, as well as their number divided by the custom-made software price and by the full contract price. 
2. Length: the length in pages of milestone specifications (except acceptance test), the length in pages of acceptance test, and the sum of both lengths above, divided by the contract length.
3. Damages: Milestone-tied damages in thousands of dollars per week (not including acceptance-test-tied damages), and acceptance-test-tied damages in thousands of dollars per week.  The above sums are also normalized by the custom-made software price and the full contract price.
The length items are included as coarse indications of the level of detail of the specification documents.  As we are studying formal contracts, specs are costly to negotiate and their length may be interpreted as an indicator of milestone intensity and investment in monitoring.  We measure the length of acceptance specs to contrast monitoring of progress during development with the final acceptance of the system.  

Normalized data is included to capture the notion of intensity.  Price normalization is by both the custom-made software price and the full contract price, as both are used for milestone-tied payments. 
Risk
The risk we wish to measure is the ex-ante risk, namely risk at the time the contract is signed.  However, assessments by project managers are prone to retrospective bias, and to reduce it we should have studied contracts as soon as they are signed.  This would have reduced our small sample even further, and as a practical compromise, we studied systems which had not been deployed yet.  We conjecture that only deployment reveals the ex-post nature of the project, and that during the external development, retrospective bias is relatively small.  We took three additional precautions: the time since contract signature is recorded; our respondents are asked to asses risk items from that point of time; and the subsets of objective and subjective items are analyzed separately.

Our risk instrument is based on the questionnaire developed by Barki et al. (1993).  However, the original questionnaire is too long for our context, and it does not fully suit outsourcing where the customer is less familiar with the development team, and agency risks should be measured.  The questionnaire was shortened by removing variables with relatively low loading (Barki et al., 1993; table 8, p.214) and variables that are difficult to answer with confidence by the outsourcing customer.  Two items were added to measure outsourcing risk - length of relationship and reputation, assuming that long relationship and good reputation reduce risk.  These items are taken from the Principal-Agent literature (Dutta and Radner, 1994), as outsourcing risk factors of the IS literature are not relevant for small scale outsourcing.  For example, the risk factors presented by Earl (1996) and Loh and Venkatraman (1995), e.g., weak management and loss of control in decision-making, are inappropriate in our context.  An additional uncertainty item was taken from Ang and Beath (1993): we ask about the stability of specification, and time and cost assessments.  

The resulting instrument includes 33 items to measure uncertainty and 7 items to measure magnitude of potential loss, and is presented in Appendix A.  The overall risk score is calculated as suggested by Barki et al. (1993, p.215), by transforming each of the sub-items to a 0-1 scale, calculating an average and multiplying the uncertainty score by the magnitude of potential loss.  Partial products are also calculated, in particular, the objective and subjective subsets, and items related to development and those related to users.

As a final comment, it should be noted that studies that were published after data collection had commenced are only partially covered by our instrument.  Specifically, some of the risk factors identified by Keil et al. (1998) are incompletely covered (e.g., inadequate user involvement, misunderstanding requirements), or not covered (lack of top management commitment, not managing change properly).  Some of the risk factors mentioned by Aubert et al. (1998, 1999, 2001) are also not covered (e.g., asset specificity, measurement problems, cultural fit).

5. Data

5.1. 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. Risk management is also similar in the three sites, as all the managers we interviewed are well aware of uncertainty and potential loss, controlling them through project management techniques, like periodical meetings, user participation, and prototypes.  However, none of the three sites employs a formal procedure for assessment and management of risk.


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

5.2. 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, and Table 3 presents brief descriptions of the systems functionality. 
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0


120
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230


63


0



Contract length (pages)
4


25


100


10


222


22


38


15


55


22


82


200


3


165


124


211


130



Develop. period (months)
4


6


14


9


21


4


6


5


4


22


6


6


6


6


15


12


24



Team size
4


4


3


3


8


4


3


5


8


3


5


10


3


2.5
6


6


8



Competing vendors
1
3
3
2
2
7
2
2
5
2
1
5
1
5
6
6
4

Table 2: Contracts

Contract
Function

A1
Customization of a laboratory management system

A2
Decentralized  budgeting 

A3
Communication with independent service providers

A4
Payroll 

A5
Logistic management 

B1
Digital conversion and identification of documents

B2
Customization of a Workflow package

B3
A management support tool for internal IS development

B4
Payroll simulation

B5
A DSS for managing customer relationship and marketing

B6
An electronic data interchange system with DSS functionality

B7
An informational web-site for pre-subscribed customers

C1
Management of the board of directors 

C2
Electronic media archive

C3
Inventory budgeting

C4
Properties management

C5
Obligations management

Table 3: Functionality
5.3. Milestones

Brief descriptions of the milestones are given in Appendix B.  Here, the main items of milestone intensity are presented Table 4. Milestone numbers exhibit considerable variability – at least one milestone per project  and at most seven. Most contracts include only crude specifications of milestones, typically a page or two; only two contracts have substantial specifications, of 50 and 10 pages.   In many projects, one of the vendor’s tasks is to define the acceptance test.  Most of the contracts at firms A and B do not include damages tied to milestones.  At firm C, most contracts include damages – either 0.5% of the full contract price per week, or 0.5% of the payments for the delayed deliverable.
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B1
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B4


B5


B6


B7


C1


C2


C3


C4


C5



Number
1
1
4
5
7
7
7
3
2
7
3
5
5
1
4
5
5

Number /         SW price
.011


.010


.036


.009


.012


.099


.076


.032


.015


.043


.013


.017


.132


.008


.018


.019


.010



Length (pages)
0
0
1
1
50
1
1
1
1
2
2
10
1
0
2
1
1

Damages ($K/week)
0


0


1


0


5


0


0


0


0


0


50


0


0


0


3


0.66


1



Table 4: Milestone intensity

5.4. Risk 

Table 5 presents the r2 values of significant correlations between the risk sub-instruments (on the rows) and three variables (on the columns). The contract managers’ assessment of uncertainty is correlated with risk.  Software price and development time are correlated with uncertainty components, but not with loss or risk.  


Uncertainty assessment
Software

price
Development time

Objective uncertainty items

.64 **
.41 *

Subjective uncertainty items
.44 **

.53 ***

Users related uncertainty
.44 **



Development related uncertainty
.47 **
.49 **
.59 ***

Outsourcing related uncertainty 




Overall uncertainty




Potential loss




Risk
.44 **



* p < 5%;  ** p < 1%;  *** p < 0.1%;   all correlations are positive

Table 5: Risk correlation

6. Analysis

The small number of data-points allows only very basic statistical analysis.  In particular, milestone numbers demonstrate enough variability to allow the analysis of correlation with risk, while milestone length and milestone tied damages demonstrate low variability entailing analysis of difference between groups of observations.  

6.1.1. Milestone number

There is no significant correlation between milestone number (non-normalized and normalized) and the project risk, contrary to our proposition.  Figure 1 presents the contracts on a scatter diagram of non-normalized milestone number (Y-axis) versus risk (X-axis); it demonstrates that the predicted correlation does not exist in our data set.




Figure 1: Milestone number vs. risk (n=17)
We checked the correlations between milestone number and the various risk components, including the contract manager’s assessment of the project uncertainty,

the objective and subjective sub-items of the development uncertainty, uncertainty regarding users and the outsourcing uncertainty.  We found that all significant correlations are negative, contrary to the proposition.

We further consider the data-set by removing three problematic contracts:

· It was assumed that B1 development would cost around $500K and six milestones were defined in the request for proposals.  However, the winning vendor had developed a similar system for a previous customer and was ready to customize it for about $90K, but the original six milestones were kept.

· Although C2 contains significant software development, it was contracted with  hardware purchasing procedure with the full price paid on acceptance. The contract manager felt that she lacked control over the development phases.

· The milestones for C4 were dictated by the vendor, so most of the price is paid on submission of documents.  The contract manager considered the milestones inappropriate.

Analyzing the remaining data set have not supported the predicted correlation between risk and milestone number.  Figure 2 demonstrates this by presenting the remaining contracts on a scatter diagram – non-normalized milestone number on the Y-axis and risk on the X-axis.




Figure 2: Milestone number vs. risk (n=14)
6.1.2. Milestone length

As the variability in milestone length is limited, the proposition is checked crudely by comparing the means of the risk scores of two groups. One group is A5 and B7 with relatively large specs, while the second group is all the other contracts that include small milestone specs.  The difference between the means of risk values for the groups (Large specs – Small specs) and the standard error of the difference are comparable (-.04 and .05), not supporting the proposition.

6.1.3. Damages

The variability in milestone-tied damages in our data set is mainly organizational as damages are standard in C contracts and uncommon at A and B.  Thus, the proposition is checked only in firms A and B.  The four contracts which contain damages provisions are compared with those without such provisions.  The difference between the means of the risk scores for the groups (With damages – Without damages), and the standard error of the difference are comparable (-.02 and .04), not   supporting the prediction.

7. Discussion

We studied the conditions influencing milestone intensity in seventeen fixed price software development contracts and have not found support for the proposition that milestone intensity is positively correlated with risk.  In this section, we offer some explanations to the result, suggest alternative explanations, and present managers’ views about them. 

7.1. Explaining the results

Firstly, the assumption about the customer’s ability to respond to risk is fundamental in this study.  We did not have a reason to doubt it a priori, since the three sites have large IS departments that use standard project management techniques to control risk, and because the project managers are experienced, well-educated and have general awareness of software risks and their management (Ropponen and Lyytinen, 2000).  In retrospect, though, it raises a question as to whether optimal reaction to risk can be achieved without a formal risk management methodology. A related issue is that of the applicability of our  rational model to the actual behavior of managers.  A behavioral model may question our original proposition (Lyytinen et al., 1998).

Secondly, the interpretation of milestones as monitoring is central to this paper.  However, apart from monitoring, milestones capture aspects of the sequential division of work and incentives for project-specific investment (Richmond and Seidmann, 1992).  The linear model does not incorporate these effects, which possibly explains our inability to support its predictions.  

Thirdly, wrong analysis may be another explanation for our findings.  We aggregated data from three research sites, which may be inappropriate.  However, the similarities between sites in contracting procedures, vendor pool and project management are significant.  Similarly, our statistical analysis tools may also be inappropriate, as the standard statistical assumptions are not satisfied. 

Finally, our instruments have been developed for the current study and have not been validated using statistical tools.  Nevertheless, we consider both milestone intensity and risk as comprehensive, arguing that the main observation of this paper –the lack of a clear milestone response to risk – stands.  

7.2. Alternative explanations

Another way to explain our negative result is to look beyond the theoretical perspective and to form alternative explanations.  There is a strong positive correlation between the number of milestones and the development time.  Without the problematic contracts, r2 is .39 and it is significant at the 5% level.  According to this explanation, the milestone intensity is set to fit a simple construct - the project development period.  Milestones are used to divide the development period into stages as a milestone is set every two or three months.  Time as a simple, explicit construct is used to set milestone intensity, while the complex, implicit, risk construct is ignored.  However, it should be noted that time is correlated significantly and positively with the development component of uncertainty but not with risk. 

An alternative explanation rooted in the Principal-Agent literature may be that risky projects are developed by vendors who have long-term relationship with the customer.  For example, Dutta and Radner  (1994) show that if an agent is fired when performance is unsatisfactory, then it is possible to restore full efficiency of the venture.  We asked about the length of past relationship with the same developer, the number of previous contracts, and the anticipation of long term relationships with the vendor.  There is no significant correlation between these items and risk, however, the expected length of relationship is a good predictor (p<10%) of milestone length – relatively short relationship are expected for the contracts with detailed milestone specifications.  

Another explanation is suggested by the incomplete contracting literature, for example, Hart (1996) explains that milestones in house construction are needed because it is impossible to draft complete contracts.  Roditti (1998) similarly explains that milestones protect the IS developer vendor from client late requests.  However, it seems that this explanation is less relevant in our Fixed Price contracts, and indeed there is no correlation between milestone number and the stability of system specification.

Yet another explanation is that additional mechanisms are used when risk is high.  In particular, user participation in a development team is considered useful for low structure projects (Applegate et al.; 1996).  Indeed, the two projects that include users in their development teams (A2 and B4) have relatively high risk scores.  Another example is prototyping: the vendor of project B4 supplied a pilot system as part of the bidding; this may explain why a single milestone was satisfactory for this high risk project.

The final alternative explanation is that contract boundaries represent the reaction to risk.  The contracts are divisions of larger projects such that high risk projects are divided into many small contracts, as in the following:

· A1 is the customization project of a laboratory management system.  The full project includes a general license for the system and customization for different organizational units.

· B2 is the customization of a Workflow package and its pilot deployment.  The full project includes the selection of a company-wide Workflow package, several pilot deployments, and gradual customization and deployment in all divisions.

· B7 is an informational web-site.  The full project includes separate sub-projects for customer identification and an internal gateway.  At a higher level, the project is considered part of the gradual buildup of E-commerce infrastructure.

· C2 is an electronic media archive.  It is intended as a first step in transforming firm documentation from paper to digital media.

According to this explanation, risk is managed by dividing the projects into sub-projects and contracts.  The fact that we do not find reaction to risk within contract boundaries indicates mainly that a contract, as a unit of analysis, is too narrow.  This agrees with one of the techniques Ropponen and Lyytenen (2000) report – keep projects small.

7.3. Managers’ views

As we have not succeeded in anticipating the intensity of milestones in the software development contracts we studied, a final stage of this research was to ask senior managers for their views regarding our results.  At A and B, personal interviews were conducted with senior deputies to the CIO; at C the CIO answered the questions by fax and his senior assistant added missing data and views.  The answers are summarized in Table 6; empty entries denote missing answers (mostly, ‘I don’t know’).

There is some disagreement about the ways milestones are set: one of the managers sees price as the major factor, and two identify the development period as the major influence on the number of milestones.  Two managers mention technological divisibility as a major consideration.  The three sites represent three levels of risk management: none (A); through progress meetings (C); currently through tight control, but towards a more systematic measurement and management of risk (B).

Questions
A
B
C

Milestone number is set according to
the divisibility of the project; 

project price
development  period and only then by risk and criticality
development  period, uncertainty and technological divisibility

Damages are not included in contracts

because . . .
it is difficult to show who is to blame and to enforce their payment
suppliers do not agree
(damages are included at C)

We manage risk by . . .
we don’t
tight control; we’ve started risk measurement and management of IT operations
weekly and monthly control meetings

Contract boundaries are specified according to . . .
it depends on who initiates a project; we try to start with a pilot system
we try to get partial solutions on time rather than perfect solutions 
technological connectedness of components and supplier ability

Table 6: Managers’ views

8. Conclusions

Although milestones are central to the monitoring and control of software development, we have not found their intensity attuned to project risk in seventeen fixed price contracts we have studied.  We have found that experienced managers with good understanding of risk prefer to use a simple but insufficient criterion like development time in setting the frequency of milestones.  As the research sites are large firms with wide experience in information systems and external software development, we conjecture that this result is more general.  It demonstrates the need for explicit, formal risk management in order to come close to economically optimal development contracts.

We see the careful empirical demonstration of lack of response to risk as the main contribution of this paper.  Further contributions are in the interpretation, operationalization and testing of a general economic model, a theoretical account of some aspects of software development risk, and reporting the nature of milestones in software development contracts.

The limitations of this research are discussed in the previous section .  In particular, the small number of contracts entailed the aggregation of data from three sites, not allowed statistical validation of instruments,  and allowed only limited statistical analysis.  Our narrow definition of the reaction to risk, as milestone intensity, disregarded other mechanisms, and we may overlooked other functions of milestones.  We restricted data collection to customers, and not to vendors, and all our sites are Israeli corporations.   These limitations call for further research of actual response to risk and its manifestation in software development contracts.  Larger data-sets from other parts of the world are clearly called for. 
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APPENDIX A: RESEARCH QUESTIONNAIRE

Most subjective instruments are given in a uniform format of a seven point Likert scale checking the respondent attitude towards the statement.  The scale labels are: full agreement (7),  high agreement (6),  some agreement (5), a neutral attitude (4), some disagreement (3), high disagreement (2), and full disagreement (1).  The potential loss items are similarly labeled with large impact (7) to small impact (1). 

Milestones and Acceptance-Test

What is the number of milestones?
What is the level of detail of  the development milestone specifications?
What is the accumulated milestone-tied payments?
What is the accumulated milestone-tied damages?

What is the level of detail of the acceptance test specification?
What are the acceptance test-tied payments?
What are the acceptance test-tied damages?
Potential loss

If the information system is not implemented or if it has operational problems, it will have large impact on:


customer relations  (large impact =7/small impact =1),


profitability and financial health  (large impact  =7/small impact =1),


competitive position and market share (large impact =7/small impact =1),


organizational efficiency and image (large impact =7/small impact =1),


ability to carry out current operations (large impact =7/small impact =1),


reputation of the IS department (large impact =7/small impact =1),


reputation of the user department (large impact =7/small impact =1).

Uncertainty

What is the number of software suppliers?

How large is the development team (number of people)?

Does the development team includes IS department staff?

Does the development team includes external employees?

Does the development team includes users?

Does the development team includes others?

What is the number of users of the future IS in the organization?

What is the number of hierarchical levels occupied by these users?

The project size is much higher than our typical IS project in term of person-days,    

 
scheduled months and budget allocated  (agree=7/disagree=1).

How many existing information systems will be linked to this system?

How many systems currently under development will be linked to this system?

The project is considerably larger in comparison with a typical IS project in the 

organization, in terms of person-months, schedule and budget 

(agree=7/disagree=1).

The information system, in particular the software, hardware and database are highly 

complex (agree=7/disagree=1).

The development team has much expertise in development methodology and the 

usage of software development and project management tools 

(agree=7/disagree=1).

The development team is very familiar with the application (agree=7/disagree=1).

The development team has  much expertise with the organizational task (e.g., 

knowledge about user functions, administrative experience and skill) 

(agree=7/disagree=1).

The users are experienced with information systems (agree=7/disagree=1).

The users strongly support the project (agree=7/disagree=1).

The new IS will require user tasks to be modified a great deal (agree=7/disagree=1).

The new IS will lead to major changes in the organization (agree=7/disagree=1).

In order to develop this system, the resources are insufficient (person-days,  schedule, 

financial resources) (agree=7/disagree=1).

Within the framework of this project, conflicts between development team members 

frequently occur, are serious, and concern very-important matters 

(agree=7/disagree=1).

The role of each person involved in the project is clearly defined  

(agree=7/disagree=1).

We were able to specify well the system requirements before signing the contract 

(agree=7/disagree=1).

We were able to specify accurately the development time and cost before signing the 

contract (agree=7/disagree=1).

When the first software development contract with the same developer was signed?

What is the number of previous contracts with the same developer during the last ten 

years?
I anticipate long term relationships with the developer (agree=7/disagree=1).

When the contract was signed, the developer reputation concerning achieving 

development cost targets was excellent (agree=7/disagree=1).

When the contract was signed, the developer reputation concerning achieving 

development timeliness was excellent (agree=7/disagree=1).

When the contract was signed, the developer reputation concerning achieving 

maintainability was excellent (agree=7/disagree=1).

When the contract was signed, the developer reputation concerning achieving long 

term effectiveness of the system was excellent (agree=7/disagree=1).
My assessment of  the supplier’s reputation has been changed since the contract was 

signed (agree=7/disagree=1).

The overall degree of uncertainty in this project is much higher than in our typical IS 

project (agree=7/disagree=1).

My assessment of  the degree of uncertainty in this project has been changed since the 

contract was signed (agree=7/disagree=1).

Appendix B: Milestones Summary

The following tables include the milestone labels and the relative size of the milestone-tied payments in the 17 contracts.  The separation into three tables, one per site, is to allow better readability.  The first line for each contract presents the labels of the milestones: Sign stands for the payment at contract signing; Accept stands for end of acceptance test; the labels Spec, Requirements, Documentation, and so on, stand for delivering and accepting the respective deliverables; labels like M1 or M2 stands for delivering and accepting module 1 and module 2.  The second line for each contract presents the fraction of contract price tied to milestones.  For each of the contracts the basis price is given in the first column.  In some cases it is the price for custom-made software, but in most contracts it is the full contract price (including package price, other activities, and in some cases hardware price).


1
2
3
4
5
6
7
8

A1    

Lab
Accept   








$90K
100%








A2    Budg
Accept








$220K
100%








A3
Com
Sign
Require-ments
Accept
Oper.  deploy
60 days after 4




$174K
20%
25%
25%
15%
15%




A4
Pay
Sign
Full spec
Data conver-sion
Pilot runs
Tech. conver-sion
Accept & release



$555K
10%
9%
18%
18%
18%
27%



A5
Log
Sign
Spec
Accept  M1 

Spec M2
Accept  M2 

Spec M3
Accept  M3 

Spec M4
Accept  M4 

Spec M5
Accept  M5 

Spec M6
Accept

$1360K
15%
18%
15%
11%
11%
11%
11%
8%

Deliverables and payments at firm A


1
2
3
4
5
6
7
8

B1
Doc
Design
M1
M2
M1 M2 connect
Docum-entation
Pilot deploy
Full deploy


$102K









B2 

WF
Design
Develop
Accept
Docum-entation
Pilot deploy
Full deploy
Train


$125K
14%
40%
8%
12%
4%
15%
7%


B3
MIS
Require-ments
Accept
Oper. deploy






$95K
33%
33%
33%






B4
Sim
Sign
Infra-structure deploy
Accept






$187K
26%
37%
37%






B5
DSS
Early Analysis 
Data conver-sion
Analysis 
Model
Report
System
Enviro-nment


$161K
4%
15%
9%
31%
3%
19%
19%


B6
EDI
Sign

Spec
Core Oper. Deploy
Accept






$232K
14%
43%
43%






B7
Web
Sign
Detailed design
Proto-type
Supply M1
Pilot
Accept



$350K
15%
10%
15%
15%
15%
30%



Deliverables and payments at firm B


1
2
3
4
5
6
7
8

C1
Dir
Spec & proto.
50% of dvlp.
End develop.
Accept
Train




$42K
25%
25%
20%
20%
10%




C2
Arch
Accept








$258K
100%








C3
Invent
During proto.
M1
M2 & M3 accept + 30 days of oper. usage
M4 & M5 accept + 30 days of oper. usage





$528K
25%
5%
40%
30%





C4
Prop
Sign
Submit Spec
Submit tests
Submit system
Accept
Deploy & train



$395K
10%
30%
40%
10%
5%
5%



C5
Oblig
Interface design
Develop-ment
Accept
Changes after Accept
User approval after 3 months of usage




$486K
10%
40%
20%
15%
15%




Deliverables and payments at firm C
( This paper is based on a chapter in my Ph.D. dissertation; the research was conducted in Tel-Aviv University under the supervision of  Prof. Gad Ariav.  








PAGE  
1

_991662890.xls
Sheet: תרשים1

Sheet: תרשים2

Sheet: תרשים3

Sheet: תרשים4

Sheet: תרשים5

Sheet: תרשים6

Sheet: תרשים8

Sheet: A

Sheet: גיליון7

Sheet: גיליון8

Sheet: גיליון9

Sheet: גיליון10

Sheet: גיליון11

Sheet: גיליון12

Sheet: גיליון13

Sheet: גיליון14

Sheet: גיליון15

Sheet: גיליון16

90.0

100.0

110.0

555.0

580.0

71.0

92.0

95.0

131.0

161.0

232.0

290.0

37.8

118.24285714285713

222.5

266.57142857142856

485.7142857142857

1.0

1.0

4.0

5.0

7.0

7.0

7.0

3.0

2.0

7.0

3.0

5.0

5.0

1.0

4.0

5.0

5.0

4.0

6.0

14.0

9.0

21.0

4.0

6.0

5.0

4.0

22.0

6.0

6.0

6.0

6.0

15.0

12.0

24.0

1.0

1.0

4.0

5.0

7.0

7.0

7.0

3.0

2.0

7.0

3.0

5.0

5.0

1.0

4.0

5.0

5.0

0.4606277056277056

0.46296536796536797

0.31989502164502165

0.32545454545454544

0.343452380952381

0.33316017316017316

0.38487012987012986

0.45438311688311683

0.32604978354978353

0.4153138528138528

0.44244047619047616

0.3691017316017316

0.27713744588744593

0.48783549783549784

0.42819264069264074

0.4161580086580086

0.4775487012987013

1.0

1.0

4.0

5.0

7.0

7.0

7.0

3.0

2.0

7.0

3.0

5.0

5.0

1.0

4.0

5.0

5.0

0.0

1.0

0.6666666666666666

0.16666666666666666

0.6666666666666666

0.8333333333333334

0.8333333333333334

0.8333333333333334

0.6666666666666666

0.6666666666666666

0.0

0.16666666666666666

0.16666666666666666

0.6666666666666666

0.16666666666666666

0.3333333333333333

0.8333333333333334

1.0

1.0

4.0

5.0

7.0

7.0

7.0

3.0

2.0

7.0

3.0

5.0

5.0

1.0

4.0

5.0

5.0

0.22448979591836735

0.7959183673469388

0.673469387755102

0.8775510204081632

0.6122448979591837

0.4897959183673469

0.6632653061224489

0.42857142857142855

0.7142857142857143

0.5102040816326531

0.3877551020408163

0.3673469387755102

0.3877551020408163

0.30612244897959184

0.6122448979591837

0.6122448979591837

0.4489795918367347

1.0

1.0

4.0

5.0

7.0

7.0

7.0

3.0

2.0

7.0

3.0

5.0

5.0

1.0

4.0

5.0

5.0

0.10340621963070942

0.3684826398091704

0.21543950437317783

0.2856029684601113

0.2102769679300292

0.16318049297641135

0.25527100450569834

0.19473562152133578

0.23289270253555966

0.21189482286421063

0.17155855199222544

0.1355883912006361

0.1074614586094178

0.14933739729658096

0.2621587596077392

0.2547906175457196

0.21440962099125366

1.0

1.0

4.0

5.0

7.0

7.0

7.0

3.0

2.0

7.0

3.0

5.0

5.0

1.0

4.0

5.0

5.0

0.6642261904761905

0.6407467532467532

0.769345238095238

0.5288690476190476

0.6834145021645022

0.5833333333333334

0.5226190476190476

0.6538690476190476

0.6023078529657476

0.7163690476190476

0.5620833333333334

0.5402485994397759

0.48541666666666666

0.3673156060844988

0.45015456458826625

0.49817298558625533

0.830654761904762

1.0

1.0

4.0

5.0

7.0

7.0

7.0

3.0

2.0

7.0

3.0

5.0

5.0

1.0

4.0

5.0

5.0

A1

A2

A3

A4

A5

B1

B2

B3

B4

B5

B6

B7

C1

C2

C3

C4

C5

Lab

Budg

Com

Pay

Log

Doc

WF

MIS

SIM

DSS

EDI

Web

Dir

Arch

Invent

Prop

Oblig

Price

118.24285714285713

222.5

266.57142857142856

485.7142857142857

Time

 Uncertainty

0.4606277056277056

0.46296536796536797

0.31989502164502165

0.32545454545454544

0.343452380952381

0.33316017316017316

0.38487012987012986

0.45438311688311683

0.32604978354978353

0.4153138528138528

0.44244047619047616

0.3691017316017316

0.27713744588744593

0.48783549783549784

0.42819264069264074

0.4161580086580086

0.4775487012987013

 9. Assessment:  

0.6666666666666666

0.16666666666666666

0.6666666666666666

0.8333333333333334

0.8333333333333334

0.8333333333333334

0.6666666666666666

0.6666666666666666

0.0

0.16666666666666666

0.16666666666666666

0.6666666666666666

0.16666666666666666

0.3333333333333333

0.8333333333333334

 10. Magnitude of potential loss 

0.22448979591836735

0.7959183673469388

0.673469387755102

0.8775510204081632

0.6122448979591837

0.4897959183673469

0.6632653061224489

0.42857142857142855

0.7142857142857143

0.5102040816326531

0.3877551020408163

0.3673469387755102

0.3877551020408163

0.30612244897959184

0.6122448979591837

0.6122448979591837

0.4489795918367347

  Risk

0.10340621963070942

0.3684826398091704

0.21543950437317783

0.2856029684601113

0.2102769679300292

0.16318049297641135

0.25527100450569834

0.19473562152133578

0.23289270253555966

0.21189482286421063

0.17155855199222544

0.1355883912006361

0.1074614586094178

0.14933739729658096

0.2621587596077392

0.2547906175457196

0.21440962099125366

Specificity

0.6642261904761905

0.6407467532467532

0.769345238095238

0.5288690476190476

0.6834145021645022

0.5833333333333334

0.5226190476190476

0.6538690476190476

0.6023078529657476

0.7163690476190476

0.5620833333333334

0.5402485994397759

0.48541666666666666

0.3673156060844988

0.45015456458826625

0.49817298558625533

0.830654761904762

Milestone number

MSn/SW Price

0.011111111111111112

0.01

0.03636363636363636

0.009009009009009009

0.01206896551724138

0.09859154929577464

0.07608695652173914

0.031578947368421054

0.015267175572519083

0.043478260869565216

0.01293103448275862

0.017241379310344827

0.13227513227513227

0.00845717047239338

0.017977528089887642

0.018756698821007504

0.010294117647058823


_991723384.xls
Sheet: תרשים1

Sheet: תרשים2

Sheet: תרשים3

Sheet: תרשים4

Sheet: תרשים5

Sheet: תרשים6

Sheet: תרשים8

Sheet: תרשים7

Sheet: A

Sheet: גיליון7

Sheet: גיליון8

Sheet: גיליון9

Sheet: גיליון10

Sheet: גיליון11

Sheet: גיליון12

Sheet: גיליון13

Sheet: גיליון14

Sheet: גיליון15

Sheet: גיליון16

90.0

100.0

110.0

555.0

580.0

71.0

92.0

95.0

131.0

161.0

232.0

290.0

37.8

118.24285714285713

222.5

266.57142857142856

485.7142857142857

1.0

1.0

4.0

5.0

7.0

7.0

7.0

3.0

2.0

7.0

3.0

5.0

5.0

1.0

4.0

5.0

5.0

4.0

6.0

14.0

9.0

21.0

4.0

6.0

5.0

4.0

22.0

6.0

6.0

6.0

6.0

15.0

12.0

24.0

1.0

1.0

4.0

5.0

7.0

7.0

7.0

3.0

2.0

7.0

3.0

5.0

5.0

1.0

4.0

5.0

5.0

0.4606277056277056

0.46296536796536797

0.31989502164502165

0.32545454545454544

0.343452380952381

0.33316017316017316

0.38487012987012986

0.45438311688311683

0.32604978354978353

0.4153138528138528

0.44244047619047616

0.3691017316017316

0.27713744588744593

0.48783549783549784

0.42819264069264074

0.4161580086580086

0.4775487012987013

1.0

1.0

4.0

5.0

7.0

7.0

7.0

3.0

2.0

7.0

3.0

5.0

5.0

1.0

4.0

5.0

5.0

0.0

1.0

0.6666666666666666

0.16666666666666666

0.6666666666666666

0.8333333333333334

0.8333333333333334

0.8333333333333334

0.6666666666666666

0.6666666666666666

0.0

0.16666666666666666

0.16666666666666666

0.6666666666666666

0.16666666666666666

0.3333333333333333

0.8333333333333334

1.0

1.0

4.0

5.0

7.0

7.0

7.0

3.0

2.0

7.0

3.0

5.0

5.0

1.0

4.0

5.0

5.0

0.22448979591836735

0.7959183673469388

0.673469387755102

0.8775510204081632

0.6122448979591837

0.4897959183673469

0.6632653061224489

0.42857142857142855

0.7142857142857143

0.5102040816326531

0.3877551020408163

0.3673469387755102

0.3877551020408163

0.30612244897959184

0.6122448979591837

0.6122448979591837

0.4489795918367347

1.0

1.0

4.0

5.0

7.0

7.0

7.0

3.0

2.0

7.0

3.0

5.0

5.0

1.0

4.0

5.0

5.0

0.10340621963070942

0.3684826398091704

0.21543950437317783

0.2856029684601113

0.2102769679300292

0.16318049297641135

0.25527100450569834

0.19473562152133578

0.23289270253555966

0.21189482286421063

0.17155855199222544

0.1355883912006361

0.1074614586094178

0.14933739729658096

0.2621587596077392

0.2547906175457196

0.21440962099125366

1.0

1.0

4.0

5.0

7.0

7.0

7.0

3.0

2.0

7.0

3.0

5.0

5.0

1.0

4.0

5.0

5.0

0.6642261904761905

0.6407467532467532

0.769345238095238

0.5288690476190476

0.6834145021645022

0.5833333333333334

0.5226190476190476

0.6538690476190476

0.6023078529657476

0.7163690476190476

0.5620833333333334

0.5402485994397759

0.48541666666666666

0.3673156060844988

0.45015456458826625

0.49817298558625533

0.830654761904762

1.0

1.0

4.0

5.0

7.0

7.0

7.0

3.0

2.0

7.0

3.0

5.0

5.0

1.0

4.0

5.0

5.0

0.10340621963070942

0.3684826398091704

0.21543950437317783

0.2856029684601113

0.2102769679300292

0.25527100450569834

0.19473562152133578

0.23289270253555966

0.21189482286421063

0.17155855199222544

0.1355883912006361

0.1074614586094178

0.2621587596077392

0.21440962099125366

1.0

1.0

4.0

5.0

7.0

7.0

3.0

2.0

7.0

3.0

5.0

5.0

4.0

5.0

A1

A2

A3

A4

A5

B1

B2

B3

B4

B5

B6

B7

C1

C2

C3

C4

C5

Lab

Budg

Com

Pay

Log

Doc

WF

MIS

SIM

DSS

EDI

Web

Dir

Arch

Invent

Prop

Oblig

Price
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222.5
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Time
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 10. Magnitude of potential loss 
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Milestone number

MSn/SW Price
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