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Abstract

We explore the role of management in knowledge-intensive work. Our theory
posits that the function of the manager mainly consists of (i) ex ante coordination
in terms of specifying and delegating tasks to her team and (ii) ex post coordination
of the team’s execution of those tasks as unexpected events unfold. Consistent with
the predictions generated from this view, and using microlevel data from architec-
tural design teams, we find that the manager’s involvement in a project is high in
the beginning but decreases as the project progresses. However, when the manager
has better ex ante information, she decreases her involvement ex ante. We also find a
higher workload of the manager not only strains her involvement but also the team’s
time spent on the project. Our analysis on workload shows that the manager and
the team synchronize their involvement in proportion under shifting workloads.
Finally, both over- and under- involvement by the manager from our predicted in-

volvement correlates with higher team hours and hence lower profitability. Our

“We thank comments given by seminar and workshop participants at Columbia Business School,
Waseda University, the University of Padova, Enhancing Sales Productivity Conference, and Einaudi In-
stitute of Economics & Finance, Rome.



study highlights the importance of managerial coordination and rational inattention

in organizing knowledge workers in modern economies.



1 Introduction

Knowledge firms are a staple of the modern economy (Drucker 1999). Those firms often
organize teams of specialized workers led by higher-level managers to carry out mul-
tiple projects and tasks concurrently. Senior managers coordinate the knowledge and
time of their subordinates to complete work (Bolton and Dewatripont 1994) and lever-
age their own knowledge (Garicano and Hubbard 2016). However, the intangible nature
of knowledge causes the tasks of and the collaboration among knowledge workers to be
less well-specified than for workers in traditional industrial firms. This raises a number

of important research questions.

First, what is the role of management and its economic impact in knowledge work?
In traditional industries, the literature has emphasized the role of monitoring and moti-
vating employees (Alchian and Demsetz 1972, Holmstrom 1982, Hermalin 1988). How-
evet, it is not clear how the non-repetitive and intangible nature of knowledge work
affects this role. Second, knowledge work is typically project-based, with each project
presenting unique requirements, having a start and completion date, and workers of-
ten involved in multiple projects. How do senior managers - as team leaders - and
their teams allocate time across different projects and across different stages of a given
project? Arguably, the allocation of managerial time under limited attention plays a cru-

cial role in organizing team work in knowledge firms (Dessein, Galeotti, Santos 2016).

In this paper, we provide a theory of how the manager and her team allocate time on
knowledge-intensive work. We posit that the role of the manager in a project - known
as “a job” in our context - mainly consists of (i) ex ante coordination - that is, speci-
fying which tasks must be completed as well as how and by whom, and (ii) ex post
coordination of her team’s execution of those tasks as events such as a change in project
specifications unfold. Our theoretical model predicts that the allocation of managerial
attention to jobs changes over the life span of a project. The majority of the manager’s
time is spent on ex ante coordination in terms of the delegation and specification of tasks
to workers and, as a result, her involvement in the job decreases over time. The decrease
in job involvement is more pronounced when the manager has better ex ante informa-
tion about the job. However, the manager is more involved in larger projects due to the

fact that larger projects, involving bigger teams, require more managerial attention de-



voted to (ex post) coordination. Because of additional staff support, the more senior the
manager is, the less time she spends on a job. Finally, the heavier the workload the man-
ager has, the less time she spends in a job. Together, these theoretical results shed light

on the issues of coordination and organizational attention among knowledge workers.

To test our theory, we obtained micro-level data on the time spent by employees and
the characteristics of architectural design jobs in one of the largest architectural firms
in Japan. The firm hires hundreds of architects and our data covers the firm’s design
jobs recorded from 2004-2016. This context is appealing to test our theory for the follow-
ing reasons. First, knowledge workers such as architects tend to be more autonomous
and rewarded based on outputs (e.g., project completion) rather than effort provision,
and monitoring of task execution is a small part of the manager’s time. Second, archi-
tects are involved in many design tasks that are not well-specified at the time of formal
contracting due to both the tacit nature of knowledge and clients” idiosyncratic require-
ments. This requires substantial communication with clients and coordination among
team members, particularly in the early stages of a design job. For example, develop-
ing initial concepts requires design imagination and creativity while paying attention
to cost calculations. In this process, architects are required to think outside of the box,
link previously unlinked concepts, or viewing things in fresh ways in order to give form
to client requirements (Pressman 2014). Third, although parametric modeling using
computer-aided-design (CAD) systems allows for many changes to be made quickly,
there is still substantial need for ex-post coordination in a design job due to specification
changes made by clients, schedule changes in response to human resource constraints,
or the discovery of design defects. Fourth, the manager mostly assumes the coordina-
tion role whereas her team focuses on the execution of an architectural job. This clear

and distinctive division of labor facilitates our interpretation of the empirical results.

Our empirical results in general support our theory. On the one hand, the manager
and her team spend more time initially at a job but decrease their time involvement
as the job progresses toward completion. The manager and the team log more hours on
new clients and jobs that are farther away from their offices during the initial phases than
the later stages. A larger architectural job, and hence a bigger design team, receive more
attention. More knowledge-intensive jobs ask for more involvements as well. These

results are consistent with the notion that information acquisition is important in orga-
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nizational coordination. On the other hand, heavier workload on the manager leads to
less involvement by the manager and her team in a given job. Interestingly, the elastic-
ities of the manager’s workload on manager hours and team hours at a given job stage

are the same. Our main results are robust to alternative specifications or measures.

Finally, we analyze the economic significance of managerial attention. Assuming
our predicted time spent by managers is at the optimum, our analysis shows that higher
variable costs (i.e., wages and traveling expenses) positively correlate with the absolute
value of the deviation of the actual number of hours from the optimal time spent. In
fact, spending more (“over-run”) or less (“under-run”) time by the manager than the

predicted one prolongs team hours and is detrimental to company profit as well.!

In sum, our paper investigates the span and evolution of manager and team involve-
ment in knowledge work. We consider the management of those jobs as a production
function in which the quality of work depends on ex-ante coordination of the manager,
task execution, and ex-post coordination. The empirical analysis supports our theoret-
ical predictions. In this way, our study integrates key organizational architecture and

managerial attention into a novel, coherent framework.

Related literature. TBC

2 Institutional Context

Our data is obtained from a large architectural and engineering consultancy firm in
Japan (“the firm”). The firm maintains an exemplar reputation in the industry, and
has its own sales team to reach clients who seek consulting work on their buildings,
structures, and construction sites. The firm has headquarters in Tokyo but has several
regional offices in the country. A complete architectural design project encompasses
several phases, including initial planning, schematic design, design development, con-

struction documentation, and the supervision of the construction process.? It is not un-

IThe difference between revenue and variable cost is known as the contribution margin, a measure
of short term profit. In our institutioanl context, revenue of a job is pre-determined when the contract is
signed.

2As a secondary source of revenue, the firm also provides consulting services for the specific problems
that the client want to solve. For example, a client might want to explore the possibility of enhancing the
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common that the design and construction supervising work required by clients only
include a subset of such phases. For instance, for standard buildings like a small factory,
the requirement for creativity is low and the first stages may be skipped. The firm views
a phase as the basic unit of its design jobs and organizes teams around different phases.
We follow the firm’s practice by calling a phase as a “job” and treat it as our unit of

analysis.

When a client contacts the firm and the negotiation process starts, an executive panel
consisting of the most senior executives assign “the job” to an employee who is at the
rank of “Manager” as “the job manager.” Factors affecting a job assignment include
expertise, tenure, and current workload. Job revenue is largely predetermined at the
beginning of the job and written in the contract. Therefore, once the job starts, the man-
ager’s goal is to minimize cost, especially its major components of labor and incidental

costs, while maintaining quality work.?

Once the contract of a job is decided, the job manager organizes a design team to
work on their buildings and structures. A design team typically consists of up to ten
members, all of whom are architectural specialists at lower ranks (i.e., Senior and Junior
Architect) than the mamager.4 Since each architect has different skills and experience,
the manager attempts to optimize the talent mix in order to achieve a high-quality out-
put with reasonable labor cost. Moreover, the size and composition of the design team
may adapt to evolving needs as the job progresses. As mentioned earlier, the manager
typically performs coordination functions. Her coordination work includes, but is not
limited to, determining designs and material with clients, scheduling progress, assign-
ing tasks to team members, solving conflicts and quality problems, negotiating with
clients on specification changes, adjusting for delays, and mentoring team members.
She often delegates to her team members the implementation of the plan and task exe-
cution. The firm has a formal structure and reporting lines along which every employee

is evaluated by their direct supervisor at the Manager rank. At the same time, with the

strength against potential risk of earthquakes or other natural disasters.

3 An exception to cost minimization is when a job participates in an industry competition that awards
the design of, for instance, a monumental building. In this case, cost minimization may affect the chance
of awards or its reputation so other metrics are involved.

The firm classifies its employees into Manager, Senior Architect, and Junior Architect. There are
multiple grades within each rank. In our data, job managers who are at the rank of Manager make up
more than 99.6% of the jobs.



approval of the executive panel, the job manager can invite to her team employees re-
porting to other managers.> As a common practice in Japan, this is partly to encourage

employees accumulate experience with various managers and clients (Aoki 1990).

Most managers we interviewed informed us that understanding client needs and
their decision-making process as well as conscientious planning and coordination are es-
sential to ensure smooth operations and on-schedule job completion. Our initial analysis
revealed that most project managers are specialized in a certain client industry, imply-
ing that industry-specific knowledge is important. A manager at the firm has to manage
multiple jobs, ranging from a few to over 100. Given that all managers face time con-
straint, the attention each manager pays to each job varies substantially depending on
the workload and the size of the other jobs on hand. Usually, a manager pays more at-
tention to jobs that generate higher revenue because there are more parameters to decide
on and there is more scrutiny into decision-making. A manager also pays more atten-
tion to jobs that need more planning and coordination such as those with new clients
or those that involve more creativity. The attention a manager pays may depend on the
experience of the leader and the members as well. For instance, more senior managers
are more likely to delegate developmental job assignments in order to advance team

members’ careers in the firm .

Notably, we do not view moral hazard as a major concern in our context because
of the following three reasons: First, division of labor in such close-knit relationships
facilitates observable and measurable contributions of each team member to the job.
Any architect can easily show and prove the part of the design and documentation they
crafted. Second, architects in reputable firms are intrinsically motivated to strive for
quality work. Winning external awards from one’s work further provides a strong ex-
trinsic motivation as well (MacLeamy 2020). Third, time pressure to meet a deadline
is often present. An architect’s shirking and other malfeasances are easily detected by

professional team members and would adversely impact the architect’s career in the

>Related to the issue of reporting lines and internal hierarchy, the firm’s compensation policy has two
components: fixed salary and bonus. Salary is adjusted every year depending on the merit evaluation
by his supervisor within the range set for each rank grade. The bonus pool is proportional to the firm’s
profit and divided based on the salary. No part of the compensation is directly linked with the individual
performance.



firm.°

3 Management in a production function, with an applica-

tion to project management

3.1 Model

Since moral hazard is not a major concern in the architectural firm, we consider a team-
theoretic model in which production depends in a multiplicative way on (i) the quality
of ex ante coordination/delegation of tasks, Q”, by a manager and a team of workers (ii)
the quality of task execution by workers, Q¥ and (iii) the quality of ex post coordination

of tasks, Q“, by a manager an a team of workers. Concretely, total output is given by
Q = u' = QD) (@F)" (@) (1)

where (i is the size of the projectand o+ 5 + v < 1.

(1) Quality of ex ante coordination & task delegation: As noted in Section 2, under-
standing client needs as well as conscientious planning and coordination are essential to
ensure smooth operations and on-schedule job completion. The manager has to specify
which tasks must be completed as well as how and by whom. Workers need to know

“what to do” and “what to do” must correspond to client needs.

Whereas the manager is essential in the process of ex ante coordination, she can use
a team of workers to assist her in this effort (e.g. collecting information, writing out
instructions, filling in details etc.).” We further posit that the quality of ex ante coordi-
nation, Q”, depends on the time the manager spends in the early stages of the project,

as well as the familiarity of the manager with the project.

®This is not to say that the interests of the firm and the employee are perfectly aligned. Some employees
might spend more time on the job than the company would like, for example, in order to win an external
award. Another employee might design from scratch instead of using an existing blueprint in the archives
to gain experience. These can result in some loss to the firm, at least in the short run. However, these issues
are minor compared to the coordination problem we focus on in this paper.

"This work is different from delegation in that the work of the manager and subordinates are comple-
ments and not substitutes.



Formally,

tD\” D\ 1P
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where t7; and ¢% are the time devoted to ex ante coordination and task-specification by

respectively the manager and a team of workers that supports her.

The parameter p captures how essential the role (and time) of the manager is in this
process. The larger the value of p, the less the manager is able to rely on workers (or

assistant managers) to support her in this process.

The parameter z. reflects how many projects with common clients are under the
supervision of the same manager. We assume k. > 0, so that less time is required to
achieve the same level of ex ante coordination for projects that have a common client.
The parameter x4 reflects the distance of the project from headquarters. We assume

kq < 0, so that more time is required for projects that are more remote.

(2) Quality of task execution. How well do employees execute the delegated tasks

and task instructions? We posit that
E E E
Q" =A"" tr

where t% is the effort/time put in by employees. Note that execution of tasks is by
definition only a function of worker input. Anything that requires the involvement by

the manager ex post will be captured by the quality of ex post coordination.

(3) Quality of task coordination (ex post coordination). Unforeseen circumstances
arise and new client needs may emerge, which requires a re-juggling or re-organizing of
tasks. In other words, ex post coordination may be needed. Again, the manager plays a

key role in this “ex post” coordination, though he may be assisted by a team of workers.

o e (5 [ 5\
o= () (+5)
p L—p

where t§; and t¢ are the time devoted to ex post coordination.

In particular,

Labor cost: Finally, while total output is given by (??), the total cost of production



equals
L =t s + 5 0 + 20 + tEdy + 9

where Ay, and Ar are the wages of managers and workers (or, alternatively, opportu-
nity cost). Intuitively, both the manager and the workers are involved with multiple
project and Ay and Ar are the marginal value of one unit of attention, which we take as

exogenous for now.

Timing: We assume there are 2 periods. In period 1, there is ex ante coordination. In

period 2, there is task execution and ex post task coordination.

In period 1, we denote

th =ty +tp =ty +tp

In period 2, we denote

2 =12, 42 =1§ +tE 418

We further denote t = t! + t>and t; =t} + ¢ for | = M, T.

3.2 Optimal Time Allocation

The firm chooses t;, t{;, t2 t£ and t$ in order to maximize
“(a a B
Q— L= p! =0 Q)" (QF)(Q)" = (tay + t5) A — (17 +t7 + 17)Ar

As we show in the Mathematical Appendix, the first order conditions with respect to ¢
and t}, for k = D, C imply that

ti _ (1—p)Au
thr PAT

=K

Intuitively, the larger is p, that is the more essential is the manager in the process of ex
ante or ex post coordination, the lower is the span of control of the manager «. Similarly,
the larger is the wage premium of the manager, \y;/Ar, the larger is the span of control
r. It follows that

) ) ()

prL=—p= — p \



In the Mathematical Appendix, we further show that

Y SV E RN
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It follows that the optimal time allocation of the manager and his team are given by

1-p D*
D+ _ H Ar Q
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We can further show that® p
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(1—py "
* B * 1- P
8Indeed, t% = a—E Zﬁ(ﬁ) Q*and 1" = ( ACP) (/{\T\Tf) Q%" = (1—p)y (ﬁ) 0" .



3.3 Comparative Statics

Note that Q*, QP", Q¥ and Q" are (i) independent of z. and z, and (ii) linear in x. The

following lemma is now direct:

Lemmal. e 5 t2 '/t and 5, /tyr are decreasing in x. (and —z4). On the other hand

8y /t2 is unaffected

o The ratios Q" /Q, Q%" /Q and QF" /Q are independent of x., x4, and p.

Using the fact that ex ante coordination occurs in period 1, whereas execution and ex

post coordination occurs in period 2, we obtain the following comparative static results:

Proposition 1. 1. The share of the manager’s time is larger in period 1 (t},/t') than that in
period 2 (3, /t2).

2. The more jobs come from a common client (x.) in the manager’s portfolio, the less time
the manager and the team spend in period 1 (t},,t}.), and proportionally more time the

manager and the team spend in period 2 (t3, [ty and t3./t7).

3. The smaller the distance of the site of a job is (x,), the less time the manager (t},) and
her team (t%.) spend in period 1 but the proportionally more time in period 2 (t3,/ty and
t2/tr).

4. In a larger job (p), the manager and the team spend more time both in period 1 (t},, and
tr.) and period 2 (13, and t2).

The intuition of the hypotheses in Proposition 1 is explained as follows. The first
hypothesis means that the manager decreases her relative involvement as the job pro-
gresses. Intuitively, in both Period 1 and 2, the manager and her team are involved in
coordinating work (ex ante coordination in period 1, ex post coordination in period 2).
While managerial attention devoted to ex ante coordination may be higher (or lower)
when compared to ex post coordination, the ratio of managerial-to-worker attention de-
voted to coordination will be identical in both periods as it is solely determined by the

parameters p, A\ys,and Ap. In Period 2, however, the team must also execute the tasks
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specified and delegated in period 1, whereas the manager is not involved in task execu-
tion. Hence, the manager’s relative involvement drops in period 2 when compared to

period 1.

The next two hypotheses are about the effect of the availability of ex ante information
on attention. When the manager has already had more ex ante information about a job
(i.e., a nearby job) or a client (i.e., a common client), then she is more efficient in ex ante
coordination and task delegation. In the fourth hypothesis, the manager and the team
spend more hours both ex ante and ex post in larger jobs because of their higher returns

to (or need for) attention.

3.4 Multiple projects and changes in workload

In our analysis above, we have assumed that the attention dedicated by managers and
workers to a project is optimized given their wages Ay, and Ar. In the short run, how-
ever, the number of managers and workers (and the hours they work) may be fixed but
the workload may vary over time. Hence, in the short run, when managers are involved
in multiple projects, Ay; and Ay can also be interpreted as the opportunity cost of a unit
of attention. This opportunity cost of attention, in turn, will be affected by the portfolio

of projects assigned to a manager and their team.

Let us therefore denote by Aj,(S) and A7 (S) the opportunity cost of attention when
the manager and their workers are involved in projects j € S = {1,2,...,m}. At the
optimum, the marginal value of attention must be equalized across all projects, and the
manager and their workers must be working full-time. In the Mathematical Appendix,

we prove the following result:

Proposition 2. Assume total available managerial and worker attention is fixed in the short run
and optimized for a set of project S. Consider now an increase in workload from S to S" where

S C S'. Then for any project j € S, the increase in workload to S’

e reduces period 1 worker and managerial attention by the same (percentage) amount.

e reduces period 2 worker and managerial attention by the same (percentage) amount.

11



Proof: Let us denote by t¥,,(S) with k = D,C and t¥,(S) with k = D,E,T the
optimal attention allocations for project j. From our analysis above, we have that for all
projects j € S

tr(S) _ t5r(S) (1= p) Au(S)

t2(S)  t53(S) p o Ar(S)

and . .
tr (S) B tr B Au(S)

t5u(S)  (L=p)ytSh — py Ar(S)

Hence, in period 1, the relative involvement of the manager is given by

L _ M(S)  p
thr Au(S) (1 —p)

(3)

Similarly, in period 2, the relative involvement of the manager is given by

- - = - (4)
tSp + e Au(S) QJF%

t5ar Ar(S) [ 1

Assume now that A\p(S) = wr and Ap(S) = wy, that is managers and workers are
hired assuming a workload of S. Assume further that the total attention of each worker
and manager is fixed. Consider now a shock to the workload of managers, in that the
portfolio of assigned project to is S’ instead of S where S C 5, with at least one project
k that belongs to S’ but not to S. Then, at the optimum, we must have that

)\T(S/) )\T(S) W nr

(S T am(S)  wr ®)

Indeed, assume not. For example, assume that

At the optimum, the managers and workers must be working full time both under S
and S’. But if the above inequality holds, and the managers work the same amount of
time under S as under S’, then workers would be working longer hours under S’ than

under S, which is not possible. Proposition ?? follows directly from (??), (??) and (??).
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QED

3.5 Senior and junior managers

We now incorporate senior and junior managers in our analysis. We assume that by
working with an assistant manager on a project, a senior manager can save time and be

involved in more projects. Junior manager, in contrast, can only work independently.

Abusing notation, let ¢); be labor output of a senior manager when assisted by an

assistant manager. We posit that

tar \” ([ tanr \' 7
= () (25) ©

where t,), is the time contributed by the senior manager and ¢, the time contributed by

the assistant manager.’ In contrast, the labor output of a junior manager simply equals
tM — tjM

where ;s is the time contributed by the junior manager. Finally, QP and Q¢ are a
function of ¢, as in our base-line mode. We denote the wages of junior managers, senior

manager, and assistant managers respectively by Ajus, Asar, and Aqar, where we posit that
Aot < >‘j M= Ay

The wage of the senior manager \;y; will be determined in equilibrium such that the
wage cost of ¢, is identical when provided by a junior manager or by a team of a senior

and an assistant manager (see Assumption 2 below).

Optimal managerial time allocation implies that

(,b)\aM

? As we will show below, this production function is such that if another senior manager were to take
the role of an assistant manager, then the firm would be indifferent to having a senior manager working
by himself or in a team with another senior manager (both managers are paid the same hourly wage Asas
in the latter case).

taM - ZfsM
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Substituting ¢, in (??), we obtain that

1 )\sM 1=
ty = — t
M cb(AaM) M

Hence, for a given managerial labor output ¢, the optimal labor input from the senior

and assistant manager equal

1-¢
t:Mqu)()\aM) tM

)\SM

and

/\aM

:Mz<1—¢>(AsM)¢tM

Assumption 2 The wage of the senior manager, A/, is such the managerial wage cost
of a project led by a senior and assistant manager is identical to the wage cost of a

project led by a junior manager:
Aaartiar + Aanting = Nartas
Substitution t¥,, and ¢%,,, it follows
Ajm = )‘iﬁb)‘fM

Hence, A\,p < Ajy implies that

Ajv < Asnr

Without loss of generality, let A\;,; = Ay Then t§; and ¢4 will be exactly as before —
regardless of whether a team is led by a junior or a senior manager — but with the time

devoted by the senior manager satisfying

kx )\GM e kx kx*
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and the time devoted by a junior manager satisfying
th =t fork = D, C.

We summarize in the following proposition:

Proposition 3. Compared to the junior manager, the senior manager spends less time on both
ex ante and ex post coordination, both in absolute terms (t13, < tiy, t23, < t33,) and as a share
of the team’s time (t};,/t" < t73, /', t23,/t° < t33,/1%).

This result captures the ideas that the senior manager has more responsibilities by
being assigned with larger teams and that she also delegates part of her coordination

role to the junior manager.

4 Data and Measures

4.1 Data

The data used in our analysis includes project management data, personnel data, and
labor inputs data. In the project management data, contract terms for each phase of
projects - that is, a job - during 2004 to 2016 are observed. A project may consist of
several phases and some related jobs. For example, designing a large sports stadium
involves at least five jobs: (i) planning, (ii) schematic design, (iii) design development,
(iv) construction documentation, and (v) construction supervision. There will be more
jobs if it also involved the construction of , for instance, a connected shopping arcade,
its peripheral roads and parking structure. Many times, however, a project is composed
of a single job. Our unit of analysis is the job. For each job, we know its revenue,
costs, and detailed categorical classification such as the client industry and building
type. As we stated earlier, job revenue is largely predetermined at the beginning of
production. Personnel records are available from 2011 to 2016. It includes each worker’s

basic information such as the year of birth, the year of entering the firm, etc.

The labor inputs data contain detailed records of working hours for each worker on

each job in each month. We index job and month by j,and ¢ respectively. Instead of
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using the time records to bill the client, they are mainly for cost control purposes. Al-
though workers self report number of hours, the records are closely monitored by the
manager and the firm to ensure compliance. After the client signs the contract, each
job is assigned to a job manager as the team leader who is responsible for all the sub-
sequent actions. Manager typically manage multiple jobs concurrently. How managers
allocate their limited time is therefore a key decision for the success of the firm. In our
analysis, jobs that receive zero attention from their chief manager throughout the job
period are excluded. For those jobs, the manager’s coordination role is fully delegated
to a seasoned senior architect in a second-in-command role.'® We also exclude jobs with
revenue less than one million Japanese Yen (about US$9000 during our data period).
This restriction is essentially to exclude failed jobs that do not generate any meaningful

revenue to the firm.

4.2 Variables and measurement

This section introduces and describes the notations of the variables used in our empirical

analysis.

* ManagerHour;, ("manager hours”) is the number of hours recorded for the man-
ager of job j in month ¢. We use “the manager” and “the team leader” interchange-
ably in the text.

e TeamHourj, ("team hours”) is the total working hours of all team members of job

J in month ¢, excluding the manager.

* Manager HourSharej; is the ratio in percentage of manager hours to total hours

spent on job j month ¢, namely

Manager HourShare;; = ManagerHourj/(Manager Hourj, + TeamHourj;) .

* t_progressj, € [0.1], or "job progress,” is the ratio of the cumulative days from the
start of job j to the first day of next month ¢ + 1, to the total day length of the total

19Even for the selected jobs, managers need not spend positive time in every month during the project
period. Zero hours may happen because the manager has higher priority in other jobs, or because the
team is waiting for the client decide on the choice of design details.
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duration of job j. It value ranges from 0 (job start) to 1 (job completion), measuring

the progress of the current job.

* Cj € 10,1] (“common client”) is defined as follows. For each job j in the job portfo-
lio of manager ¢ in month ¢, count the number of other jobs in the portfolio having
the same client as job j, and then divide the count by the total number of jobs un-
der manager ¢ minus 1. The more jobs from the same client is under the manager’s
responsibility, the more the manager’s understanding of the client business. This

is one of our two measures on (lack of) information friction.

— An example of C}; : there are 10 jobs in month ¢ for the manager. Suppose,
5 are with the same client, and the other 5 are all different clients. For job j
sharing clients with other 4 jobs, C}; is 4/9. For job j not sharing clients with
other jobs, C}; is 0.

* Prox; € [0, 1] ("proximity”) is how close the site of job j is to the firm. It is mea-
sured as 1/(Dist; + 1), where Dist; is the geographical distance between the job
site and the firm’s responsible office in kilometers. Dist; is calculated as follows.
For the job sites that are located in Japan, we calculate the distance between the
responsible regional office (in four prefectures) and the job site prefecture, using
data from Geospatial Information Authority of Japan . For jobs outside Japan,

we use country level distance measure from CEPII '?

. The longer the distance, the
more the information asymmetry is between the manager and the headquarter of-
fice (Kalnins and Lafontaine 2013; Huang et al. 2017). This is our second measure

of (lack of) information friction.

* NoJobj; ("workload”) is the number of jobs of which the manager in charge in

month ¢.

* NoReCj; ("repeat client”) is the number of new jobs assigned to the manager of job
J in month ¢ from those repeat clients other than the focal client. Repeat clients are
identified from the contract type being “continued client” in our data set. In other

words, we exclude observations to count NoReC;; in which the focal client is the

Uhttps:/ /www.gsi.go.jp/ KOKUJYOHO/kenchokan.html
L2http:/ /www.cepii.fr/ CEPII/en/publications/wp /abstract.asp?NoDoc=3877
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same as the client that makes the new order. This variable is used as an instrument
tor NoJob,,.

— An example of NoReC); : there are two clients, A and B, in month ¢ for man-
ager j. Client A is a repeat client that had worked with the manager before.
In month ¢, a new job arrived from client A. We exclude all the observations
of client A in this month. For client B, NoReC}; equals to 1, and NoJob,, is in-
creased by 1. This ensures the relevance condition. Removing client A’s obser-
vations in the month eliminates unobserved client-specific factors (e.g., client
A’s preference for working with the manager) that may affect both NoReC);
for the focal client and the outcome variables of job j. This helps to satisfy the

exclusion condition.

Rev; ("job revenue”) is the revenue of job j. It is determined before the start of
production. We use its standardized logarithm values with mean zero and unit

standard deviation in our regressions.

Tenure;; (“tenure”) is the number of years since the manager of job j, at the year
indicated by time ¢, joined the firm. We use its standardized logarithm values in

our regressions.

TeamSize;; ("team size”) is the number of workers contributing positive hours to
job j in month ¢, excluding the manager. Team size varies with time due to the

changing need of labor as a job progresses.

JobT'ype; (“job type”) denotes a categorical variable (with 22 categories) that con-

trols for the type of service in each job j. 13

Industry; denotes a vector of 39 dummies indicating the industry that a job is clas-
sified. Industries include real-estate, education, finance/insurance, transportation,

municipal government, and others.

B3The top 10 categories of JobT'ype; cover 92.4% of the number of jobs and 97.1% of revenue in the sam-
ple. Ordered in terms of revenue, they are: Construction documentation (32.2%), Design/Construction
supervision (24.9%), Construction supervision (14.0%), Design development (13.4%), Other (3.2%),
Schematic design (2.9%), Planning management (2.0%), Other planning (2.0%), Basic planning (1.4%),
Planning and development management (1.1%).
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Table 1 provides the summary statistics for these variables. We note that the monthly
average hours spent on a job are 9.6 for the manager and 278.1 for the team. With the
average team has 6.9 members, a team member spends on average 40 hours per month
on a job. The mean value of the manager’s share of hours to that of her full team is 9.4%.
A typical manager has worked for the firm for about 25 years and carries a workload of
about 17 jobs per month. Finally, the average revenue of a job is 88 million Japanese Yen
(=USD748,000 at the exchange rate recorded at the year end in 2016).

<insert Table 1 about here>

4.3 Stylized Facts

Before we examine our regression analysis, we document a couple of stylized facts about
the allocation of managerial attention. Our data from the architectural firm show strong
evidence of selective attention of knowledge workers. The general pattern corroborates
to the “rational inattention” phenomenon in which managers often choose to pay no or
little attention to a significant number of tasks at any selected time (Dessein et al. 2016).
Both panels in Figure 1 show that a positive correlation exists between the number of
jobs on which a manager spends positive time and the number of jobs under her man-
agement. However, the increase in jobs to which the manager devotes positive attention
is much smaller than the increase in the number of jobs assigned to her portfolio. When
we limit the number of assigned jobs to 40, the left panel shows a ratio of approximately
1/4: only 1 out of 4 jobs receives positive managerial attention in a given month. As the
samples in our data for managers who have more than 40 jobs become fewer, the stan-
dard errors increase. Still, the right panel that uses our full samples shows the average
between the number of jobs with positive attention to that of inattentive ones decreases
to about only 1/8. 14

<Insert Figure 1 about here>

4Note that we restrict our sample to those with positive hour from either the manager or the team, so
if a job stop completey for some reason (i.e. waiting for the client’sdecision, etc.), it is excluded from our
analysis because that is not relevant to the choice of manegerial inattention.
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In Figure 2, we plot the average number of hours that managers spend on a job
against the rank of the job in terms of hours. For instance, the jobs to which the managers
allocate the most attention (rank=1) occupy about 20 hours of their time per month and
the 2nd jobs are about 12 hours, and so on. This figure displays that managerial hours
allocated to jobs exponentially decrease in the hour rank of jobs. Only jobs that are

ranked sixth or higher receive meaningful hours spent by managers in the firm.

<Insert Figure 2 about here>

5 Econometric Specifications

To recall, the main goal of our empirical analysis is to examine the effect of job progress,
information friction, and manager’s workload on outcome variables, namely manager
hours, team hours, team size, and manager’s hours as a share of team hours. We describe

the econometric setup for each of those three analyses below.

5.1 Effect of job progress

On the effect of job progress on team size of and its manager and team members” hours

spent on job j in a given month ¢, we use the following regression as our baseline setup:

Yjt = B+ Bit-progress;_i+ th,pmgress?t_l +v,In(Tenurej;) +v,In Rev; + ¢;+e€je, (7)

where y;, is the outcome variable, In(M anager Hour;;+1), In(TeamHourj+1), In(TeamSize -+
1), or In(Manager HourSharej, + 1) . ¢,

J
type fixed effects, and ¢, is the error term that is clustered by job type and year. Us-

is a vector of manager, industry, and job-

ing t_progress;;_;, our regression amounts to examine the effect of the job progress
accomplished in the previous month on the outcome variables. The pre-determined
t_progressj;_1 also helps to avoid contemporaneous correlations between the error term
and job progress. We add a value of 1 to raw value of those variables with logarithm be-

cause their raw value may involve zeros. Regression (??) enables us to see the evolution
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of time spent by the manager, her team, and time size as a job progresses. In this and

other regressions, we treat In(7'enure;;) and In Rev; as control variables.

By industry practice, the contract pre-specifies the starting date of a job before a de-
sign team is compiled because that is often determined by client needs. However, the
ending date of a job is correlated with the characteristics of manager and/or his team;
hence t_progressj,_; and its squared term in (??) are endogenous. For instance, omit-
ted variables such as the changing composition and quality of the team members may
affect both the time of job completion (and hence ¢_progressj,_;) and our outcome vari-
ables. To correct the endogeneity of t_progress;;—, and its squared term, we follow the
procedure proposed by Wooldridge (2010, p. 939). Specifically, we use an "extended”
version two-stage-least-square (2SLS) regression to estimate (??). The procedure out-
lined in Wooldridge (2010) requires the generation of predicted values of ¢_progress;,_;
and the squared term of the predicted values as the instrumental variables for the orig-
inal variables as the first step. To accomplish it, we obtain the predicted values of

t_progressj,_,by estimating the fractional probit function (Wooldridge 2010, pp.750-751):

E(t_progress;i—1|x,z) = ®lagin(Tenure;) + aslnRev; + Az, (8)

where x is the vector of the included variables in (??), In(Tenure;;),In Rev;, and z are
the excluded variables. The second step is simply to use the standard 2SLS to estimate
(??) by treating the predicted values of t_progress;;_, and its squared term as instruments

for t_progress;;_y and t_progress3, | respectively in the base-line regression (2?).

The excluded variables, z, in the fractional probit model (??) take advantage of the

exogenous nature of the starting date of job j. They are:

* InactiveFirstThree;: a categorical variable representing the number of inactive
month (identified in data as no labor input from anyone) in the first three months
after job j’s start date. The inactivity is typically caused by unanticipated situa-
tions of the client, licensing, or other administrative issues. The longer the initially
inactive period is, the more likely there are idiosyncratic problems and issues that

may slow down the job progress.
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e StartYear;, StartMonth;: two dummy variables representing the start year and
start month of job j. Certain years may experience external shocks (e.g., govern-
ment policy, occurrence of natural disasters) while certain months may have fewer
working days because of national and regional holidays. These percularities may
impact the formation of the team and the manager’s initial, important tasks of

delegation and coordination effort.

¢ For each job in each month except the first month, we calculate DayStart;;_, -
the number of days to the end of the previous month since start - by using the
tirst day in the next month minus the start date (e.g., if a job starts in June 15th,
then the DayStart;,_; in June is calculated as 15 days). Other things (e.g., job size,
manager’s experience) constant, a job that has an earlier starting date logged more

days of working ought to have an earlier ending date as well.

Notice that our data unfortunately lacks a job’s completion date stipulated in the
original contract - if any - that the firm signed with its clients. The fractional probit in
(??), nonetheless, provides an useful way to estimate the expected job progress and thus

the date of job completion.

As discussed in Wooldridge (2010), it is incorrect to directly use the excluded vari-
ables in estimating (??) by conventional 2SLS. This is because the endogenously variable
t_progressj;_1 is not linear but has a range of [0, 1]. As such, the step of generating its pre-

dicted values as an instrumental variable becomes necessary.

5.2 Effect of information friction

We add C; and Prox; to the base-line regression (??) to examine the effect of information

friction:

yjt = By + Bit_progress;i—1 + ﬁQt,progress?tfl
+ B5C5 + B,Cj - t_progressi—1 + BsProx; + BgProx; - t_progress;j;_i
+ v In(Tenurej;) + voln Rev; + ¢, + €5, (9)
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To estimate (??) by 2SLS, all terms involving t_progress;;_; are instrumented by its
predicted value from estimating (??) and its derived terms in the information friction
regression. We again follow the procedure proposed by Wooldridge (2010, p. 939) as in

the previous subsection.

5.3 Effect of managerial workload

To examine the effect of managerial workload, we add NoJobj; to the base-line regres-

sion (??) above:

Yjr = By + Bit_progress;_1 + ﬂztprOQTBSSJQ»t_l
+ B.In(NoJobj) + SgIn(NoJobj) - t_progress;i_i
+ viIn(Tenurej;) + v,In Rev; + ¢j + €5, (10)

In addition to ¢_progress;, and its squared term, NoJobj; in (??) is also endogenous.
To see this, the manager’s workload may be affected by unobserved firm-specific or job-
specific factors (e.g., availability of certain type of specialists) that impact the outcome
variables of time spent and team size as well. To correct this, we use NoReC}, ("re-
peat client”) and its previous month’s counterpart, NoReC;_, as the two instrumental
variable for NoJob;, in the 2SLS regression to estimate (??). We explain our rationale
as follows. The firm implements the policy of assigning the return clients to the same
manager, whenever possible. The number of jobs coming from repeat customers in-
creases a manager’s workload and hence satisfies the relevant condition. At the same
time, this pre-determined rule of job assignment removes the concern over the corre-
lation between NoReC;; and NoReC);_; and unobserved firm-side factors embedded in

¢;1.1> Endogeneity concerns can also arise due to unobserved client-specific factors. For

To verify the assignment policy in our data set, for each repeat client that has positive revenue, we
calculate the share of revenue assigned to the manager that gets assigned the most. Across the 2392
repeat clients, the average revenue share of the most assigned manager is 77.9%. We believe the actual
number should be higher because we do not have information on the identity of clients earlier than our
data period. This implies that some of the clients in our data set may be repeat clients as well but we do
not have the information. In any case, the high percentage of re-assignment shows the strong tendendy
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instance, a client may have a preference toward working with the manager who pre-
viously worked with him. Such client preference not only leads the client to re-order
but may also affect manager and team hours. To mitigate this problem, we exclude
the observations of the repeat client in the month when the client re-orders a job(s) in
that month. This ensures the excluded restriction is satisfied. Its operationalization and

example are described in the data and measurement subsection above.

To estimate (??) by 2SLS as prescribed in the Wooldridge procedure (2010, p. 939),
we obtain the predicted values from the fractional probit model but with In(NoReC}, +
1),In(NoReCj;_1 + 1) as the additional variables in (??). Then the endogenous variables
are instrumented by In(NoReC}; + 1), In(NoReC};_; + 1), the predicted ¢_progress;,_, its
squared term, and its interactions with In(NoReC};, + 1) and in(NoReCj,_1 + 1).

6 Main Result

In this section, we review in turn the results on time trend of job progress, the effect of

information friction and workload, and their robustness checks.

6.1 Time trend of job progress

Table 2 shows the result of predicting job progress obtained from the fractional probit
regression in (??). Despite the effect of an inactivity for the first month after the start-
ing date is positive (estimate=0.037) on job progress, the further delay in a job’s starting
leads to increasingly slower job progress (estimates are -0.052 and -0.082 for two and
three months delay respectively). Jobs starting earlier, having smaller revenue, or man-
aged by more senior managers show faster progress. A majority of the start year (7
out of 13) and start month (6 out of 12) dummies are statistically significant at 10% or

smaller.

<insert Table 2 about here>

of following the assignment policy. We also find that exceptions to this policy are more likely when the
revenue of a job from a repeat client become higher. A simple regression shows that an unit increase in
log revenue decreases the average revenue to the most assigned manager by 2.7%. Another exception is
when the manager who handled a previous client is about to retire.
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Table 3 shows the key results of estimating (??) on time trend in terms of job progress.
16 Columns 1 and 2 look at manager and team hours while columns 3 and 4 look at team
size and manager’s time as a share of team hours, respectively. The positive coefficients
of t_progress;_, and the negative coefficients of ¢_progress?, ; in columns 1 and 2 on
manager and team hours imply their inverted U-shape relation with job progress. That
is, their hours initially increase but decrease after reaching a peak. In other words, the
manager and the team concentrate their effort ex ante on coordinating and organizing
tasks. Ex post, the manager the team decrease their involvement in the execution stage.
The result on team size in column 3 shows a similar pattern. Interestingly, and in con-
trast to the first three columns, the result in the last column shows that the manager’s
share of involvement has an U-shape relation with job progress. This implies that the
manager spends more effort relative to her team both ex ante and during the final stage
of the job. Task coordination and delegation by the manager when the job starts is obvi-
ously important. The manager’s share of time also goes up toward the time when the job
concludes; however, it has little economic significance during the job conclusion stage
in our architectural context. This is because the team and the manager both spend very
little time at the final stage. The manager’s increasing time share closer to its completion

merely shows her formal role in terms of signing off the job.17
<insert Table 3 about here>

Using the results obtained from Table 3, we plot their time-trend graphs by assuming
the control variables at their mean values. Figure 3 visually shows how the four outcome
variables evolve as a job progresses from its start to its completion. The first graph shows
that a typical managers starts a job with relatively plenty of time - 4.5 hours in a month.
Their time increases to the peak at about 20% into the job, but then it monotonically

decreases to only 0.5 hour when the job concludes. The second graph shows a similar

16Column 1 in Table Al in the Empirical Appendix A shows the corresponding first-stage results. The
coefficients of the predicted values of job progress and its squared term show high statistically signficance.
Tables A2 to A8 in the Empirical Appendix include the results of first-stage regressions of other analyses
in this section on Main Results.

7Table A9 in the Empirical Appendix in the appendix has the results on time trend with the inclusion
of only t_progress;;—i but not its squared term. Those results show that the marginal effect of job progress
on all the four outcome variables is negative. Unlike the main regression in (??) that also includes with
the squared term of job progress, the coefficient of the linear term of job progress on the manager’s hour
share in column 4 is not statistically signficant.
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time trend of her architect teams: team hours start with about 100 hours per month, peak
at over 135 hours just before the 40% mark, and then monotonically decreases to about
20 hours when the job completes. Similar to team hours, team size in the third graph
follows a similar inverted-U shape with the maximum size of just under six members at
the 40% job mark. The fourth graph shows the managers’s share of time are the highest
in the initial stage to organize tasks and the conclusion stage to sign off of jobs. The
overall patterns in Figure 3 reaffirm the view that, managers generally devote most of
their work time on architectural jobs to ex ante coordination and task delegation whereas

their teams focus on execution during the middle stage.'®
<insert Figure 3 about here>

On our two control variables. First, larger jobs - measured by pre-determined rev-
enue Rev; - have a large positive scale effect on the manager’s (estimate=0.477) and team
hours (estimate=0.969). That larger jobs have bigger teams is intuitive too. Due to more
team hours and larger size, the share of the manager hours to team hours inadvertently
decreases as jobs become larger. Second, the seniority of the managers has opposite ef-
fects on managerial and team involvement. Column 1 shows that more senior managers
spend less time on their jobs (estimate=—0.177) by having larger teams that spend more
hours. These may be explained by the facts that more senior managers have other inter-
nal administrative tasks such as committee work and/or a bigger role to prepare future

managers through delegation.

6.1.1 Time trend of knowledge intensive jobs

As we mentioned in our introduction, the key features of knowledge-intensive work
is its non-repetitive, intangible nature. In architectural jobs that require high creativity,
one would expect that the involvement of the manager and the team should be higher,
especially in the beginning. The more creative types of jobs in our contexts are plan-

ning and development, schematic design, and design development, whereas the less

8Table A1 in the Empirical Appendix in the appendix has the results on time trend using the observa-
tions where ManagerHour;; is positive. The results show that the decreasing time trend is holds as well
as that when the samples include the months when the manager does not spend any time.
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creative types are construction documentation and construction supervision. We clas-
sify the jobs in the first category as “"knowledge-intensive” jobs and the second category
as "less knowledge-intensive” jobs. To examine the difference in job progress, the base-
line model includes a dummy variable KnowlInten; of the two job categories, where
KnowlInten; = 1 for knowledge-intensive jobs and 0 otherwise, and its interaction with

t_progress;,_; as the following:

Yjt = By + Bit-progress;_1 + th,progress?t_l—k
KnowlInten; + KnowlInten; x t_progressj_1+

Yin(Tenure;;) + voIn Rev; + ¢j + €, (11)

Table 4 shows the regression results of (??). The positive coefficients of the dummy
variable KnowlInten; in columns 1, 2 and 3 imply that manager hours, team hours, and
team size are all increasing in knowledge intensive jobs when they start. The negative
coefficients of the interaction term in the first three columns means the value of the
three dependent variables decreases after reaching a peak as jobs progress. These two
results support the view that both the manager and the team concentrate their attention
in the initial stages on task definition, coordination, and assignment for highly creative
jobs. The fourth column shows the difference between the two categories of jobs is
not statistically significant for the manager’s share of hour spent. Other explanatory

variables in (??) have the same directional effects as those in the base line model in (??).
<insert Table 4 and Figure 4 about here>

Figure 4 plots the respective four graphs. The first one shows that the typical man-
ager actually spends more time on knowledge-intensive work throughout the job. Her
team, on the other hand, spends more time for the first half of jobs on knowledge-
intensive jobs than on the less knowledge intensive ones. This implies that knowledge-
intensive jobs are generally more effort demanding and coordination intensive. These
provide evidence showing the importance of ex ante managerial coordination and task

assignment among a team of specialists when work involve less well-defined tasks but
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more imagination (Drucker 1999). That the first graph shows the convergence of man-
ager time across the two categories of jobs further confirms the nominal role of signing

off at the end by managers, as we indicated in Figure 1.

6.2 Time trend of information friction - common clients and proximity

of job sites

This subsection covers the results of using common clients and job proximity as mea-
sures of (lack of) information friction. With two additional explanatory variables - C';;
and Proz; - in the outcome regression in (??), the Wooldridge procedure requires their
inclusion in the fractional probit model in (??) as well. Table 5 shows the results. Nearby
job sites correlate with slower progress (estimate=—0.004) whereas common clients who
have multiple concurrent jobs under the supervision of the same manager correlate
with faster progress (estimate=0.014). The counter-intuitive effect of proximity on job

progress, however, disappears once we use quarterly averages in the next subsection.

Table 6 shows the results of the outcome regression of the 2SLS specified in (??). As
the two measures of (lack of) information friction, it is soothing to see common client and
proximity show the same directional effects. Both variables yield negative main effects
but positive interaction effects in the first three columns on manager hours, team hours,
and team size, but positive and negative main and interaction effects in the last column
on manager time share. These results are intuitive. As information friction becomes
smaller when the client has more jobs being handled by the manager or when the job
site is closer to the firm, employees in the firm can economize their effort and labor ex
ante. In other words, only when the client is new or the job is faraway, the manager
and the larger team spend their limited attention on ex ante information acquisition,
coordination, and task delegation. With same range of [0, 1] of the two variables, we note
that common client has larger main effects while job proximity has larger interaction
effect (except that the magnitudes on manager hours’ interaction are very close). On the
manager’s time share, except the negative interaction effect of proximity is statistically

significant, the other three coefficients on information friction are not.

<Insert Tables 5 and 6 about here>
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Using the results in Table 6, we plot the corresponding graphs in figure 6 by distin-
guishing between jobs that have higher versus low information friction. High and low
information friction is constructed by letting C;; and Proz;, respectively, one standard
deviations below and higher than their means. The first three graphs show, respectively,
more manager and team hours and larger team size occur in the first half of those jobs
for whose information friction is high. This supports the view that more ex ante work
is needed due to a lack of information. Although the last graph shows a difference on
manager hour share, the difference between the two curves are not statistically signifi-

cant.

<Insert Figure 5 about here>

6.2.1 Robustness check - quarterly average and job fixed effects

We conduct two sets of robustness checks. First, by replacing ¢;, job fixed effects are
used. This eliminates any endogeneity caused by correlations between time-invariant
job, manager, or team characteristics and the error term. Table 7 shows the fractional
probit regression where the effects of the remaining time varying variables are quali-
tatively the same as in Table 6. On our outcome regressions in Table 8, The main and
interaction effects of common client in the second stage are also similar as those obtained
from the original regression in (??). The two coefficients in the last column on common
client turn out to be statistically significant: the manager spends more time in ex ante

coordination when there are more jobs coming from repeat customers.
<Insert Tables 7 and 8 about here>

Second, given rational inattention, manager and team hours may not be smooth
moving from one month to another during a job’s duration. If so, it is more suitable to
use a quarterly average of the outcome variables. Tables 9 and 10 show the job progress
prediction and the second stage results respectively. Again, the results are qualitatively
similar to those obtained from the monthly regressions in Tables 9 and 10. Notice that
the negative effect of job proximity in Table 9 becomes tiny and is no longer statistically

significant.
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<Insert Tables 9 and 10 about here>

6.3 Time trend of workload

We turn to our results on the effect of the manager’s workload in this subsection. Table
11 shows the results of using the fractional probit model to generate the predicted value
of t_progress;,_1.The negative estimates of In(NoReC; + 1) and In(NoReC};_ + 1) mean
that the more jobs the manager received from repeat clients in recent months, the slower
the job progress is. This is because jobs from repeat clients assigned by the company

rule increases the manager’s workload which in turn hampers job progress.

The first stage results of estimating the workload regression in (??) are shown in Table
A4 in the Empirical Appendix. The estimates of the two variables on repeat clients
yield high statistical significance and hence their relevance. The second stage results
in Table 12 show negative main effects on In(No.Jobj;;) across the first three columns.
This indicates that the manager and the team spend less time ex ante under heavier
workload. The positive interaction effects show the manager and her team only make
up their time as the job progresses toward its completion. The main and interaction
effects of manager hour share in the last column are positive and negative respectively,

but the coefficients are not statistically significant.

Figure 6 plots the graphs using the 2SLS workload results. High and low levels are
constructed by letting In(NoJob;;) one standard deviations higher and below than their
means respectively. The first three graphs show that the curves of manager hours, team
hours, and team size in higher workload managers under the low workload scenario
are all dominated by the curves drawn under the high workload scenario. As such, high

workload inevitably slows down job progress in general.

<Insert Tables 11, 12, and Figure 6 about here>

6.3.1 Remarks on the synchronization of manager and team hours

We have seen the general pattern of the concentrated effort of managers and their teams

ex ante and the decreasing involvement of both the manager and the team afterward.
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This similarity is particularly notable on the effect of workload in Table 12. With the log-
log formulation of our regressions there, the marginal effect of In(NoJob;;),or workload,
on manager hours is essentially the elasticity of workload on manager hours:

OIn(MHj;+1
WJ]OZ;)) =Ny = —0.262 4+ 0.310 - t_progress;;_i.

Similarly the marginal effect, or elasticity of, workload, on team hours can be ex-
pressed as:

&In(TH,+1)

Oln(NoJobj) =Nru = —0.283 +0.352 - t*progressjtfl-

The estimates of the main and interaction effects between manager and team hours
are very close. Indeed, the t-statistics obtained from the tests on whether the main effect
and interaction effect of workload are the same between manager and team hours yield
p-values of 0.076 and -0.136 respectively. As such, we cannot reject the null hypotheses
at the 5% level. Then statistically speaking, n,,; = 7y at any given moment in the
job process. That is, a change in managerial workload leads to the same proportional
changes in both manager hours and team hours. This synchronization of hours adjust-
ment shows that managers’ inputs on coordination and task allocation are essential for
the team members to work on their tasks. The manager’s workload not only strains her
attention but also prevents her team from making progress. This finding matches our
institutional setting in which internal or external labor supply of architects is rigid, at
least in the short run. As a result, a shock of increased workload to the manager causes
the same proportional increase of workload to the team, which in turn forces the design

team and its leader to adjust their attention in a synchronized manner.

6.3.2 Robustness check - relative workload, quarterly average, and job fixed effects

We conduct three sets of robustness checks for the workload regressions using (i) relative
workload as an alternative measure of workload, (ii) job fixed effects, and (iii) quarterly

average of the outcome variables.

First, we construct the ratio of between number of jobs and the average number of

jobs across months in last year as “relative workload” or RelNoJobj;. Using the same
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approach for NoJobj;, the logarithm of relative workload variable, In(RelNo.Job;), is in-
strumented by the two “relative repeat client” variables, In(RelNoReC';;+1) and In(RelNoReC';;_1+
1). The relative repeat client variable is the ratio between the number of jobs from repeat
clients, NoReC};, and the average monthly number of jobs in the previous year. Results
in Tables 13 and 14 on the prediction of job progress and the 2SLS for the main regres-
sion respectively are all qualitatively similar to those obtained in the original workload

regression in (??).
<Insert Tables 13 and 14 about here>

Second, using job fixed effects yields similar results on the effect of workload on pre-
dicting job progress and the four outcome variables. Tables 15 and 16 show the results.
Lastly, quarterly averages also continue to generate robust results, as seen in Tables 17
and 18.

<Insert Tables 15, 16, 17, and 18 about here>

7 Economic significance

Our theoretical model predicts that managerial attention optimally balances ex ante and
ex post coordination. Deviations - both upward or downward - from optimal time spent
reduces profitability. Labor cost and related incidental costs (e.g., travel expenses) are
arguably the most significant portion of variable cost in knowledge work in modern
companies. The difference between gross revenue of a job, which is predetermined, and
its variable cost is known as the contribution margin. The contribution margin is an
important measure of short-term profits for the firm. If the model successfully captures
a significant part of the desired balance in manager’s time allocation, time deviations
by the manager should reduce the contribution margin of the design jobs under her

supervision.

We use model 1 in Table 6 to calculate predicted hours, Manager H our;,. We then

define the difference between the observed and the predicted hour as
HourDif f; =3, (ManagerHourjt — ManagErHourjt) ,
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We transform HourDif f; by using the following logarithm function to reduce its

dispersion so as to fit into an affable figure:

Inz+1 r>1
g(x) =<z —-1l<zr<l,

—(In(-z)+1) z< -1

where g (z) is continuous at x = £1. Denote FlatHourDif f; = g (HourDif f;) We
then run the following regression, including quadratic and cubic terms of Flat Hour Dif f;,

to estimate the nonlinear effects of hour difference:
InCost; = B, + 22:1 81 FlatHourDif ff + 35 In Rev; + Industry; + JobType; + €;,

where Cost; is the variable cost of job j. Figure 8 plots the implied polynomial curve
using the estimated values of 3, ;. It shows that both “under-run” and “over-spending”
of time with respect to our predicted manager hours are associated with higher cost-

revenue ratio (and hence short-run profit) than under our predicted hours.
<Insert Figure 8 about here>

To calculate absolute value of hour deviations from prediction at job level, we use

the following formula:
HourDeviation; = )_,|Manager Hourj, — ManagETHourjt |.

Moreover, we differentiate between over-run (i.e., when the observed number of
hours is higher than the predicted number of hours) and under-run (i.e., when the ob-

served hours are smaller than the predicted ones) respectively as:
HourDeviationOver; = ), max (ManagerHourjt — ManagAerHourjt, 0) ,

and
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Hour DeviationUnder; = ), max (ManagErHourjt — Manager Hour j, 0) .

Then we estimate the regression in which the cost-to-revenue ratio is a primary mea-

sure of job performance:

1n<c"5tﬂ'> = ag + ailn Hour Deviation; + azIn Rev; + ¢, + e;.

Rev;

We also use the logarithm value of the original cost, In(Cost;), as an alternative
dependent variable. Using the OLS regressions, Tables 19 shows the correlation be-
tween hour deviation and profits. Both columns show high positive correlation be-
tween manager hour deviations and costs. We repeat the regressions including both
HourDeviationOver; and HourDeviationUnder; as independent variables in Table 20,
which show the detrimental effects of of over-run and under-run. In unreported regres-
sions, we further confirm that hour deviations are correlated with higher cost and cost-
to-revenue ratios even when we exclude manager’s costs from the total costs incurred

by the team.

To investigate how hour deviations affect team hours, we run two OLS regressions.
Table 21 reports the results. We find that higher team hours correlate with both under-
and over- deviations. On the one hand, it is intuitive to understand over-runs by both
the manager and the team. On the other hand, the under-run result implies that a lack
of manager involvement is substituted by higher team involvement. Note that our pre-
vious finding on the synchronization between manager and team hours is caused by
the rigidity of labor supply at a given point of the job progress. In contrast, the analysis
about hour-deviations can be considered as a “total” effect because monthly hours are
aggregated to the job level. The under-run result implies that a lack of the manager’s
involvement to coordinate aggravates the progression of the job; hence, the team has to

compensate more hours for its manager’s under-run.
<Insert Tables 19, 20, and 21 about here>

Since the above analysis is conducted at the job level, one concern is that job-level
shocks may drive both hour deviations and variable costs. To alleviate this concern by
averaging out job-level shocks, we further aggregate revenue, costs, and hour devia-

tions across jobs for each manager-year pair. For those jobs spreading across years, we
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use the proportion of days that within each year to split their revenue and variable cost.
For example, if a job starts in the middle of a year and ends in the middle of the next
year, then its revenue and costs are split half and half in each year. The results of those
regressions are reported in Tables 22 and 23. Although some estimates are weaker due to
the smaller sample size, the overall patterns are similar. For instance, absolute hour de-
viations, and over-run and under-run are still statistically relate to higher cost (columns
2 in both tables).

<Insert Tables 22 and 23 about here>

8 Conclusion

TBC.
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9 Mathematical Appendix

9.1 Optimal time allocation.

[To be cleaned up a bit] Denote kP (tys, tr) = Amﬁp and h¢(ty,tr) = A

pP(1—p)t=

Optimizing Q — L over t¥;, t§; we have that

Ml_(a+ﬂ+7)ah1<t]\Df,tID—‘*)% — Ay
O ) S = A

Similarly, optimizing Q — L over t£,t£ and ¢S, we have that

—(«x * * Q
S Dan(ify, ) = g
—(x * * Q
@By py (155 1S )@ = A\
o Q
[t +/3+v)5h2E@ = A7
We further have that
1 p ALY 5P
et = ET S
1 VALY v
1t tr) vV (1 —v)=v
and .
1 (1 —p)Atht "
B (tyr,tr) = ML
) =
from which b
hy(ta,tr) _ p tr
hé)(tM,tT) 1 — ptM
hS (tar, tr) _ v tr
hg(tM,tT> 1-— UtM
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From the FOC wrt to t§, and %, k = C, D, we must also have that

Mt t7) _ Am
h5(thy th)  Ar

it follows that at the optimum

t7r _ (1—pur _
t]\Df pAT

and
tg* (1 — U)/\M

= ————— = K¢
tgf U)\T

Substituting t%* = k;th, | = C, D, in (2?) and (2?), we obtain

DD+ Dx\ __ D p 1—p _ AD A\
hy (tyr,t77) = A W(K@) r=A (E)
hC(tC* tC*) — AC v (K/ )1711 :AC )\_M !
1 \lars by —UU(l Ty c N
and
]’LD(tD* tD*) _ AD 1 1 - P _ AD (1 - p) ( pAT >P _ AD (_
2 pe(1—p)t=r K, pr(1=p)t=> \(1 = p)Au

From the FOC wrt to t£, and t§;, we further have that

PP(EEr 1R 7 QP
RS )~ a Qe

from which

QD aAD <)\M)P—U

QC ~ HAC \ A\

From the FOC wrt to ¢}, and ¢, we have that

Q
Q°

Q
QF

vhs (857, 157) 55 = Bhy
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or still

1-v) Q Q
AC( Y 5AE—
v Sg QC QE
or still .
’)/AC < M) QC
W - @
Moreover, from the FOC, we know that
C C* Q
vh (ta1 )@ = Au
from which
Oc = 1 fyACU(sc)l_”: 1 yACY (1 =0\ "
v (1 — )tV AM (I—=v)t=v Ay VAT
B AC L v L 1—UQ
- 70w s
or still
1 v 1 1—v
= ~AC [ — —
Q = ~ (m) (A) Q
oo (AN (N
Qv = oA ( ) () e
and
"R G
~AC </\_T)U Am A1
Am
_par,
=
Hence,

Q = Ml—(a+ﬁ+7) . (QD)a (QE)B (QC)’Y

e (o (Y Q) o () () 2
(kB <aA ()\M v Q e Q" ~A o jw



or still
“=p| aAP [ — — AF — A — —
o= (a ()\M) <>\T) ) (ﬁ AT) ! (AM) (AT)
Note that if p = v, then this is equal to

oty

p 1—p\ 1-(a+B+7) o % v
Q" =p- i L (QAD)W 5AEL 1 (+B+)(7AC)W
AM A A1

1-8 5

1\"/1 1=p\ 1T-(atB+7) N 1\ = L

Qc = A ((m) (/\_T> > L (aAD) 1=(a+h+7) <5AE>\—T> ! (’)/AC) T=(a+5+7)
1 P 1 1—p 1—(i1g+v) . 1 % L

o o ()] )

1

1-p
E p 1-p\ 1-(a+B+7) o % ~
Qrp = &M' 1 1 (aAD)W 5AEL e (VAC)W
A A A A7

9.2 Project-dependent delegation ratio p

In our set-up, the manager is assisted by a team of workers in coordinating tasks both
ex ante (in the early stages of the production process, specifying and delegating tasks,
and planning their coordinated execution) and ex post (responding to unforeseen con-

tingencies and changing circumstances), using the production function

th N7/ th O\
Ak<ﬂ) ( T ) withk =D, C
p L—p

Intuitively, the ability of the manager to “"delegate” part of her managerial responsi-
bilities may depend on a number of circumstances. In our empirical contest, we are par-
ticularly concerned with the role of “common projects” and “distance”. While proposi-

tion 1 assumes that p is independent of both z. (the variable capturing common projects),

41



the manager may be less able to do so when projects involve common clients. Intuitively,
the relational nature of multilateral contracts (Argyres et al. 2020) and the increased
need of centralized coordination (Dessein et al. 2022) may make it more difficult for
the manager to delegate such coordination activities to senior workers. Thus, it seems

reasonable to assume that p is increasing in x. implying that

_th (A= p)Au
th PAT

is decreasing in z.

Similarly, for larger projects, it may be easier for a manager to delegate a larger frac-
tion of ex ante and ex post coordination (e.g. it may become feasible to have an assistant
manager, or senior worker, who becomes second in command). So one might conjecture

that p is decreasing in project size .

Assumption 1 It is more difficult for a manager to delegate ex ante and ex post coor-
dination to subordinates when projects have (i) common clients (ii) projects are
smaller:

dp ap
o, > (0 and @ <0

To differentiate our results from Proposition 1, we will further assume that s is small,

so that
NG 1k L—p
Qr ~ Ay (ﬂ) < z ) with k=D, C
p L—p

Note that for s = 0, the comparative statics in Proposition 1, (2)-(4) disappear. Proposi-

tion 2 should therefore be seen as complimentary to Proposition 1:

Proposition 4. Assume s is small and Assumption 1 holds. Then an increase in x. or —
increases the relative involvement of the manager but more so ex ante than ex post: t},/t', t3,/t?

and t}, [t — t3,/t* are increasing in x¢ and —pu.

Proof: We know that

ta/tr =



When s = 0, we further have that

t?\/f/t% - 1

which can be simplified to

R
(L=p)y+BAu’

which is increasing p and otherwise independent of z,, =, or ;. Finally, we have that

p(L=p)y+8)— (1 —=p)py Ar
(L=p)(L=py+8) Au
pB Ar
(L=p) (L =p)v+8)Au

th/tr — th/tr =

which is also increasing in p, and otherwise independent of z;, x4 or u.
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Note: The figure plots average number of jobs allocated positive time, conditional on
number of jobs under management. The fitted curve is estimated from a nonparametric
kernel regression.

Figure 1 — Number of jobs with positive attention and number of jobs assigned
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Note: The figure plots average number of hours spent on each job, conditional on rank
in terms of hours.

Figure 2 — Average attention conditional on rank of job
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Fitted curves against ¢_progress;,—,. Control variables are taken at mean.

Figure 3 — Time trend of hours
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Note: Classification by job types. Knowledge intensive types include Planning &
develop management, Schematic design, and Design development. Less knowledge
intensive types include Construction documentation and Construction supervision.

Controls are taken at mean.

Figure 4 — Time trend of hours by job types
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Curves of high (low) information friction are calculated by letting C;; and Proz; one
standard deviation lower (higher) than their means. Controls are held at mean values.

Figure 5 — Time trend of hours by information barriers
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Curves of high (low) workload are calculated by letting In NoJob;; one standard
deviation higher (lower) than then its mean. Controls are held at mean values.

Figure 6 — Time trend of hours by workload
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Note: The figure plots the polynomial implied by the estimated values of 3, .
Benchmark hours are predicted from 2SLS model.

Figure 7 — Fitted curve between cost-revenue ratio and flatted hour difference, 2SLS
model
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t_progress;i_i t-value

InactiveFirstThree; =1 0.035 3.326
InactiveFirstThree; = 2 -0.055 -4.597
InactiveFirstThree; = 3 -0.084 -7.094
In DayStart;,— 0.688 291.431
C; 0.014 6.333
In Prox; -0.004 -2.028
In Rev; -0.236 -95.685
In T'enure; 0.211 16.248
Model Fractional Probit
No. Obs 61873
Pseudo R? 0.196
Fixed Effect W+I+]+Y+M
No. of Start Years 13
No. of Significant Start Year Effects 7
No. of Start Months 12
No. of Significant Start Month Effects 6

Note: Start year or start month effects are regarded as significant if p-value is lower
than 0.1. Cj;, In Prox;,In Revj, In T'enure;, are standardized to have zero mean and unit
standard error.

Table 5 — Predict job progress for information friction regression
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t_progress;_1 t-value

In DayStart;;_ 0.924 281.379
C; 0.009 3.323
InT'enure;; 1.017 57.688
Model Fractional Probit
No. Obs 37955
Fixed Effect Job

Note: Due to computational reason, only jobs that have more than 12 observations
across time are included. Cj;, In T'enure;; are standardized to have zero mean and unit
standard error.

Table 7 — Predict job progress for information friction regression, job fixed effect
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t_progress;i_i t-value

InactiveFirstThree; =1 0.029 1.692
InactiveFirstThree; = 2 -0.079 -4.137
InactiveFirstThree; = 3 -0.112 -5.814
In DayStart;,_ 0.682 189.398
C; 0.011 3.106
In Prox; -0.003 -0.750
In Rev; -0.239 -59.483
In T'enurej, 0.234 10.976
Model Fractional Probit
No. Obs 24876
Fixed Effect W+I+]+Y+M
No. of Start Years 13
No. of Significant Start Year Effects 4
No. of Start Months 12
No. of Significant Start Month Effects 6

Note: Start year or start month effects are regarded as significant if p-value is lower
than 0.1. Cj;, In Proxz;,In Rev;, In T'enure;; are standardized to have zero mean and unit
standard error.

Table 9 — Predict job progress for information friction regression, quarterly average
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t_progress;i_i t-value

InactiveFirstThree; =1 0.038 3.539
InactiveFirstThree; = 2 -0.050 -4.184
InactiveFirstThree; = 3 -0.079 -6.547
In DayStart;,— 0.687 287.298
In (NoReCj; + 1) -0.010 -1.839
In (NoReCj—1 + 1) -0.002 -0.424
In Rev; -0.237 -95.011
In T'enure;; 0.210 16.056
Model Fractional Probit
No. Obs 60624
Pseudo R? 0.196
Fixed Effect W+I+]+Y+M
No. of Start Years 13
No. of Significant Start Year Effects 7
No. of Start Months 12
No. of Significant Start Month Effects 6

Note: Start year or start month effects are regarded as significant if p-value is lower
than 0.1. In Rev;, In T'enure;, are standardized to have zero mean and unit standard
error.

Table 11 — Predict job progress for workload regression
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t_progress;;_1  t-value

InactiveFirstThree; = 1 0.028 2.532
InactiveFirstThree; = 2 -0.062 -5.055
InactiveFirstThree; = 3 -0.089 -7.289
In DayStart;;_ 0.687 287.696
In (RelNoReCj; + 1) -0.051 -1.523
In (RelNoReCji_1 + 1) -0.026 -0.860
In Rev; -0.237 -94.952
InT'enurej, 0.210 16.070
Model Fractional Probit
No. Obs 60624
Fixed Effect W+I+]+Y+M
No. of Start Years 13
No. of Significant Start Year Effects 7
No. of Start Months 12
No. of Significant Start Month Effects 6

Note: Start year or start month effects are regarded as significant if p-value is lower
than 0.1. In Rev;, In Tenure;j; are standardized to have zero mean and unit standard
error. RelNoReC}; is the ratio between the number of repeat client in month ¢ and the
average number of jobs in the previous year.

Table 13 — Predict job progress for relative workload regression
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t_progress;,_i t-value

In DayStart;;_, 0.923 277.498
In (NoReCj; + 1) -0.019 -5.979
In (NoReCj—1 + 1) -0.009 -3.015
In T'enurej, 0.935 57.313
Model Fractional Probit
No. Obs 37211
Fixed Effect Job

Note: To include job fixed effects, only jobs that have more than 12 observations across
time are included. In T'enurej; are standardized to have zero mean and unit standard
error.

Table 15 — Predict job progress for workload regression, job fixed effect
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t_progress;i_i t-value

InactiveFirstThree; =1 0.034 1.990
InactiveFirstThree; = 2 -0.073 -3.830
InactiveFirstThree; = 3 -0.105 -5.471
In DayStart;,_ 0.681 187.238
In (NoReCj; + 1) -0.029 -2.076
In (NoReCj—1 + 1) -0.009 -0.713
In Rev; -0.239 -59.412
In T'enurej, 0.238 11.112
Model Fractional Probit
No. Obs 24742
Fixed Effect W+I+]+Y+M
No. of Start Years 13
No. of Significant Start Year Effects 4
No. of Start Months 12
No. of Significant Start Month Effects 6

Note: Start year or start month effects are regarded as significant if p-value is lower
than 0.1. In Rev;, In T'enure;, are standardized to have zero mean and unit standard
error.

Table 17 — Predict job progress for workload regression, quarterly average
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In 9% tyvalue In Cost; t-value

Rev;
In (HourDeviation; +1) 0.041  6.469 0.128  15.613
In Rev; 0.866  104.027
Fixed Effects W+I+] W+I4]
No. Obs 5480 5480
Adj. R? 0.177 0.899

Table 19 — Profit and predicted attention, 25LS model

In$2%  tvalue In Cost; t-value

Rev;
In (Hour DeviationOver; +1)  0.028  6.070 0.075  13.676
In (HourDeviationUnder; +1)  0.017  3.066 0.069  10.798
In Rev, 0.875  106.556
Fixed Effects W+I+] W+I+]
No. Obs 5480 5480
Adj. R? 0.177 0.898

Table 20 — Profit and predicted attention, over and under, 2SLS model

t-value In(TeamHour;+1) t-value

In (TeamHour; + 1)
In (HourDeviation;; + 1) 0.226 13.019
In (HourDeviationOver; + 1) 0.142 12.314
In (HourDeviationUnder; + 1) 0.220 16.351
In Rev; 0.831 47.095 0.796 46.414
Fixed Effects W+I+4] W+I+4]
No. Obs 5480 5480
Adj. R? 0.731 0.738

Table 21 — Team hour and predicted attention, over and under, 2SLS model

65



ln%i—f?tt t-value InCost; t-value

In (HourDeviation;; +1)  0.011 1.026 0.062 3.993

In Rev;, 0.933 62.331
Fixed Effects W+Y W+Y

No. Obs 1082 1082

Adj. R? 0.481 0.980

Manager and year fixed effects are controlled.

Table 22 — Profit and predicted attention, manager-year level

ln%"e—fftt t-value InCost; t-value

In (Hour DeviationOvery + 1) 0.003 0.386 0.026 2.676
In (Hour DeviationUndery +1)  -0.003  -0.376 0.024 2.300

In Rev;, 0.935 54.383
Fixed Effects W+Y W+Y

No. Obs 1082 1082

Adj. R? 0.480 0.980

Table 23 — Profit and predicted attention, over and under, manager-year level
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A Empirical Appendix

Fitted time trend of manager hour Fitted time trend of team hour

Fitted time trend of team size

Time progress

Fitted time trend of manager hour share

Time progress

Time progress

Time progress

Fitted curves against t_progress;;_;. Control variables are taken at mean.

Figure A1 - Time trend of hours, positive observations

t_progress;i_i t-value t,pmgressjzt_l t-value
t,progfessjt,l 0.966 57.132 0.126 6.410
t,prog;ess?tfl 0.054 2451 0.890 33.531
In Rev; -0.000 -0.087 0.004 1.802
InTenure;, -0.002 -0.453 -0.000 -0.090
Fixed Effect W+I+] W+I+]
No. Obs 61873.000 61873.000
Adj. R? 0.723 0.637
Standard error Cluster by job-year Cluster by job-year
Partial F stat 47167.481 23996.118

Table A1 - First stage results of job progress
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t_progress;j;_q

t-value

t_progress;;_i 0.993 58.251
t,prog;ess?tfl 0.047 2171
In Rev, 0.000 0.004
In T'enure;, -0.003 -0.690
KnowlInten; 0.057 9.694
KnowlInten; x t,progfessjt_l -0.131 -9.741

Fixed Effect W+I+]

No. Obs 61873.000
Adj. R? 0.724

Standard error
Partial F stat

Cluster by job-year

50378.202

Table A2 - First stage results of job progress, knowledge-intensity

t_progress;j_i t-value t_progress;j_1 t-value t_progressji_1 t-value
t,progfessjt,l 0.966 57.066 0.419 78.078 0.967 55.558
t,progress]?tfl 0.054 2.487 0.863 89.215 0.053 2.373
In Rev;, -0.000 -0.098 -0.000 -0.109
In Tenure;, -0.002 -0.445 -0.271 -22.416 -0.002 -0.425
Cj -0.010 -4.510 -0.003 -3.537 -0.012 -5.359
Cj x t,progfessjt,l 0.022 4.735 -0.001 -0.825 0.026 5.698
In Proz; -0.007 -3.019 -0.008 -3.706
In Prox; x t,pmg?:essjt,l 0.015 3.056 0.018 3.743
Fixed Effect W+I+] Job W+I+]
No. Obs 61873.000 37955.000 24876.000
Adj. R? 0.723 0.989 0.730
Standard error Cluster by job-year Cluster by job-year Cluster by job-year
Partial F stat 47299.743 73628.310 47407.299

The table shows the first stage results related to information friction. The first column
corresponds to the main result. The second set of results control for job fixed effects.

The third set of results use quarterly average.

Table A3 — First stage results of job progress, information friction



t_progress;i_1 t-value t_progress;i_1 t-value t_progressji_1 t-value
t_progressji_, 0.963 56.493 0417 76.351 0.966 55.295
t,progfessft, 1 0.057 2.595 0.862 89.570 0.053 2.399
In Rev; -0.000 -0.089 -0.000 -0.098
In Tenurej -0.002 -0.460 -0.248 -22.598 -0.002 -0.426
In (NoReCj + 1) 0.000 0.092 0.005 4.776 0.000 0.074
In(NoReCj 1 + 1) -0.000 -0.053 -0.005 -4.377 0.000 0.109
Fixed Effect W+I+] Job W+I+]
No. Obs 60624.000 37211.000 24742.000
Adj. R? 0.692 0.989 0.729
Standard error ~ Cluster by job-year Cluster by job-year Cluster by job-year
Partial F stat 46465.437 82327.014 46924.837

The table shows the first stage results related to workload. The first column
corresponds to the main result. The second set of results control for job fixed effects.

The third set of results use quarterly average.

Table A4 - First stage results of job progress, workload

First Stage In NoJob;; t-value

In (NoReCj, + 1) 0292  37.283
In(NoReCj_1 +1) 0271  36.189

t_progress;;_i 0.389 4.852
t,progfessgt_l -0.470 -4.708
In Rev, -0.049 -6.557
In (T'enure;;) 0.217 9.728
Fixed Effect W+I+]
No. Obs 60624
Adj. R? 0.692
Partial F stat 1486.111

Table A5 — First stage of workload regression
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First Stage In RelNoJob;, t-value

In (RelNoReCj; + 1) 2.749 28.852
In (RelNoReCj;_1 + 1) 2.362 28.726
t,progAressjt -0.067 -0.662
t_progress?, -0.281 -2.301
In Rev; -0.002 -0.159
In (Tenure;,) -0.742 -30.950

Fixed Effect W+I+]

No. Obs 60624

Adj. R? 0.330

Partial F stat 1486.111

Table A6 — First stage of relative workload regression

First Stage In NoJob;; t-value

In (NoReCj; + 1) 0.157  11.108
In(NoReCj_1 +1) 0156  11.978

t_progress;j;_i 0.189 2.564
t_progress,_, 0559  -6.166
In (T'enure;;) 0.896 11.638
Fixed Effect Job
No. Obs 37211.000
Adj. R? 0.853
Partial F stat 676.571

Table A7 - First stage of workload regression, job fixed effect
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In NoJobj; t-value
0.326 24.841

First Stage
In (NoReCj; + 1)

In (NoReCj;—1 + 1) 0.352 28.568
t,proéressjt 0.465 5.897
t,progAress?t -0.515 -5.365

In Rev, -0.046 -6.458
In (T'enure;;) 0.199 9.312
Fixed Effect W+I+]

No. Obs 24742.000

Adj. R? 0.714

Partial F stat 1381.046

Table A8 — First stage of workload regression, quarterly average
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