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Abstract 

An increasing number of organizations‟ competitive survival depends on delivering high-quality projects 

on time and on budget.  Yet in many industries failed on-time and on-budget delivery rates remain 

persistently high.  We examine one potential source of this problem – mis-estimation of group project 

completion times due to increasing team size – a phenomenon we term group work planning fallacy.  

Using data from two laboratory-based, experimental studies and archival data from projects executed at a 

large software company, we find that the tendency toward under-estimation of project completion time 

increases with the size of the team completing a project, controlling for project complexity.  Additionally, 

we find that errant estimators are more focused on the efficiency gains that come from increasing team 

size than the efficiency losses that result from integrating large teams‟ projects, consistent with the notion 

of coordination neglect.  We discuss implications for decision making and project management.     

 

Key Words: Estimation, Decision Bias, Coordination Neglect, Project Management, Group work 

planning fallacy 

  

1. Introduction 

Across a wide range of industries and functions, from consulting to healthcare and software 

services to new product development, work is increasingly delivered to customers in the form of discrete 

projects (Edmondson and Nembhard 2009).  In project-based organizations, the key to competitive 

success is often accurately estimating and adhering to budgets and/or deadlines.  Despite the importance 

of meeting deadlines and correctly estimating costs, statistics from industry do not present an encouraging 

picture.  For example, a recent study of software projects found that 62% of projects are delivered late and 

49% are delivered over budget (TCS 2007).  These high rates of failure are often attributed to a particular 

bias – the planning fallacy – that occurs when individuals underestimate their own required effort to 

complete a project even with the knowledge that similar projects have involved greater effort in the past 

(Kahneman and Tversky 1979; Buehler, Griffin and Ross 2002).   

As Buehler et al. (2002) note, “the signature of the planning fallacy is the coincidence of an 

optimistic specific prediction with a more realistic general theory about past experiences and even other 

people‟s experiences (p. 252).”  The bias is said to arise from the human tendency to focus on specific 

scenarios involving success using details of the case at hand without adequate attention to relevant base 

rates of performance on similar projects in the past (Kahneman and Lovallo 1993).  When individuals 

estimate their own task completion times, they tend to consider overly optimistic scenarios that fail to 
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account for possible negative outcomes and thus results in biased estimates (Buehler, Griffin & Ross, 

1994). This bias is exacerbated when groups make collaborative predictions, due to an increased tendency 

of groups to focus on scenarios involving success (Buehler, Messervey & Griffin, 2005).  It can be 

mitigated or expunged if individuals are induced to “unpack” their estimates into a set of subtasks (i.e., 

break down the tasks into more detail; Kruger and Evans 2004), or if they are asked to bear in mind past 

experiences with similar projects (Buehler, Griffin and Ross 1994; MacDonald and Ross 1999; Epley and 

Dunning 2000).   

Given the importance of estimation in project management, it is perhaps not surprising that many 

companies require project managers to unpack project specifications before estimating their costs and/or 

completion times (PMI 2008).  Despite this practice, and despite repeated experiences of forecasters with 

similar projects, the on-time delivery failure rates cited above suggest that other estimation biases remain.  

In this paper we study whether or not estimators remain biased in part due to a previously untested 

phenomenon we term group work planning fallacy.  Group work planning fallacy refers to the 

hypothesized tendency for individuals‟ estimates of group project completion times to grow increasingly 

inaccurate with increasing team size.  We test and confirm that group work planning fallacy plagues 

estimators both in the laboratory and the field. 

This study is motivated by past theorizing about the impact of coordination neglect on estimation 

(Heath and Staudenmayer, 2000).  Coordination neglect refers to a hypothesized struggle individuals face 

when attempting to effectively structure and coordinate group work.  In particular, while individuals may 

efficiently divide work between team members, it has been argued that they may fail to allocate sufficient 

time and resources to the integration of their work (Lawrence and Lorsch 1967; Thompson 1967; Brooks 

1975; March and Simon 1993).  Coordination neglect is hypothesized to create difficulties in the 

execution of group projects and lead to overly optimistic estimates of project completion times.  If 

estimators attend to the gains from dividing project components between different workers without 

devoting adequate attention to the time that will be required for integrating that work, the coordination 

neglect hypothesis predicts that they will systematically underestimate project completion times (Heath 
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and Staudenmayer 2000).  Although theories about coordination neglect have been widely discussed in 

the academic literature, we are aware of no published empirical tests of the theory and its implications. 

One implication of the coordination neglect hypothesis concerns the effect of varying team size 

on estimates of the total amount of effort (in person-hours) that will be required to complete a project.  As 

team size increases, the opportunity for division of labor increases, but so does the complexity of 

integrating completed work.  Thus, if individuals focus primarily on gains from dividing labor, their 

estimates of the amount of effort that will be required to complete a project will be increasingly overly 

optimistic as team size increases.  We study this phenomenon by examining errors in estimation of total 

effort rather than missed deadlines, because if a project is running behind schedule then individuals could 

be induced to work overtime, thus meeting their calendar deadline while exceeding their effort budget 

(similarly, individuals could work fewer hours per day on a project if they were ahead of schedule).    

Understanding the implications of team size for estimating the effort that will be required to 

complete a project grows increasingly important as a larger share of projects are completed by fluid teams 

formed solely for the purpose of executing a given task (Edmondson and Nembhard 2009; Huckman, 

Staats, and Upton 2009).  In many settings, from construction to consulting and product development to 

software services, fluid teams are assembled to complete individual projects, and they are populated based 

on the unique needs of a given project (Huckman and Staats 2010).  Often, team size is not an explicit 

focus of those estimating how much effort (typically in billable hours) a newly formed team will require 

to complete a project but our findings suggest that perhaps it should be, as team size matters more than 

estimators realize.  In order to examine group work planning fallacy, we investigate the effect of 

increasing team size on the accuracy of project completion time estimates using both laboratory 

experiments and a field study. This investigation contributes to behavioral decision theory by identifying 

a new bias that can lead to project mis-estimation, documenting the impact of this bias in the field, and 

providing laboratory evidence that this bias can be attributed at least in part to coordination neglect.  This 

work also contributes to an emerging literature on behavioral operations management (Bendoly, Donohue 

and Schultz 2006; Gino and Pisano 2008) by investigating an important behavioral bias with implications 
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for project managers. 

2. Background and Hypotheses 

Group work planning fallacy may result in biased forecasts due to inadequate lay theories of 

organizing.  In particular, researchers have conjectured that individuals tend to exhibit coordination 

neglect, or an under-appreciation of the effort required to coordinate and integrate the activities of team 

members. They tend to focus instead on the benefits from division of labor and specialization.  Heath and 

Staudenmayer (2000) conceptualize coordination neglect as emanating from three sources: (1) the 

tendency to focus on partitioning a project into components more than on integrating those components; 

(2) the tendency to focus attention on specializing isolated components without adequate attention to how 

they interface with other components; and (3) the tendency to under-appreciate the need for ongoing 

communication with other team members who are specializing on other project components (cf. Sosa, 

Eppinger and Rowles 2004; Gokpinar, Hopp and Iravani 2010).   

The classic example of the influence partition focus exerts on project management is discussed in 

Frederick Brooks‟ (1975) book: The Mythical-Man Month.  Brooks was the project manager for IBM‟s 

System/360 project, the largest software project ever completed at its time (McCraw 1998).  In his book, 

Brooks notes the inherent flaw in the most commonly used unit of effort at the time, the man-month, 

commenting that, “men and months are interchangeable commodities only when a task can be partitioned 

among many workers with no communication among them” (Brooks 1975: 16; cited in Heath and 

Staudenmayer: 163).  The basic problem of integration that Brooks identifies in teams is one that is 

exacerbated as team size is increased (Steiner 1972).  Namely, as team size grows and work is spread out 

across more individuals, the number of communication linkages across a team increases (Hoedemaker et 

al. 1999).  Assuming that work is not perfectly modular and that some coordination is required between 

individuals (von Hippel 1990; Ulrich 1995; Baldwin and Clark 2000), then as team size grows so too does 

coordination loss.   

Our focus in this paper is not on examining whether team performance improves or worsens as 
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team size grows.  Rather, we are concerned with whether estimators neglect to accurately estimate the 

effect of team size on project completion speed, or in other words, whether estimators exhibit group work 

planning fallacy.  Therefore, we examine two testable hypotheses regarding the accuracy of estimators‟ 

forecasts about the number of person-hours teams will require to complete projects as a function of team 

size.  Group work planning fallacy posits that estimators will not be sufficiently sensitive to the effect of 

team size on project completion times.  We formalize this hypothesis as follows: 

HYPOTHESIS 1:   Actual effort required to complete a project will exceed estimated effort 

by a greater amount for larger teams. 

 

We also predict that this bias will be at least partially driven by coordination neglect, the tendency to 

focus more on process gains that increase with team size (i.e., division of labor and specialization) than 

process losses (i.e., the need to coordinate efforts).  Therefore our second hypothesis is: 

HYPOTHESIS 2:   The more weight estimators place on coordination gains and the less 

weight they place on coordination losses when making effort estimates, 

the more they will underestimate the impact of team size on the effort 

required to complete a project. 

 

 It is important to note that if a team project does not require coordination (i.e., there is no 

interaction required between individuals) then coordination neglect is unlikely to be a driver of group 

work planning fallacy and thus its consequences will not be observed.  Coordination costs vary across 

team projects depending on task and team interdependence.  In this paper, we examine projects that 

involve significant coordination costs and we control for task complexity. We propose that most 

teamwork involves some coordination, but we leave it to future research to examine the sensitivity of our 

findings to team interdependence. 

The remainder of this paper is devoted to empirical tests of our hypotheses that rely on two 

complementary methods.  In Section 3, we report the results of a laboratory study demonstrating group 

work planning fallacy.  This study shows that individuals underestimate how much the number of person-

minutes required to complete a team project increases with the number of team members. In Section 4, we 

report the results of a second laboratory study in which we replicate this finding and show that it is 

associated with estimators‟ tendency to focus more on process gains relative to process losses as group 
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size increases.  Finally, in Section 5, we demonstrate the presence of group work planning fallacy in a 

field study of project effort forecasts at a large, international software company.  

3. Study 1: Do Forecasters Exhibit Group Work Planning Fallacy? 
 

In our first experiment, teams of varying size completed a project that was manifestly divisible 

among team members but required the integration of all work into a single, final product. Estimation was 

undertaken by individuals who were not a part of a team completing the group project.  These estimators 

were familiar with the population of workers who would staff team projects but not with specific team 

members.  This task was designed to model the way in which team projects are structured and forecasts 

are generated in many major industries (e.g., software design, consulting, etc.).  

3.1 Team Exercise Participants 

Two hundred and sixty-seven executive MBA students at UCLA took part in the team exercise as 

part of a required class in organizational behavior.  Participants were randomly assigned to either a two-

person team (34 teams) or a four-person team (33 teams) and asked to complete a group construction 

project.   

3.2 Team Exercise Procedure 

The team exercise involved the assembly of fifty Lego pieces into a human figure (or “Lego 

Person”).  Prior to the start of class the instructor briefly presented an image of the Lego Person on the 

classroom screen and then placed a single model of the Lego Person at the front of the room.  Students 

were told: “Your task is to assemble these pieces exactly like the model in the front of the room.”  After 

completing a short survey, students were told the members of teams to which they were randomly 

assigned and provided with instructions (see Appendix A) and Lego sets.  Teams were then given up to 

30 minutes to plan how they would assemble their Legos before they began the assembly phase of the 

project.  During the planning period group members could observe (one-at-a-time) the Lego Person model 

at the front of the room, but after the planning period they were no longer allowed to observe the model.  

Once teams decided they were ready to enter the assembly period (or once their 30 minutes for planning 
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expired), they began a timed assembly process.  When a team finished its work, the work‟s quality was 

checked against the desired output.  In cases where the work did not precisely match the Lego Person 

model, one member of the team was granted an opportunity to view the model again, and the team was 

given an opportunity to correct any defects (with the timer running).  When the output matched the 

model, the time for completion was recorded.  Due to constraints of class length, the exercise ended after 

thirty minutes, and any teams that had not yet finished the project were assigned this as their completion 

time.
1
  

3.3 Estimation Participants 

One hundred and seventy-eight undergraduate students were recruited through campus 

advertisements at the University of Pennsylvania to complete an estimation exercise.  These students were 

paid $10 for completing a series of surveys over the course of an hour and received additional bonus pay 

for accuracy on this task that ranged from $0 to $2. 

3.4 Estimation Procedure 

Participants in this study were a group of evaluators who worked entirely independently (indeed, 

on a different University campus) from teams assembling Legos.  Evaluators were shown the same 

instruction sheet and picture of the assembled Lego Person model as those who were involved in the 

actual assembly process (see Appendix A).  Estimators were informed that executive MBA students at 

UCLA would be completing this Lego construction project.  They were then asked the following question 

about a team composed of either two or four students (with random assignment to questions about team 

size 2 or team size 4): 

“Assume that teams „billed‟ for their time (per minute) spent on the project per group member.  

So, a group of 3 that spent 10 minutes on the project billed for 30 person-minutes.  Please forecast 

the average total number of person-minutes that it took a group of 2/[4] people in UCLA‟s 

executive MBA program to complete the assembly of the Lego Person.” 

                                                 
1
 While the imposition of this cutoff is not optimal, Study 2 demonstrates that the findings presented herein hold 

when this constraint is removed.   
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Estimators were informed that they would be paid for their estimate accuracy.  Specifically, they were 

provided with the following description of their incentive pay: 

“If your estimate of the average number of person-minutes billed by a 2/[4] person team at UCLA 

is exactly right, you will receive $2.00 in bonus pay.  For every minute separating your estimate 

from the correct number, your $2.00 bonus will be reduced by $0.05.  So, for example, if your 

estimate is off by 10 minutes, your bonus pay will be $1.50.” 

3.5 Results and Discussion   

Summary statistics describing actual and estimated project completion time are provided in Table 

1.  Inspecting the first column we see that, on average, four-person teams required more person-minutes 

to complete the project than two-person teams (µ4,effort=52.64 person-minutes vs. µ2,effort =36.33 person-

minutes, t(46.5) = 2.153, p=0.018, one-tailed).  Inspecting the second column, we see that, on average, the 

estimates of required person-minutes to complete the project were also larger for teams of size four than 

teams of size two (µ4,estimate=30.07 person-minutes vs. µ2,estimate=22.93 person-minutes, t(136.7) = 2.994, 

p=0.002, one-tailed).   

To examine whether participants exhibit group work planning fallacy and make larger errors in 

their estimates of the number of person-minutes that will be required to construct a Lego Person as team 

size increases, we created a variable designed to capture each estimator‟s degree of over-optimism.   We 

calculate the average of the actual effort by UCLA students in a condition (either for a team of size two or 

a team of size four) minus a University of Pennsylvania study participant‟s estimated effort in that 

condition (Column 3 of Table 1).  The larger this quantity, the more over-optimism a given estimator 

exhibited.  We find that optimistic errors in person-minute estimates are significantly greater for larger (4-

person) teams than they are for smaller (2-person) teams (µ4,over-optimism=22.16 person-minutes and µ2,over-

optimism=13.02 person-minutes, t(128.8) = 1.750, p=0.041, one-tailed), consistent with Hypothesis 1.   

Thus, although estimators recognized that larger teams would expend more total effort to complete the 

Lego assembly project, they exhibited group work planning fallacy, or insufficient sensitivity to the 
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impact of team size on the total amount of effort that a project would require.  

********************************Insert Table 1 about here ******************************* 

 Study 1 confirms our first hypothesis in a controlled laboratory environment with random 

assignment of team size when external estimators are paid for performance using a between-subject 

estimation design.  We now turn to a replication using a slightly different task and procedure that also 

allows a test of our second hypothesis. 

4. Study 2:  Does Focusing on Coordination Gains vs. Losses Affect Group 

Work Planning Fallacy? 
 

In Study 2 we attempt to replicate the group work planning fallacy finding from Study 1 using a 

similar construction project, this time while eliciting estimators‟ intuitions concerning the coordination 

gains and losses associated with increasing team size.  Study 2 thus allows us to test our second 

hypothesis concerning coordination neglect as a possible mechanism driving the group work planning 

fallacy phenomenon documented in Study 1.  Unlike the “Lego Person” exercise in Study 1, the 

construction task in this study was neither manifestly decomposable nor designed with hidden 

coordination challenges.  Also unlike the previous study, we rely on within-subject estimation 

(participants estimate the person-minutes required to complete a project by teams of size two and four 

rather than a single team size) to confirm that our findings hold both in joint and separate estimation.  

This allows for a more conservative test of our hypothesis, as past studies have found that attributes that 

are difficult to evaluate (in this case, the impact of team size on effort required) receive greater weight 

when options are evaluated simultaneously (Hsee, Loewenstein, Blount & Bazerman, 1999).  Moreover, 

joint evaluations tend to be more cognitive and less instinctive than separate evaluations, leading to less 

biased estimates (see Milkman, Rogers and Bazerman, 2008, for a review). Finally, in this study we elicit 

project completion time estimates not only from outsiders but also from members of project teams to 

examine whether participants in a project are also susceptible to group work planning fallacy. 

4.1 Team Exercise Participants 

Eighty students at the University of North Carolina at Chapel Hill (UNC) took part in a team 
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exercise as part of an MBA elective class.  Participants were randomly assigned to either a two-person 

team (12 teams) or a four-person team (14 teams).     

4.2 Team Exercise Procedure 

The team exercise entailed assembly of a 188 piece Lego set (Smash „n Grab, Lego Item #5982).  

At the start of the exercise students were provided with an instruction sheet (see Appendix B) that 

included a picture of the fully assembled Lego set, and they were told “the objective is to assemble the 

Lego pieces as quickly and accurately as possible.”  The students first completed a short survey in which 

they estimated the total effort that would be required for teams of size two and four to complete the 

construction project (order of presentation was counterbalanced), responding to the same estimation 

question as in Study 2 (see section 3.4). After the survey, students were told the members of the teams to 

which they had been randomly assigned, and they were permitted to meet with their teams.  They were 

thus unaware of their team‟s composition or size when completing the estimation task.  Teams were then 

provided with a Lego set and asked to begin their assembly project.  Their assembly speed was timed, and 

when a team finished its work, the result was checked against the desired output.  In cases where the work 

did not precisely match the picture on the Lego box, the team was given an opportunity to correct any 

defects (with the timer running).  When the output matched the picture, the time for completion was 

recorded.  Sufficient time was provided for all groups to successfully complete the exercise.   

4.3 Estimation Participants 

Two hundred and thirty-one undergraduate students were recruited through campus 

advertisements at the University of Pennsylvania to complete this estimation exercise.  These students 

were paid $10 for completing a series of surveys over the course of an hour. 

4.4 Estimation Procedure 

Participants in this sample were a group of evaluators who worked entirely independently (on a 

different University campus) from the teams assembling Legos. Estimators were shown the same 

instruction sheet and picture of the assembled Lego set as those who were involved in the actual assembly 

process (see Appendix B).  Estimators were informed that MBA students at UNC would be completing 
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this Lego-building project.  They were then asked the following question about either a group of size two 

or size four (with random assignment): 

“Assume that teams will bill for their time per minute spent on the project per group member.  So, 

a group of 3 that spent 10 minutes on the project would bill for 30 person-minutes.  Please 

forecast the average total number of person-minutes that it will take a group of 2/[4] people to 

complete the assembly of the Lego structure.” 

After responding to the above question, estimators were asked the question again for a group of 

whichever size they had not yet considered (the order of presentation was counterbalanced).  Finally, 

participants were asked to rate, on a scale from 1 to 7, “how important each of the following 

considerations were to your estimates of how long teams with 2 members would take to assemble a Lego 

structure vs. teams with 4 members. 

a) Gains in assembly in speed due to the presence of additional team members among whom tasks 

could be subdivided. 

b) Losses in assembly speed due to the presence of additional team members whose tasks must be 

coordinated.” 

4.5 Results and Discussion 

Summary statistics describing actual and estimated project completion time are provided in Table 

2.  Examining Column 1 we see that, on average, four-person teams exerted more total effort to complete 

the project than two-person teams (µ4,effort = 111.50 person-minutes vs. µ2,effort = 72.39 person-minutes, t 

(23.9) = 4.039, p<0.001, one-tailed).   

4.5.1 Accuracy of External Estimators 

For external estimators at the University of Pennsylvania, we see that, on average, estimates of 

required person-minutes to complete the project do not differ significantly for teams of size four versus 

teams of size two (µ4,estimate = 39.44 person minutes vs. µ2,estimate = 40.67 person-minutes, t(456) = 0.251, p 

= 0.401, one-tailed).  More to the point, we again find that the degree of estimator over-optimism 
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(measured by subtracting estimated effort from actual effort for each estimate) is significantly greater for 

larger (4-person) teams than for smaller (2-person) teams (µ4,over-optimism = 72.06 person-minutes and µ2,over-

optimism = 31.65 person-minutes, t(456) = 7.451, p < 0.001, one-tailed). This is evidence of group work 

planning fallacy (Hypothesis 1) in a joint evaluation context.   

Thus far we have identified group work planning fallacy by examining the difference between the 

average actual effort for a given team size and estimated effort.  However, using within-subject data, it is 

also possible to test for this bias by examining the accuracy of the ratio of an estimator‟s 4-person team 

effort estimate to her 2-person team effort estimate.   The actual average number of person-minutes 

required for a four-person team to complete the Lego project (111.50 person-minutes) divided by person-

minutes required for a two-person team (72.39 person-minutes) is equal to 1.54.  That is, four-person 

teams required 54% more person-minutes than two-person teams to complete the construction project.  

We compute such a ratio for each individual external estimator using the same approach and then 

compare estimated ratios to the actual ratio of 1.54.  If estimators are under-sensitive to the effect of team 

size on project completion time, then we would expect the majority of estimated ratios to be less than 

1.54.  Indeed, 86% of external estimators provided estimates with ratios below 1.54 (p<0.001, sign test), 

providing additional support for the existence of group work planning fallacy. 

4.5.2 Accuracy of Internal Estimators 

We next turn to an analysis of the effort estimates of participants at UNC who actually completed 

the Lego construction project (internal estimators).  For this group, we see that average estimates of 

required person-minutes to complete the project for four-person teams were significantly greater than 

those for two-person teams (µ4,estimate = 42.83 person-minutes vs. µ2,estimate = 34.07 person-minutes, t(154) 

= 2.325, p = 0.011, one-tailed).   

To examine whether participants exhibit group work planning fallacy, we again create a measure 

of over-optimism by examining the average actual effort in a condition (team size of two or four) minus 

an individual‟s estimated effort in that condition.  We again see that errors in effort estimates are 
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significantly greater for larger (4-person) teams than for smaller (2-person) teams (µ4,over-optimism = 68.66 

person-minutes and µ2,over-optimism = 38.32 person-minutes, t(154) = 5.556, p < 0.001, one-tailed).  This 

demonstrates that Hypothesis 1 holds not only when individuals make forecasts about tasks others will 

engage in but also when they make forecasts about tasks they themselves will engage in.   

********************************Insert Table 2 about here ******************************* 

Further evidence of group work planning fallacy in this group can be found by examining effort 

estimate ratios for 4-person teams vs. 2-person teams. Specifically, 74% percent of these subjects 

provided estimates such that the ratio their 4-person team effort estimate to their 2-person team effort 

estimate was below the true ratio of 1.54 (p<0.001, sign test).   

4.5.3  Weighting of Coordination Gains and Losses and Forecasting Accuracy 

Finally, we examine how University of Pennsylvania external estimators weighted the role of 

coordination gains and losses when generating their effort estimates for teams of varying sizes.  

Consistent with the notion of coordination neglect, estimators reported that they considered coordination 

gains to be significantly more important on a 7-point Likert scale to their estimates of total project 

completion time than coordination losses (µgain=4.89 vs. µloss=4.55, t(456) = 2.274, p = 0.012, one-tailed).  

Interestingly, these estimates were negatively correlated (Pearson r = -0.23, p<0.001). 

Hypothesis 2 predicts that when estimators focus more on the coordination gains and less on the 

coordination losses that result from increases in team size, they will exhibit a greater degree of group 

work planning fallacy.  To test this hypothesis, we construct a variable equal to the ratio of actual mean 

person-minutes required to complete the project for 4-to-2-person teams (1.54), minus an individual‟s 

estimate of this ratio.  This provides a measure of how optimistically miscalibrated a given individual‟s 

implicit estimate is of this team size scale factor. Table 3 reports the results of an OLS regression of this 

“error” variable on estimators‟ ratings on a 7-point Likert scale of the importance of coordination gain 

and loss to their relative effort estimates.  Consistent with Hypothesis 2, we see a positive and significant 

relationship between consideration of coordination gains and the dependent variable and a negative and 
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significant relationship between consideration of coordination losses and the dependent variable.  Thus, 

an increase in an individual‟s report of the importance of coordination gains to her effort estimates is 

associated with an increase in her degree of group work planning fallacy.  However, an increase in an 

individual‟s report of the importance of coordination losses to her effort estimates is associated with a 

decrease in her degree of group work planning fallacy.   Interestingly, participants were less sensitive (in 

absolute terms) to coordination loss importance than coordination gain importance when estimating 

effort, though this difference failed to reach statistical significance (p = .14, one-tailed). 

********************************Insert Table 3 about here ******************************* 

4.5.4  Discussion 

Study 2 replicates the finding that estimators under-estimate the increase in effort required to 

complete a team project as team size increases, providing additional empirical evidence of group work 

planning fallacy (Hypothesis 1).  Further, Study 2 shows that these results persist in a within-subject 

estimation context (joint evaluation) as well as when estimators are members of teams completing the 

projects for which required effort is being estimated (internal estimation).  Additionally, the survey data 

collected in Study 2 provide support for Hypothesis 2: group work planning fallacy is positively related to 

heightened attention to the process gains and lessened attention to the process losses associated with 

increasing team size.   

5. Study 3: Field Evidence of Group Work Planning Fallacy 

Study 3 builds on the results of Study 1 and Study 2 by investigating whether group work 

planning fallacy impacts estimators in field settings.  Specifically, we examine whether project managers 

at a large international company are more likely to underestimate the effort required to complete a project 

as team size grows.  By examining group work planning fallacy in the field we can determine whether 

this phenomenon persists in an environment in which predictors have considerable experience and receive 

frequent feedback on their forecasts, and in which forecasting errors can have substantial financial 

consequences to the firm and professional consequences to the predictor. 



Group work planning fallacy                                                                                                  

 - 15 - 

5.1 Data 

Our data set includes observations of three years of software development projects completed for 

clients by a large software services company, SoftCo (a pseudonym).  SoftCo develops customized 

software for its many, global customers.  While SoftCo also executes other types of projects such as 

software maintenance and testing, we examine only software development projects for which 

performance and control variables are reported that permit comparison across projects.  SoftCo has a 

structured set of procedures and information technology systems for collecting data on project 

characteristics, team member experience, and project performance.  We combine these data to create our 

sample for analysis.   

Many software projects track a development team‟s produced “kilolines of code” (KLOC). 

KLOC quantifies the number of lines of code that are written by a team‟s software engineers, and it is 

commonly used as a control variable for scale and complexity in the software engineering literature 

(Boehm 1981; MacCormack, Verganti and Iansiti 2001).  In our data set of 1,137 projects, we remove all 

projects that do not track KLOC (N=468) because without this measure it is impossible to quantify (and 

thus control for) a given project‟s complexity.  Some of these excluded projects do not include a coding 

component, which is the reason that KLOC is not reported (e.g., if a project only involves software 

testing).  Other excluded projects are missing KLOC because they use customer- or technology-specific 

performance metrics.  We additionally remove projects with missing data (N=20) and those that were the 

only project executed for a given customer (N=51) so that we can control for time invariant effects of 

customers in our analyses.  This leaves us with a final sample of 594 software development projects 

completed by SoftCo for 93 different customers between 2004 and 2006.   

Estimation of project completion time at SoftCo takes place before a project starts and is carried 

out by sales and pre-sales professionals (i.e., not by the execution team).  An estimate consists of the total 

number of employee-hours that SoftCo expects a project to require for completion.  Estimates are 

typically created using the project management best practice of a “work breakdown structure” (WBS).  In 
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a WBS the work in a project is concretely broken down into the smallest practical pieces (PMI 2008).  

The time to complete these pieces is then estimated based on prior projects at SoftCo.  After the 

estimation process is finalized and estimates are approved by the customer, the execution team is staffed 

for the project.  During the course of a project, the person-hour estimate may be changed.  Estimates are 

changed primarily because the customer changes the scope of the project (e.g., adding or removing 

requirements).  In order to revise estimates, SoftCo requires both customer and internal approvals to make 

sure that inappropriate gaming is not taking place.  We rely on the final, revised estimates in our analyses 

since these most accurately encompass the final objectives of a project.
2
 

In our analyses we are interested in the relationship between team size and three separate 

dependent variables.  First, controlling for other project and team characteristics, we examine the 

relationship between team size and estimated employee-hours to complete a project. Given past research 

suggesting that coordination costs should increase with team size, we expect that controlling for project 

and team characteristics, estimated employee hours for project completion should increase with team size.  

Second, controlling for other project and team characteristics and estimated effort, we examine the 

relationship between team size and actual effort.  We use a log transform of both actual and estimated 

effort to control for the fact that software development has been shown to exhibit scale effects (Banker 

and Kemerer 1989).  Given the coordination complexity that additional team members create (Steiner 

1972) and our hypothesis that estimators will tend to under-appreciate this complexity, we expect this 

relationship to also be positive.   

Finally, to test for group work planning fallacy, we examine estimate quality, analyzing the 

difference between estimated employee hours for project completion and actual hours for project 

completion (see Table 6).  To do this we construct a continuous variable, % effort over-optimism, by 

subtracting the expected effort from the actual effort and then dividing by the estimated effort.  In other 

words, % effort over-optimism captures the percentage difference between anticipated employee hours 

                                                 
2
 As a robustness check we repeated all of our analyses using the original estimates, and all reported results for team 

size remain qualitatively unchanged with this alternative outcome variable. 
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required to complete a project and actual employee hours required to complete that project.  We rely on 

this outcome variable to examine overoptimistic estimates in this field study, which differs from the 

outcome examined in our experimental studies, because of differences in the settings and data collected.  

In this field study, we normalize our performance measure because we are comparing projects that 

involve different types of work.  For this reason, we also include a number of project characteristics as 

control variables in our regression analyses of this field data.  However, in the case of our laboratory 

experiments, the project undertaken was identical for every team, so it is appropriate to examine absolute 

differences in the actual versus estimated number of person-hours required for completing a project.  

Given our expectation that estimators will exhibit group work planning fallacy, our prediction is that team 

size at SoftCo will have a positive association with % effort over-optimism (i.e., holding all other factors 

constant, larger teams will be associated with a greater tendency to underestimate required effort).  

To measure team size in our analyses we count the total number of individuals ever involved in a 

project.  We run all of our analyses in two ways:  once including team size as a predictor and once 

including the log transform of this variable as a predictor to account for the possibility of a non-linear 

relationship.  Ideally, we would have preferred data on the team size that is expected when SoftCo 

originally bids on a project, but this information is not tracked at SoftCo.  Projects at SoftCo follow 

various staffing patterns depending on their objectives (e.g., staffing everyone at once vs. gradually 

adding individuals).  Looking at the maximum number of individuals ever involved in a project controls 

for these differences.  However, it could overstate a negative effect of team size on % effort over-

optimism since adding people to a project in its latter stages may exacerbate a budget overrun due to the 

added coordination issues (Brooks 1975).  Therefore, we also run robustness checks in which we exclude 

people staffed at late stages of a project from our team size predictor variable.  We count the number of 

team members at the 50
th
 and 80

th
 percentile of each project‟s duration, and using these measures, we 

obtain the same qualitative pattern of results reported below. 

As our data sample includes multiple projects per SoftCo customer, we wish to control for any 

time-invariant effects of customers.  We run a Hausman test, and it fails to reject the null hypothesis that a 
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random-effects model is consistent.  Therefore, for all three outcome variables we use a generalized least 

squares (GLS) random-effects regression model to fit our data with robust standard errors clustered at the 

customer level. All reported results are robust to replacing our customer random effects models with 

customer fixed effects models.   

Our data set includes a number of variables that describe both project characteristics and team 

human capital characteristics, all of which we include as controls in our regression models.  These control 

variables are described in Table 4, and Table 5 provides summary statistics for each variable included in 

our analyses. 

*****************************Insert Table 4 about here***************************** 

*****************************Insert Table 5 about here***************************** 

 

The median software development project at SoftCo in our data set involved a team of 12 people, 

while the smallest project was executed by 2 people and the largest project was executed by 151 people.  

The median project took approximately six months to deliver and included 5,224 hours of effort.  Project 

duration ranged from 27 days to 1,082 days while project effort ranged from 256 to 268,253 hours.  

Across our sample, the median observed % effort over-optimism was -3.8% (i.e., time required was 

slightly overestimated), and this variable ranged from -63.0% to 274.1%.
3
  Figure 1 illustrates the 

relationship between the number of employees on a SoftCo team (with team sizes grouped in bin 

increments of five) and average percentage of projects delivered late.  

5.2 Results 

Table 6 presents the results of the regression analyses described above that examine the 

relationship between team size and estimated person-hours required to complete a project (Models 1 and 

2), actual person-hours required (Models 3 and 4), and % effort over-optimism (Models 5 and 6).  First, in 

Columns 1 and 2 we see that both measures of team size (linear and log) are positively and significantly 

                                                 
3
 Though SoftCo predictions are on average overly pessimistic, this company is among the best performing in their 

industry.  Recall that group work planning fallacy predicts a greater tendency toward effort over-optimism for larger 

teams, but does not predict that all forecasts will be over-optimistic.  
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related to the estimated number of person-hours that will be required to complete the project.  Interpreting 

the coefficient in Column 2, we see that a one standard deviation increase in team size (a 20 person 

increase) is associated with a 38.0% increase in the estimated number of person-hours that will be 

required to complete the project.  Moving to Columns 3 and 4 we examine the actual number of person 

hours expended to complete a project, controlling for the estimated number of person-hours.  Again we 

see that the coefficient on team size is significant in both models.  Interpreting the coefficient in Column 

4, we see that a one standard deviation increase in team size is related to a 4.0% increase in actual effort, 

holding estimated effort constant.  Finally, in Columns 5 and 6 we examine the relationship between team 

size and % effort over-optimism (or optimistic error in effort estimates).  In both cases, the coefficient on 

team size is positive and significant, implying that increasing team size is related to increased effort 

underestimation.   The results presented in Column 6 indicate that a one standard deviation increase in 

team size is related to a 2.5% increase in effort over-optimism. 

********************************Insert Table 6 about here ******************************* 

5.3 Discussion 

The findings from the field study presented above suggest that estimators are under-sensitive to 

the effect of team size on the number of person-hours required to complete a software development 

project. These results are consistent with the findings of laboratory Studies 1 and 2, and provide 

additional evidence of group work planning fallacy (supporting Hypothesis 1). Estimators do scale up 

their estimates of the amount of effort that will be required to complete projects with larger teams; 

however, controlling for the estimated number of person-hours that will be required to complete a project, 

there is a negative relationship between actual person-hours required and team size.  More to the point, % 

effort over-optimism is positively correlated with team size, even after controlling for estimated person-

hours to complete a project.   

Our field data help to illustrate the importance of group work planning fallacy in a naturalistic 

context in which there are ample opportunities for learning and feedback, and substantial economic 
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consequences.  However, we note that we are not able to observe planned team size – only actual team 

size.  While our robustness checks examining alternative measures of team size support our main 

findings, we acknowledge that there could be some underlying, unobserved heterogeneity in teams 

driving our results.  However, such an explanation cannot account for converging results from two 

controlled, laboratory experiments in which we were able to exogenously assign project team size, while 

holding all other characteristics of a group task constant.       

6. General Discussion and Conclusion 

Using field data from a software company and two laboratory studies, we find evidence of group 

work planning fallacy.  Specifically, controlling for project complexity, we find that optimistic errors in 

estimated project completion times increase with the size of the team completing the project.  We find 

that this bias arises among outsiders making estimates about the effort required to complete a project and 

insiders who will actually be completing the project themselves.  This bias persists when estimates about 

teams of varying size are made between- or within-subjects.  Finally, we find that an increase in the 

magnitude of this bias is associated with more focus by estimators on efficiency gains that come from 

increasing team size and less focus by estimators on efficiency losses that result from integrating large 

teams‟ projects.   

The field and laboratory studies presented in this paper have complementary strengths and 

weaknesses.  Our experimental laboratory studies allow us to examine the causal impact of exogenously 

varied team size on estimation error while holding each team‟s task constant.  Our experimental studies 

also allow us to explicitly measure estimators‟ intuitions concerning process gains and losses to gain a 

deeper understanding of the source of group work planning fallacy.  However, they do not allow us to 

establish the external validity of our findings.  Meanwhile, our analysis of field data establishes the 

external validity of our results, but it does not allow us to conclusively establish a causal relationship 

between team size and optimistic estimation error or to examine the mechanism responsible for our 

findings.  Together, the three studies in this paper provide compelling evidence that group work planning 
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fallacy is a meaningful phenomenon associated with a tendency to under-appreciate coordination costs 

and over-appreciate coordination gains.  This combination of laboratory and field data responds to the call 

for more studies establishing not only the internal, but also the external validity of behavioral 

phenomenon in order to increase the policy impact of judgment and decision making research (Cialdini, 

2009). 

The present studies provide the first direct empirical support for a specific implication of the 

coordination neglect hypothesis previously proposed by Heath and Staudenmayer (2000).  In addition, our 

findings provide support for a mechanism proposed by Heath and Staudenmayer: the tendency for 

estimators to overweight process gains relative to process losses.  Thus, even if experienced estimators 

unpack the details of projects to derive their estimates, and even if they give sufficient attention to 

possible ways in which plans may go awry, they may still fail to fully anticipate the effort that will be 

required to integrate partitioned subtasks, and may therefore exhibit group work planning fallacy. 

Our study raises several questions that may be fruitful areas for future research.  One potentially 

intriguing avenue of inquiry would be to examine the impact of increasing project modularity on group 

work planning fallacy.  By dividing up work into modules that only interconnect through well-defined 

interfaces, modularity decreases the global consequences of local changes and thus limits both the number 

of and the need for interconnections between team members (von Hippel 1990; Ulrich 1995; Baldwin and 

Clark 2000).  Thus, modularity may decrease the potential for coordination losses sufficiently to result in 

forecasters underweighting the gains that can be achieved from dividing up labor among collaborators.  

Investigating this hypothesis would be a valuable avenue for future study.   

An issue raised by the identification of any new decision bias is how it can be remedied.  While 

making estimators aware of group work planning fallacy would likely reduce its severity, there are 

additional steps that may prove useful.  One approach might be to develop a routine applying a fixed 

multiplier to initial effort estimates that scales with expected team size as a “cognitive repair” for group 

work planning fallacy (Heath, Larrick and Klayman 1998).  Such an approach could be implemented even 

more formally by making predictions with the aid of regression models (Dawes, 1979).  Likewise, 
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estimators might benefit by taking an “outside view” when estimating completion times, that is, by 

relying on base rates that incorporate the true impact of team size on task completion times (Kahneman & 

Lovallo, 1993).     

Our findings have a number of direct implications for the field of project management.  While 

estimators and project managers are aware of the need for integration of work within teams, our research 

shows that the time required for such integration may be underestimated, especially for larger teams.  This 

problem may be compounded by common tools used in estimation such as the work breakdown structure.  

The work breakdown structure (“WBS”) is a useful tool that helps estimators unpack elements of projects 

that need to be completed in order to accurately estimate the time required for the project. The benefits of 

a WBS are focused around decomposition since, “as the work is decomposed to greater levels of detail, 

the ability to plan, manage, and control the work is enhanced (ibid: 120).”  However, there is a risk that 

the WBS system may give undue attention to the value of dividing work and lead an estimator to think 

too little about the costs of integration and team interaction (e.g., it is telling that the guide for project 

manager certification focuses on decomposition with the WBS, but not integration, PMI 2008). 

Both anecdotal and survey data suggest that organizations often struggle to accurately estimate 

the effort that will be required to complete the projects they undertake.  As more work is delivered to 

customers in the form of projects completed by fluid teams, accurately estimating the costs of executing 

this type of work is of growing importance.  In this paper we present evidence that estimators are 

increasingly overly optimistic about the time it will take to complete a project as team size grows, thus 

exhibiting group work planning fallacy. We also demonstrate that, consistent with past theorizing about 

coordination neglect, this bias is partly due to estimators‟ tendency to focus substantial attention on the 

gains from dividing work in team projects and insufficient attention on the subsequent costs of integrating 

that work.   
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Figures and Tables 

Figure 1.  The figure below presents the average percentage of projects delivered late for each 

team size, with teams grouped in five member bins.  Team size ranges from 2-55 in the below 

figure.
*
 

 

 

*
Of the 594 teams in our data set, only 27 included more than 55 members (average = 89 members, standard 

deviation = 30 members).  These outliers are not included in the above plot due to inadequate data density. All 

plotted bins contain at least 7 teams (average = 51 teams, standard deviation = 53 teams). 
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Table 1.  Results and summary statistics from Lego Person exercise and related estimation task. 

 

 
 

Table 2.  Results and summary statistics from Lego Spaceship exercise and related estimation task. 

 

  

 

Table 3.  Results from analysis of relationship between coordination gain/loss survey responses and 

estimate accuracy. 

  

 

Actual Time 

(person 

minutes)

Estimates 

(person 

minutes)

Difference 

(person 

minutes)

(1) (2) (3)

36.33 22.93 -13.02

(19.39) (11.03) (22.30)

34 teams 90 estimators 90 observations

52.64 30.07 -22.16

(39.11) (19.53) (43.71)

33 teams 88 estimators 88 observations
Means, standard deviations (in parentheses) and sample sizes.

Two person team

Four person team

Estimates 

(person 

minutes)

Difference 

(person 

minutes)

Estimates 

(person 

minutes)

Difference 

(person 

minutes)

(1) (2) (3) (4) (5)

72.39 40.75 -31.65 34.07 -38.32

(23.81) (60.51) (65.02) (15.19) (28.24)

12 teams 229 estimators 229 observations 80 estimators 80 observations

111.50 39.44 -72.06 42.83 -68.66

(25.54) (42.72) (49.77) (29.61) (39.11)

14 teams 229 estimators 229 observations 80 estimators 80 observations

Actual Time 

(person 

minutes)

External Estimators (Penn) Internal Estimators (UNC)

Two person team

Four person team

Means, standard deviations (in parentheses) and sample sizes.

(1)

0.101***

(0.025)

-0.058**

(0.025)

0.243

(0.186)

229

0.102

F-statistic 13.93***

Constant

Observations

Adjusted R
2 

Note: *, ** and *** denote signficance at the 10%, 5% and 1% levels, respectively.  

DV: (Ratio of 4-to-2-person actual means) -                                     

(Ratio of 4-to-2-person estimates)

Coordination Gain

Coordination Loss
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Table 4.  Control variables included in the regression models. 

 

Control Variable   Explanation 

Team Experience 

 

To control for the experience of the team we take the average of the number of 

years that each member has spent at SoftCo in his or her hierarchical role as 

project manager, middle manager, or project engineer.  Running robustness 

checks with firm-specific experience generates the same pattern of results on 

the variables of interest in this study. 

Contract Type 

 

To account for the contract type we use an indicator variable that is set to one 

when the contract is fixed price (where SoftCo is paid a set amount of money 

and bears any risk of overage) and is set to zero when the contract is time and 

materials (in other words, cost plus) (Banerjee and Duflo 2000). 

Softco Percentage 

 

To control for any additional coordination complexity due to employees 

working at Softco vs. customer facilities we construct a variable, Softco 

percentage, that divides the number of project hours completed at SoftCo's 

facilities by the total project hours.  

Log (manual 

kilolines of code)  
To control for project scale and complexity (Boehm 1981) we use the log of the 

number of kilolines of new source code that are written for a project.   

Log (estimated 

duration)  
To control for additional coordination challenges that may result from longer 

projects (e.g., the risk of attrition), we use the log of the estimated duration.   

Software Language  Indicator variables for six software languages that appear in the data. 

# of Software 

Languages  
Indicator variable that is equal to one when a project has more than one 

software language and is equal to zero otherwise.   

Technology 
 

Indicator variable that is equal to one when a project employs more than one 

technology and is equal to zero otherwise. 

Start Year   Indicator variables for the year when the project started. 
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Table 5.  Summary statistics and correlation table describing dependent, independent, and control variables of interest (n = 594). 

 

 

 
 

 

Variable Mean ů 1 2 3 4 5 6 7 8 9

1. % Effort Over-Optimism -4.44 19.29

2. Log (Team Size) 2.61 0.79 0.07

3. Team Size 19.15 19.97 0.06 0.87

4. Log (Estimated Effort) 8.72 1.13 -0.02 0.87 0.73

5. Log (Actual Effort) 8.63 1.13 0.11 0.86 0.73 0.97

6. Team Role Experience 1.24 0.58 -0.04 0.02 -0.02 -0.02 -0.04

7. Contract Type 0.67 0.47 -0.06 -0.13 -0.12 -0.16 -0.18 0.13

8. Softco Percentage 0.85 0.15 0.08 -0.13 -0.08 -0.14 -0.12 -0.11 -0.09

9. Log (Kilolines of Code) 3.46 1.27 0.05 0.65 0.55 0.70 0.71 -0.24 -0.06 -0.12

10. Log (Estimated Duration) 5.27 0.66 0.09 0.57 0.48 0.73 0.72 -0.11 -0.16 -0.08 0.48

Note:  Bold denotes significance of less than 5%.  
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Table 6.  Results of regressions of estimated effort, actual effort, and % effort over-optimism on team 

size. 

 

 
 

 
  

(1) (2) (3) (4) (5) (6)

0.748*** 0.079** 8.495**

(0.044) (0.033) (3.378)

0.019*** 0.002*** 0.134**

(0.003) (0.001) (0.059)

0.015 0.058* -0.021 -0.016 -2.004 -1.738

(0.028) (0.032) (0.015) (0.015) (2.146) (2.109)

-0.079 -0.114** -0.034 -0.034 -1.796 -1.895

(0.049) (0.052) (0.026) (0.026) (1.501) (1.501)

-0.068 -0.205 -0.001 -0.008 1.975 0.962

(0.141) (0.195) (0.129) (0.127) (5.541) (5.770)

0.174*** 0.282*** 0.043*** 0.045*** 2.149*** 2.600***

(0.024) (0.025) (0.014) (0.013) (0.791) (0.849)

0.542*** 0.664*** 0.028 0.025 6.856*** 6.224***

(0.051) (0.051) (0.046) (0.042) (2.408) (2.084)

0.886*** 0.907*** -9.618*** -6.394***

(0.033) (0.022) (2.902) (1.732)

3.354*** 3.919*** 0.508** 0.498* 17.829 10.999

(0.291) (0.349) (0.217) (0.257) (11.846) (11.225)

598 598 598 598 598 598

0.856 0.797 0.953 0.953 0.0917 0.0752

Dep Var:                                                     

Log (Actual 

Effort)

Dep Var:                     

% Effort Over-

Optimism

Log (team size)

Team size

Notes: *, **, and *** denote signficance at the 10%, 5% and 1% levels, respectively.   All models are GLS random-effects models 

with heteroskedasticity robust standard errors, clustered on the customer. All models include, but results are not shown for the 

following variables: number of languages, start year, software language, and number of technologies.  

Dep Var:                                                     

Log (Estimated 

Effort)

Overall R
2

Observations

Constant

Team role experience

Softco percentage

Log (manual kilolines of code)

Log (estimated effort)

Contract type

Log (estimated duration)
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APPENDIX A 
 

                                                                                                                                                       

Lego Person Exercise 

Instructions 

 

 

 

 

Materials and Goals 

 

¶ Each group has a set of 50 lego blocks (11 yellow 8s, 12 blue 8s, 3 yellow 6s, 2 blue 6s, 6 

yellow 4s, 6 blue 4s, 3 yellow 2s, 3 blue 2s, 1 yellow peg, 1 blue peg, 2 black 8s). 

 

¶ Your task is to assemble these pieces exactly like the model in the front of the room.  

(Your 1x1 piece(s) may be slightly different from the one at the model, because of 

availability of pieces.  Exceptions will be made in the judging to account for this). 

 

Procedure 

¶ Pick up your group packet with your team information  

 

¶ Before beginning, one member of each group must be chosen to serve as a Process 

Checker for another group to insure that the following rules are followed. 

 

¶ Planning Period: You can spend up to 30 minutes preparing to assemble your pieces.  

You can work together as a group in any way that you think will be most helpful in 

preparing to assemble and assembling the model.  Your group must begin assembly after 

that time.  You may begin assembly whenever you wish, but once assembly begins, you 

are prohibited from observing the model.   

 

¶ Assembly Period:  During the assembly period you must assemble the Lego Person as 

quickly and accurately as possible.  Your process checker will time you with a stopwatch. 

 

¶ Please build your Lego Person on a folder or notebook, so that he will not break when 

you move him. 

 

¶ After the exercise is complete please fill out the End of Exercise Questionnaire.   
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Lego Person Model, front and back.  Note: Participants only saw the model from the front view. 
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APPENDIX B 
 

Survey 

¶ Please fill out the survey individually and return it to the front of the room.   

 

Instructions 

¶ The  task is to assemble these pieces exactly like the picture below using the detailed instructions 

from the box of Legos. 

 

 
 

¶ The objective is to assemble the Lego pieces as quickly and accurately as possible. 

 

¶ When you have assembled your model please bring it to the front of the room to be checked. 

 

 

 

 

 

 


