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Dr. Ron Jarmin
Associate Director
Economic Directorate
U.S. Census Bureau
4700 Silver Hill Road
Washington, D.C.20233

Dear Ron:

I am writing to support the Census Bureau’s efforts to update the Annual Survey of
Manufacturers (ASM) to include the collection of data on expenditure on robots. Over the past
several years I have been deeply engaged in research (through my affiliations with Case Western
and the National Bureau of Economic Research) and policy work (including appointments as a
Senior Economist on the Council of Economic Advisers and as the Chief Economist of the
Department of Commerce). 1 believe that robots may well represent the next wave of
transformative technologies, a wave that will dramatically alter the U.S. manufacturing sector.
This data collection is vital to understand these important trends.

A number of recent reports have highlighted the dramatic effect that industrial robots have
already had and will likely have in the future. For example, according to CEA’s 2016 Economic
Report of the President, robots have led to a 10% increase in economic growth. Moreover, CEA
reports that the number of industrial robots has doubled in recent years. However, the data used
by CEA, and other academic studies to date, is highly aggregated (country-2-digit industry code-
year) and all from the same source, the International Federation of Robotics. Collecting
establishment level data on robot expenditures would allow for replication of existing work, but
at the establishment and firm level.

The introduction of robots into the workplace likely has heterogeneous effects on the
workforce. In some cases robots likely substitute for labor, but in other cases robots likely
complement labor. Establishment-level data would allow for a close examination of the conditions
under which each happens, which may be useful to policy makers who could then design better
policies, such as better targeting funds for re-training.

In summary, I fully support having the next Annual Survey of Manufacturers include a question
about robot expenditures.

Sincerely,
UL #/JPM\

Susan Helper

Carlton Professor of Economics
Weatherhead School of Management
Case Western Reserve University
Cleveland OH 44106

(216) 368-5541
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February 15, 2017

Dr. Ron Jarmin

Associate Director

Economic Directorate

U.S. Census Bureau

4700 Silver Hill Road Washington, D.C. 20233

Dear Dr. Jarmin,

The Robotic Industries Association (RIA) is pleased to provide this letter of support for the
Census Bureau's collection of basic robotic use and expenditure data as part of the Annual
Survey of Manufacturers (ASM) and the Economic Census.

Robotics has already changed the world, but more fundamental change is clearly ahead. It is
much easier to see the outline of the eventual new world than to know how soon it will arrive.
We hear a lot these days about things like smart cities, smart mining, and smart farming. Let’s
remember that this all due to smart people. In the robotics industry, we take a perspective that
goes beyond technology for technology’s sake. We strive to understand the impact of our work
on people’s lives, and to make the world better instead of worse.

In order to gain this understanding, we need to have good data. While the RIA and its
international affiliate, the International Federation of Robotics (IFR), collect statistics from
robot manufacturers on the sales of robots into key industries, geographies, and applications, it
is also important to collect information from their customers. Currently, this is an area with
little visibility. The IFR estimates that some 230,000 robots are installed in the U.S. today, and
that number will continue growing. The U.S. Census Bureau’s implementation of the proposed
guestions would give us a new level of detail to analyze which type of firms are adopting
robots, which sub-sectors they do business in, and the impact robots are having on
employment.

Several of RIA’s 435 member companies are examples of how when companies improve their
competitiveness through the implementation of advanced robotics, they are saving jobs and
creating ripples of positive change and economic impact in their workplace and communities.
RIA’s parent organization, the Association for Advancing Automation (A3), has created a video
series called “Why | Automate,” which is dedicated to showcasing these companies’ stories and
proliferating their message. With the addition of basic robotic use and expenditure questions to
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the ASM and the Economic Census, we could dig deeper into which industries are benefiting
from robots the most, and more effectively drive employment growth in those sectors.

A great example of a company that has become more competitive through robotics is RIA
member, Vickers Engineering of New Troy, Michigan. A medium-sized prototype and
production supplier of CNC machining to automotive and other industries, Vickers had trouble
finding and keeping people to do dull and repetitive jobs. They tried robotics and discovered
that this saved the cost of constant hiring and retraining for positions people didn’t want.
Then, because of lower costs, improved productivity and greater product quality, they were
able to win business that they couldn’t win before. As a result, they hired more people than
they had before they started using robotics. Capturing basic data on robotic investments by
companies like Vickers Engineering would help us strengthen this message, which is why RIA
strongly supports the implementation of this proposal.

In summary, RIA supports the inclusion of the basic robot use and expenditure questions in the
next Annual Survey of Manufacturers and Economic Census. With the growing importance of
robotics and automation in our society today, we believe it is the right time to begin collecting
this type of information. Please feel free to contact me at jburnstein@robotics.org or (734) 994-
6088 if you have any questions.

Sincerely,

e Bt

Jeff Burnstein
President
Robotic Industries Association (RIA)
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January 18, 2017

Dr. Ron Jarmin
Associate Director
Economic Directorate
U.S. Census Bureau
4700 Silver Hill Road
Washington, DC 20233

Dear Dr. Jarmin:

| am writing to lend my support for the Census Bureau's collection of basic robotic use and
expenditure data as part of the Annual Survey of Manufactures (ASM) and the Economic

Census.

The Manufacturing Institute and the National Association of Manufacturers makes frequent
use of ASM and Economic Census reports to provide perspective on the critical issues facing
manufacturing with a special emphasis on understanding workforce needs, national and
international competitiveness. In this regard, use of robots and their impact remains an
area that is poorly understood due to lack of data.

Industrial robots are on the verge of revolutionizing manufacturing. A recent PwC study?
commissioned by The Manufacturing Institute shows that robots are becoming smarter,
faster and cheaper. We estimate there are 230,000 robots in the US alone and the forecast
is for increased use. Existing data show that advanced industrial robotics are widespread in
the automotive industry; and are increasingly widespread in other industries including food
and beverage, consumer goods, pharma and metals, amongst other. As their costs continue
to decline, robots are now within the reach of small and medium-sized companies. We
therefore expect robots to become increasingly pervasive. Simply understanding which
firms and industries are adopting and which are not would be useful in this regard.

The introduction of robots into the workplace has deep implications for workforce
composition, productivity, and wages. Some types of jobs, repetitive and dangerous jobs in
production lines and warehouses, are being replaced by the introduction of robots. At the
same time robots appear to be complementary to labor in many cases and also create
opportunities for other types of jobs. The same PwC report shows robotic-intense

! “The new hire: How a new generation of robots is transforming manufacturing” PwC in conjunction with
Manufacturing Institute, September 2014.

The Authority on the Attraction, Qualification and Development of World-Class Manufacturing Talent

733 10t Street, NW, Washington, DC 20001 P 202.637.3426 F202.637.3182 http://www.themanufacturinginstitute,org




manufacturing sectors in the U.S. employ more STEM workers including mechanical and
industrial engineers. Manufacturers believe robots offer new opportunities for humans that
are able to manage the robotic workplace and work alongside robots.

The new proposed questions would enable us to establish the extent to which firms use
robots, across small, medium and large firms, across different geographies, and across
different manufacturing sub-sectors. These questions would shed light on workforce
composition shifts and needs. They would also shed light on the impact of robots on
productivity, innovation and product life-cycles. With the increased use of robotics, the
Manufacturing Institute believes that these questions would significantly enhance the
understanding of manufacturing firms, their competitiveness and possibly barriers to their
growth.

In summary, | fully support having the next Annual Survey of Manufactures and Economic
Census include the basic robot use and expenditure questions. Please feel free to contact
me at gcarrick@nam.org or (202) 637-3491 if you have any questions. Thanks again for
considering this important set of questions.

Sincerely,

Bl b G

Gardner A. Carrick
Vice President, Strategic Initiatives
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Abstract

The U.S. Census Bureau in partnership with a team of external researchers developed a series of
questions on the use of robotics in U.S. manufacturing establishments. The questions include: (1)
capital expenditures for new and used industrial robotic equipment in 2018, (2) number of
industrial robots in operation in 2018, and (3) number of industrial robots purchased in 2018. These
questions are to be included in the 2018 Annual Survey of Manufactures. This paper documents
the background and cognitive testing process used for the development of these questions.

“ Any opinions and conclusions expressed herein are those of the authors and do not necessarily representthe views
of the U.S. Census Bureau. Allresults have been reviewed to ensure that no confidential information is disclosed.
The Census Bureau developed the ASM robotics capital expenditures content in partnership with an external
research teamthat includes Rob Seamans (NYU), Sue Helper (Case Western Reserve University) and Erik
Brynjolfsson (MIT). A grantfromthe National Science Foundation (NSF) (NSF grant #1748045) supported the
cognitive testing ofthe survey content. Robert Seamans also acknowledges support for this project fromthe Hewlett
Foundation (Hewlett grant #6324). We thank Kristina McElheran and Kristin Stettler for helpful comments and
review of this paper.



1. Introduction

There have recently been dramaticincreasesin the technical capabilities of artificial
intelligence (Al) and robotics. For example, accordingto the Al Index, error rates for image
recognition has dropped from 29 percentto lessthan 3 percent between 2010 and 2017,
surpassing human performance levels.3 The Electronic Frontier Foundation (EFF) notes
similarly dramatic improvementin the performance of Al with respectto real-time video
games, abstract strategy games (e.g., Chess, Go), video recognition, reading
comprehension, translation, and other categories.*These advancements have led both to
excitementabout the capability of Al and robotics to boost economic growth and to
concern about the fate of human workers in a world in which computer algorithms can
perform many of the functionsthat a human can (e.g., Freyand Osborne 2017, Furman
2016).

Recent academicresearch, using national level dataon worldwide robotics shipments,
suggeststhat robotics may have beenresponsible forabout a tenth of the increase in gross
domestic product (GDP) between 1993 and 2007 (Graetz and Michaels 2015). Since then,
worldwide demand for robotics has nearly tripled between 2010 and 2016 (Furman and
Seamans 2018), and the number and share of robotics-oriented patents have both also
increased (CEA 2016). Thus, robots may now be contributing even more to GDP growth than
in the past.

However, even as these technologies may be contributingto GDP growth at a national
level, we lack an understanding about how and when robotics, Al and other advanced
technologies contribute to firm level productivity, the conditions under which these
technologies complement orsubstitute for labor, how these technologies affect new firm
formation, and how they shape regional economies. We lack an understanding of these
issues because, to date, there is a lack of firm-level dataonthe use of robotics and Al (Raj
and Seamans 2018; McElheran 2018). Indeed, a recent National Academies of Science
Report (NAS 2017) callsfor more data collection on the effects of automation, including Al
and robots, on the economy.

In an effortto betterunderstand the effects of robotics on the US economy, a team of
Census employees and university researchers worked to develop questions onrobotics
capital expenditures by U.S. manufacturing plants. This paper documents the background
and cognitive testing process used for the development of these questions forthe 2018

3 AlIndex, November 2017; available: https:/aiindex.org/2017-report.pdf
* See Al Progress Measurement fromElectronic Frontier Foundation for more details, available at
https://www.eff.org/ai/metrics.
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Annual Survey of Manufactures. The team consisted of Erik Brynjolfsson (MIT), Catherine
Buffington (Census), Susan Helper (Case Western), Javier Miranda (Census) and Robert
Seamans (NYU). The questions are to be includedinthe 2018 Annual Survey of
Manufactures. The questionsinclude: (1) capital expenditures fornew and used industrial
robotic equipmentin 2018, (2) numberof industrial robots in operationin 2018, and (3)
number of industrial robots purchased in 2018. These questions were arrived at following
an extensive cognitive testing process, the details of which are describedinthe sections
that follow.

The paper proceeds as follows. Section 2 covers historic and current data sources for
robotics equipmentinthe United States. Section 3 discussesthe robotics questions, the
cognitive testing process the questions underwent, and outcome of the testing process.
Section 4 concludes.

2. Historic and Current Data Sources for Robotics

2.1. Historic Data

Beginninginthe late 1980s, the Census Bureau conducted a Survey of Manufacturing
Technology (SMT) in collaboration with the Department of Defense. The purpose of the
SMT was to measure the presence, use, and planned use of advanced technologiesinthe
manufacturing sector. The Survey was in the fieldinyears 1988, 1991 and 1993 but was
discontinued forfundingreasons. The Department of Defense used the data to assessthe
diffusion of technology. Other Federal agencies used the data to gauge competitiveness of
the U.S. manufacturing sector. The data were also used by the private sectorin market
analysis, competitiveness assessments, and planning. The data were usedin multiple
academic studies, including Dunne (1994), McGuckin et al (1996), Doms et al (1997), Lewis
(2005) and Lugue and Miranda (2000) to address questionsrelated to productivity growth,
skill based technical change, earnings and capital-labor substitution amongst others.

Beginningin 2003 and discontinuedin 2015 due to budgetary reasons, the Census
Bureau collected related expenditures datain the Information and Communication
Technology Survey (ICTS), a supplementto the Annual Capital Expenditures Survey (ACES).
The ICTS collected data on non-capitalized and capitalized business spending for
information and communication technology (ICT) equipmentand computer software. The
CensusBureau has also collected data on the establishments’ use of computer networks
and electroniccommerce (e-commerce) viaa supplementtothe Annual Survey of



Manufactures (ASM).>The data from the supplementhas been usedin research examining
the effectof IT-related expenditures on firmlevel outcomes (McElheran 2015).

2.2. Current Data
The Census Bureau does not currently collect expenditures datafor robotic equipment.
Capital expenditures data are collected on several surveyinstrumentsincludingthe Annual

Survey of Manufactures and ACES, making them candidates for thistype of collection.

For academic, practitioner, and policy purposes, current data on the use of robotics are
derived from two sources of data: the International Federation of Robotics (IFR) Robot
Shipment Data and the European Manufacturing Survey (EMS). The IFR has beenrecording
informationregarding worldwide robot stock and shipment figures since 1993. The IFR
collectsthese data from its members, who are typically large robot manufacturers such as
FANUC, KUKA, and Yaskawa. The data are broken up by country, year, industry and
technological application. The IFR defines anindustrial robot as an “automatically
controlled, reprogrammable, multipurpose manipulator, programmable in three or more
axes, which can be eitherfixedin place or mobile for use inindustrial automation
applications.”® Geographical informationinthe IFR is often aggregated (e.g., data existfor
the United States, but not an individual state or region within the United States). The IFR
utilizesits own industry classifications when organizing the data, rather than relyingon
broadly usedidentifiers such as the North American Industry Classification System (NAICS).
Mapping IFR data to other datasets (such as BLS or Census data) firstrequires cross-
referencingIFR classifications to other identifiers. While the IFR data are useful forsome
purposes, particularly examining the adoption of robotics by industry and country, the
aggregated nature of the data obscures differences occurringwithinindustriesand across
regions, making it difficultto uncover when and how robots might serve as substitutes or
complementsto labor, theirimpact on productivity and competitiveness and obscuringthe
differential effects of adoption withinindustries or countries.

The European Manufacturing Survey (EMS) has been organized and executed
periodically by a number of research organizations and universities across Europe since
2001, and is currently one of the only firm-level datasets examining the adoption of
robotics. The overall objective of the EMS is to provide empirical evidence regarding the use
and impact of technological innovationin manufacturing at the firm level. The EMS
accomplishesthis viaa survey of a random sample of manufacturing firms with at least
twenty employees across seven European countries (Austria, France, Germany, Spain,

5 https://www.census.gov/content/dam/Census/library/publications/2002/econ/1999-e-stats-mcd/initial-report.pd f
® https://ifr.org/standardisation



Sweden, Switzerland and the Netherlands). While some aspects of the surveyvary across
countries, the core set of questionsinquiresabout whetherthe firm uses robots, the
intensity of robot usage, and reinvestmentin new robot technology.’ Data currently exists
for five survey rounds: 2001-2002, 2003-2004, 2006-2007, 2009-2010 and 2012-2013, and
have beenusedin reports created by the European Commissionto analyze the use of
robotics and its impact on labor patterns, including wages, productivity and offshoring.

As of now, the EMS appears to be one of the few data sources that are capturing the use
of robots and automation at the firm-level. This provides opportunities to analyze micro-
effects of robotics technology on firm productivity and labor, and to analyze firm decision -
making following adoption. However, the surveyis performed at the firm rather than
establishmentlevel, and the sample size of 3,000 is quite small. In contrast, the Census’
Annual Survey of Manufactures (ASM) surveys 50,000 establishmentsannually and 300,000
everyfive years.

Raj and Seamans (2018) document how data from the IFR and EMS have been used by
researchers to study the effects of robots on productivity growth and employment. The
authors highlighta number of challenges with the data. Notably, the EMS data does not
cover U.S. manufacturing establishmentsand the IFR data, while coveringthe U.S., are
aggregated to the industry level, makingit impossible to study how robots are affecting
firmsand regions.

2.3. The Annual Survey of Manufactures and Robotics Data Collection

The Annual Survey of Manufactures (ASM) has many characteristics that make it a good
candidate for the collection of capital expenditures datafor robotics. The ASM contains a
large representative sample of U.S. manufacturing establishments, asignificant share of
which continue across the survey’s sample rotation. The ASM and the Census of
Manufactures (CM) collect detailed measures of establishments’ (versus firms’) inputsand
outputs at the location of production which allows for measuring differencesin geographic
variation in production, differencesin product mix within large companies, and important
variation within as well as between firms. These, combined with the availability of historic
microdata, make possible studies of the effect of robotics at manufacturing plants and
associated labor outcomesin a way that is not possible on other survey platforms.

The ASM samples and surveys about 50,000 establishments annually from the universe
of establishments with at leastone employee thatare active and classifiedinthe
manufacturing sector. Inyears endingin 2 or 7, ASM data are collected as part of the

" The EMS defines industrial robots using the ISO definition “Anindustrial robot is officially defined by ISO
(Standard 8373:1994) as an automatically controlled, reprogrammable, multipurpose manipulator programmable in
three ormore axes.” See: http://www.laufbau.de/isi-wAssets/docs/i/de/publikationen/ems 1e.pdf
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Census of Manufactures, whichin 2012 included about 290,000 active employer
manufacturing establishments (U.S. Census Bureau 2018a). The ASM microdata are
available back to 1973 for approved research projects inthe Federal Statistical Research
Data Centers (FSRDC). The ASM samples using a probability measure proportionate to size,
with establishments meeting certain criteria (e.g., size as measured by value of shipments)
beingincludedinthe sample with certainty (U.S. Census Bureau 2018b). These certainty
cases, numberingaround 15,600 in 2014, generate a large de facto panel that typically
continues across the five-yearsample rotation as many of these establishments continue to
surpass the size threshold.

The ASM currently collects information on capital expenditures fornew and used
depreciable assets for the reporting period and the year prior to the reporting period (see
Figure 1). Assets are brokendown into new and used buildings and other structures as well
as new and used machineryand equipment. Machinery and equipment are further broken
down intovehiclesintended for highway use, computer and other peripheral processing
equipment, and a residual ‘other’ category. The CM includesthe same capital expenditures
data items as the ASM but also collects beginning- and end-of-yearasset measures and the
gross value of all sold, retired, destroyed, etc. assets, allowingforthe construction of
establishment-level annual capital stocks (see Figure 2). Importantly, approximately 75% of
the assetsreported by establishmentin 2016 fall in the ‘other’ category.

3. Content and the Cognitive Testing Process and Outcome

3.1. Background

In April 2017, the Census Bureau received a proposal to add robotics questionsto the
ASM (see Miranda and Seamans 2017). The proposal included questions that ask
establishmentstoreport their expenditures onroboticarms or other robotic equipment, as
well as expenditures used forthe integration of robotics into specificapplications such as
assembly and loading or unloading of parts. The proposal suggested these be added as
additional categoriesin the breakdown of capital expenditures onthe ASM.

In additionto the proposal, letters of support were obtained by Seamans and Miranda
from the Robotics Industries Association (RIA) and the National Association of
Manufacturers’ Manufacturing Institute (NAM). The letters expressthat, in the face of
declining costs of robotics and expectations of dramatic increasesin the use of robotics in
U.S. manufacturing, the collection of robotics expenditures data by establishments and
firmsis necessary inorder to betterunderstand the impact of robotics on U.S. businesses
and workers. Current data collected from the producers of robotic equipment by the RIA
and its international affiliate, the International Federation of Robotics (IFR), are important,



but there are no equivalent data collections from the users of robotic equipment; this
proposed collection would fill this data gap.

3.2. Content Review

When considering survey content proposals, the Census Bureau must ensure the
proposed content is appropriate with respect to the Census Bureau’s mission and position
withinthe larger Federal Statistical System; that the content is consistent within the survey
instrument on which it would appear; and that the content is optimal whenweighingthe
benefit of the collection againstthe burden placed on reporting businesses. Content
proposals undergointernal review to ensure appropriateness and consistency within the
instrument, as well as the benefit of the collection. The process of cognitive testingis used
to ensure that the questionsare clear, understandable, and answerable, and to estimate
the reporting burden that the proposed contentimposes.

The Survey Director for and other staff who work on the ASMreviewed the proposal to
ensure the appropriatenessto the surveyinstrumentand to determine the potential
location of the proposed content. It was determined that, upon successful testing, the
proposed content would be added as a “Special Inquiry” at the end of the ASM. Inclusion
of the robotics content within the Capital Expenditures section of the survey is not possible
at thistime giventhe experimental nature of the collection and the constraints of the
production schedule of the ASM.

The initial content proposal was reviewed internally by subject matter experts working
in technology and capital expenditures measurement as well as former staff who had
worked extensively with the SMT. Subject matter expertsalso reviewed external data
sources and ensured that no other private entity nor statistical agency was collecting this
information. Changes based on internal review were incorporated into the survey
instrument, includinglanguage referringto other one-time costs associated with the
equipment. Multiple definitions of roboticequipment were developed forreview and
testing. Reviewers mentioned the need for expenditures data alongwith a corresponding
stock measure of capital, leadingto the addition of an asset questionalong with the
proposed expenditures question. Reviewersalsostated that knowingthe value of robotic
equipment might be difficult forrespondents, and thus proposed asking the respondentto
estimate how many robots are used at the establishmentandtheir average price in order to
allow for the estimation of the gross value of robotic equipmentat the plant. The draft
content resulting from thisinternal review process was the basis for the first round of
cognitive testing (see Figures 3a and 3b).



3.3. Cognitive Testing

3.3.1. Overview

Census Bureau Statistical Quality Standard A2 requiresthat all new survey content
undergo cognitive testing prior to inclusion on a Census Bureau surveyinstrument. The
result of this cognitive testing should be an understanding of the quality of the proposed
data collectionas well as the burden imposed on the respondent. Cognitive testingfor
business surveyinstrumentsis generally comprised of two stages. In the first stage, often
referred to as the exploratory round of testing, interviews are conducted with potential
survey respondentsto examine whetherthe respondent understands the question,
whetherthe records kept at the business support the data collection, and whetherthe
measurement concepts embodiedinthe question reflectthe economic activity and/or
record keeping practices of the business. The first round of testing for the ASM robotics
capital expenditures questions included notonly a cognitive portion but also an early stage
scoping portion that included probesdesigned to learn about the use of robotics at the
company, record keepingforthe robotics acquisition, use and maintenance of robotics at
the company, and language or terminology used by the respondent when discussing
robotics. Afterthe firstround of testing, proposed survey content is revised based on
cognitive, record keeping, or otherconsiderations uncovered during the exploratory phase.
This revised contentis the basis for a second stage of cognitive testing, oftenreferredto as
the confirmatory round. In the confirmatory round, changes made to the instrumentbased
on the firstround of cognitive testing are (in-)validated, typically resultingin the final draft
content.

Cognitive testinginterviews are scheduled and conducted by a staff memberfrom the
Data Collection Methodology and Research Branch withinthe Economic Statistical Methods
Division of the Census Bureau. Subject matter experts may attend as observersand are
available if subject matter questionsarise from the respondent. Each round of cognitive
testingtypically includes about twenty respondents, tenin each of two locations.
Generally, distinct locations are selected in order to generate variability in both geography
and industrial mix. Phone interviews may be used to supplementin-personinterviewsand
are useful when a willing participantis unavailable during the scheduled testing period or
when additional diversity of geography or industryis required in the face of budgetor time
constraints. Materials usedin cognitive testingare submitted to and approvedin advance
by the Office of Management and Budget (OMB) as is required underthe Paperwork
Reduction Act. The number of interviews andthe respondentburden, as measured by time
spent recruitingand interviewing, is estimated and reported in the materials submitted to
OMB. Cognitive interviews each last approximately one hour and are confidential underthe



same law (Title 13 U.S.C.) that governs the Census Bureau’s collection of information from
businesses.

3.3.2. Selection of cases for cognitive testing

The set of establishmentsinscope for cognitive testingincluded all active employers
classified as manufacturers in the 2016 ASM. Establishmentswere alsorequiredto have
reported complete contact informationincludingrespondent name, business address, and
phone number. In order to maximize the probability of contacting establishments using
robotics for our cognitive testingsample, we used robotics shipments data providedto
Seamans by the RIA to generate a list of 3- and 4-digit NAICS industries that were most likely
to use robotic equipment. Then, using County Business Patterns data we tabulated
establishment counts by core-based statistical area (CBSA) and these targeted industries.
These tabs were used to select CBSAs with a good balance of robot-usingindustries and the
related set of establishments mostlikely to use robotics (see Buffington, Miranda and
Seamans, 2017).8 Tables 1 and 2 show the list of top 11 robot intensive industries and the
ranking of top CBSAs respectively based on this analysis.

Based on this analysis, we selected Detroitand Chicago as the locations for our first
round of testing. A day was also spent visiting businesses in the Philadelphia/central New
Jerseyareain order to diversify acrossindustries. Based on the same analysis, we selected
Los Angeles, Dallas/Fort Worth and Houston as the locations for the second round of
testing. The first round of cognitive testing was conducted in September 2017 and the
second round over late January into February 2018. Recruitingfor these interviews proved
difficult with a high number of refusals as well as difficulty in locating manufacturers with
robotic equipment, limiting the number of cases per location to lessthan the usual ten.
Including some establishments without robotics equipment was desirable in order to ensure
that manufacturers not using robotics would not mistakenly report e xpenditures, but we
were most interestedininterviewingthose that did use robotics. Buffington, Helper,
Miranda and Seamans served as observersin many of the cognitive interviews to serve as
subject matter experts while inthe field but also to apply subject matter expertise to
revisionsthat resulted from the testing process.

® The RIA data provides robot shipment counts and value of shipments by industry for years 2012 through 2017. We
used this information to estimate robotintensity useby industry as well as the likelihood that arandom
establishment would use robots in that industry. Our methodology involved the following steps. First we computed
the number ofunits shipped per establishment by industry and year. Establishment counts for 2016 were
approximated by straight line imputation of CBP by industry based onthe 2012-2015 growth trend. We then
estimated thecumulative number of robotunits in 2017 for the average establishment by industry and year. We
accounted for differences betweentheindustry codes used by the Census andthe industry codes used by RIA.

9



3.3.3. Round 1 Cognitive Testing Recommendations and Findings

The first round of testingtook place in September 2017 in Detroit and Chicago, with a
supplemental trip to central New Jersey and the greater Philadelphiaarea. See Figures 3a
and 3b for the tested content. The content included an extended definition of industrial
robotic equipmentbased on ISO 8373:2012 used by the RIA and IFR (International
Federation of Robotics 2016). This definition was used to provide clear technical guidance
from an authoritative source as well as to limitthe scope of the data reportedto that of the
RIA and IFR inorder to support future data benchmarking. Two versions of the extended
definition were tested. Figure 3a includes the version of the definition that was preferred
after testing; the other tested version did not include the term ‘industrial’ when referringto
robots.

In total, four questions and two definitions were testedinthe firstround. One set of
questions used dollars as the unitof measurementand the other set used pieces of robotic
equipmentas the unit of measurement. Both pairs of questions soughta capital stock
measure as well as an expenditures orflow measure. Figure 3a presentsthe dollar-based
questions. The first question (A.) asks about the gross value of robotic equipment at the end
of the year and the second question (B.) asks about expenditures on new and used robotic
equipment. These questions were based on the “ASSETS, CAPITAL EXPENDITURES,
RETIREMENTS, AND DEPRECIATION” section of the 2012 ASM and the “CAPITAL
EXPENDITURES” section of the 2016 ASM, respectively. Figure 3b presentsthe alternate
guestion pair. The questionsincluded the number of industrial robots in use at the plant,
the average price, and the number of robots purchased in that year. Aftertestingforthese
guestion pairs and definitions was complete, the cognitive testing staff produced a report
including Findings and Recommendations (See Table 3).

Generally, the response to the proposed content was positive. Respondents on average
reported that the term “industrial robotic equipment” was preferred (see Findings 1 and 11)
to “robotics” or “robotics equipment”. Typically, respondents understood what was meant
by robotic equipment, but many agreed that a list of examplesor a list of equipmentto
include and exclude would be useful (see Finding 11). Companiestypically purchase, not
lease, robotic equipment and most expense the equipment using generally accepted
accounting principles (GAAP) or other guidelines (Findings 5 and 4). Respondents had access
to records that included the information required to answerthese questions, but these
records were not identified or flagged as robotic equipmentin theirasset registers (Finding
2). Because larger establishments and/or companies generally have larger asset registers
and because these questions would require research usingthe asset register, the burden of
respondingto these questions generally would increase along with company size (Finding
12). (Herrell and Stettler (2017)). However, several large respondentsindicated that they
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could add a flagto theirregistersto identify roboticequipmentif they knew the ASM survey
guestionswould recur, and that this step would reduce their reportingburden. Others
commentedthat they could call a plant manager, who could easily estimate; thus, providing
the instruction that estimates are acceptable would reduce theirreporting burden as well.
The phrase “other one-time expenses” did not create any cognitive issues, and respondents
typically reported that other one-time expensesincludinginstallation charges and software
were typicallyincluded on the invoicesforrobotic equipment purchases.

The questions concerning gross value of assets and capital expenditures onindustrial
robotic equipment resulted in mixed test results. The term “gross value” had a variety of
interpretations. Some respondents thought the question was asking for current market
value, while others thought the question was asking for net book value or purchase price.
For those respondents who took the term to mean current market value, they stated this
was difficultorimpossible toreport. Respondents noted that net book value and purchase
price could be easily obtained from records, but many questioned whether net book value
was informative as in many instances depreciation would drive this value to zero before the
end of the useful life of the equipment. Purchase price also had drawbacks, namely the lack
of information about vintage and depreciation (see Finding 8). Based on these findings as
well as additional internal review for consistency with the ASM survey instrument, the
decision was made to drop the gross value question. Apartfrom the respondentburden
issue, the capital expenditures question tested well (see Findings 2and 9).

The questions using counts of robotic equipment and average price were generally
understood, and in most cases respondents could answer for both how many werein place
and how many were purchased inthe reporting year. Respondents did feel questions about
price were burdensome and questioned the useful ness of average price data. Just as with
respondents with large asset registers, the ability of respondentsto answer these questions
and the burden imposed on the respondentincreased with the size of the establishment
and/or company. The testing staff recommended that inthe second round of testing
specifically stating that individual pieces of roboticequipment should be counted
separately, regardless of whetherthey were working in conjunction with another piece of
robotic equipment. For example, a robotic welding cell may contain several individual robot
arms (See Finding 10).

3.3.4. Round 2 Cognitive Testing Recommendations and Findings

Figure 4 shows the survey content used in the second round of cognitive testing. In
order to present somethingcloserto what the respondents would see when usingthe
Census Bureau’s online reporting software, the test instrument was changed to reflect
online formatting and design elements. Material changes to the instrumentinclude the
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changes to the definition asrecommended by the firstround of cognitive testing (the
consistentuse of the term “industrial robotic equipment” throughout the instrument), the
use of the term “adaptable” instead of the word “multipurpose”, the inclusion of a bulleted
list of examples of robotic equipment considered in-scope, and a specificlist of equipment
that should be excluded from reporting. These examplesand lists of equipmentto exclude
were used to address common questionsorissuesthat arose inthe first round of testing
but also to scope the question usingthe same delineationsasthe IFR. The gross value
guestion meant to measure the stock of robotic equipment atthe establishmentwas
dropped, as was the question askingabout the average price of robotic equipment. Instead,
the draft survey content included the dollar-based question for capital expendituresandthe
count-based questions for capital stock (“how many industrial robots were used”). The
count-based question for expenditures was also retained (“how many industrial robots
were purchased”). Prior to the capital expenditures onrobotics question, the cognitive
testing staff also added a reference back to the total value of capital expendituresthat
would be reported by the respondentin an earliersurvey question. Instructionsfor how to
count robotic equipmentthat might be integrated into another piece of equipment or cell
with other robotic equipmentwas also included. Finally, a “check if none” box was added
for each of the questionsas well as a prior year reporting box.

Findings and recommendations from the second round of testingcan be found in Table
4. Respondentsgenerally understood the definition, instructions, and questions as written
(see Finding 1). Some respondents believed that Computer Numerically Controlled (CNC)
machining equipmentand Automated Guided Vehicles (AGVs) should be included as robotic
equipmentdespite the exclude instruction (see Finding 2). As in the first round of testing,
respondents’ records did include the information on capital expendituresand otherone-
time expenses associated with robotics but reporting thisinformation was found to be not
without burden (see Finding 3). The count questions were not difficult or burdensome for
respondents at establishments that did not use robotics or had a small number of robots,
but burden increased with the increase in the use of robotics at the plant such that the
testing staff believes that data collected from large establishments will be of poor quality, if
reported at all (see Finding4). Furthermore, some respondents were reluctant to report for
each piece of robotic equipmentinthe count questionsregardless of instructionsto do so
(see Finding5). Respondentsreported differentguidelinesand dollarthresholds used for
depreciating capital equipment, while atleast one reported expensingroboticequipmentas
maintenance in instances where the robotics were replacing a failed part in a larger system
or integrated equipment (Finding 6). Because of the small sample size for the first two
rounds of cognitive testing, owingin large part due to difficultyinfinding establishments
with robotic equipmentand willing to participate in cognitive interviews, especially with
regard to large companies, the testing staff recommended additional research including a
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third round of cognitive testing, as well as debriefinginterviews to be conducted after the
2018 ASM is conducted (Finding 7).

3.3.5. Round 3 Cognitive Testing

Although two rounds of cognitive testingare typical, because we had not exhausted the
number of visits or time constraint as approved by OMB for testing, we revised the
instrument based on findings fromthe second round and participated in a limited third
round of (confirmatory) testing. An additional four interviews were conducted by phonein
late April 2018, with three of these beingfollow up callsto respondents who had
participatedin the earlierrounds of testingand had agreed to review the modified
instrument.

A shaded textbox was drawn around the definitioninorderto cue the respondentthat
this was informational; white space was added for readability and to separate concepts
withinthe information block. A sentence was added to clarify language around robotic cells
and rail systems, and a sentence was added to clarify how semiconductor manufacturers
shouldtreat track systems, as these specificissues arose duringthe second round of testing
(see Figure 5a).

Research in the cognitive testing field suggests it might be desirable to replace lengthy
instructionsin surveyinstruments with equivalent check box versions formulatedin the
form of questionsinorder to lessenthe cognitive burdenand to force the respondentto
slow down and pay attentionto important concepts (Snijkers etal (2013)). Based on this,
the cognitive testing staff recommended the inclusion of a series of text boxes to capture
the heterogeneity of industrial roboticequipment that a manufacturing plant might use.
The check boxes list the types of robotic equipment included in the second round content
and additional types of robotic equipment not previously listed (see Figure 5b). This format
also allows us to requestinformation about “other” types of robotic equipment not listed
which mightbe in use at the plant.

The instructions were modified furtherto reduce confusion and provide more clear and
consistentguidance. Specifically, instructions for the robotics capital expenditures question
making reference to the establishment’s total capital expenditures reported elsewherein
the survey was removed. The question headerwas changed to reflectlanguage used
elsewhereinthe ASM. Explicitinstructionsforreporting by questionnumber were added,
as well as instructions to address and recognize the inability to break out the cost of robotic
equipmentfromintegrated equipment purchases reported by some respondents (see
Figure 5c¢).
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The cognitive testing staff did not produce a full report giventhe small sample available
in the third round. However, they did make recommendations based on their experience
and the interviews conducted (See Table 5). First, a simplification was recommended in the
initial description of robotic equipment. The instruction that a robot can be “part of a rail
system” was replaced with “incorporated into another piece of equipment” as further
research indicated that rail systems used in semiconductor manufacturing are
implementations of Automated Materials Handling Systems and should be excluded?®. This
simplerlanguage was also found to be easierto understand. Second, the checkbox
questiontested well but the recommendation was that it should not be included if the list
of robotic equipmentwas not exhaustive. Third, the testing staff recommended that the
terms “new and used”, taken from the ASM capital expenditures section, should not be
included as it created confusion with the concept of counting equipment used at the plant.
Finally, they recommended that because equipment may be capitalized or expensed, it
would be beneficial to clarify the count questionsin order to specify whetheronly
equipmentbeingcapitalized should be includedin order to align with the concepts in the
first question.

The instrumentwas finalized inJuly 2018; see Figures 6a-6c for the content that was
submitted to OMB for clearance in October 2018. The instructions were simplified as
described above. The checkbox questionwas rejectedas it would create additional
reporting burden for ASM respondents. Further white space was added between questions
1, 2, and 3 and instructionsjust prior to questions 1 and 2 were customized for each type of
qguestion. The language “new and used” was retainedinthe capital expenditures question
in order to maintain continuity with the earlier ASM question, and the potentially confusing
term “USED” in question 2 was changed to “IN OPERATION”. Last, a new comment box was
added to each of the count questions(e.g., “If you are unable to provide the number of
industrial robots PURCHASED in 2018, please explain.”)in orderfor respondentsto provide
additional informationifthey are unable to report on the count questions.

4. Conclusion

Robotics will likely have alarge effect on our economy and society, but additional data
on the use of robotics is needed. The U.S. Census Bureau does not currently collect any data
on robotics, but it has collected similardata inthe past via the Survey of Manufacturing

° Rail systems in semiconductor manufacturing includeautonomous vehicles used to move materials between
locations (Kim 2008). Autonomous vehiclesas wellas more generally robotic logistical systems are classified as
service robots (International Federation of Robotics 2016).
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Technology. In Europe, the European Manufacturing Survey collects firm level data on the
use of robotics.

To addressthe needfor data on robotics, our research team, which was comprised of
internal Census employees and external university researchers, developed questions on
robotics forinclusionin the Census’ Annual Survey of Manufactures. The questionsinclude:
(1) capital expenditures fornew and used industrial robotic equipmentin 2018, (2) number
of industrial robots in operation in 2018, and (3) number of industrial robots purchased in
2018. These questions were arrived at following an extensive cognitive testing process, the
details of which are described within.
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Table 1. List of Top 11 Robot Intensive Industries

Beverages

Chemical products, pharmaceuticals, cosmetics

Basicmetals (e.g.iron, steel, aluminum, copper, chrome etc.)

Industrial machinery

Household appliances

Electroniccomponents/devices

Semiconductors, LCD, LED

Computers and peripheralequipment

Information communication equipment domesticand professional

Motor vehicles, motorvehicles engines and bodies

Parts and accessories for motorvehicles

Source: Authors’ calculations based on RIAdata.

Table 2. Ranking CBSA areas based on Robot Intensity Use

CBSAcode CBSAtitle Number of Number of
Robot Top 11
Intensive Robot
Industries  Intensive
Industries
14460 | Boston-Cambridge-Newton, MA-NH 16 11
31080 | Los Angeles-Long Beach-Anaheim, CA 16 11
16980 | Chicago-Naperville-Elgin, IL-IN-WI 15 10
19100 | Dallas-Fort Worth-Arlington, TX 15 10
33460 | Minneapolis-St. Paul-Bloomington, MN-WI 15 10
35620 | New York-Newark-Jersey City, NY-NJ-PA 15 10
38060 | Phoenix-Mesa-Scottsdale, AZ 15 10
40140 | Riverside-San Bernardino-Ontario, CA 15 10
41740 | San Diego-Carlsbad, CA 15 10
41860 | San Francisco-Oakland-Hayward, CA 15 10
12060 | Atlanta-SandySprings-Roswell, GA 14 9
12420 | Austin-RoundRock, TX 14 9
19740 | Denver-Aurora-Lakewood, CO 14 9
19820 | Detroit-Warren-Dearborn, Ml 14 9
26420 | Houston-The Woodlands-Sugar Land, TX 14 9
33100 | Miami-Fort Lauderdale-West Palm Beach, FL 14 9
37980 | Philadelphia-Camden-Wilmington, PA-NJ-DE-MD 14 9
38900 | Portland-Vancouver-Hillsboro, OR-WA 14 9
41940 | SanJose-Sunnyvale-Santa Clara, CA 14 9
42660 | Seattle-Tacoma-Bellevue, WA 14 9
45300 | Tampa-St. Petersburg-Clearwater, FL 14 9
12580 | Baltimore-Columbia-Towson, MD 13 8
26900 | Indianapolis-Carmel-Anderson, IN 13 8
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15380 | Buffalo-Cheektowaga-Niagara Falls, NY 12 7
16740 | Charlotte-Concord-Gastonia, NC-SC 12 7
17140 | Cincinnati, OH-KY-IN 12 7
17460 | Cleveland-Elyria, OH 12 7
28140 | Kansas City, MO-KS 12 7
40900 | Sacramento--Roseville--Arden-Arcade, CA 12 7
41180 | St. Louis, MO-IL 12 7
41620 | SaltlLakeCity, UT 12 7
18140 | Columbus, OH 10 6
24340 | Grand Rapids-Wyoming, Ml 11 6
33340 | Milwaukee-Waukesha-West Allis, W1 11 6
34980 | Nashville-Davidson—Murfreesboro--Franklin, TN 11 6
35300 | New Haven-Milford, CT 11 6
36740 | Orlando-Kissimmee-Sanford, FL 11 6
46140 | Tulsa, OK 11 6
49340 | Worcester, MA-CT 10 6
10420 | Akron,OH 10 5
13820 | Birmingham-Hoover, AL 10 5
14500 | Boulder, CO 10 5
14860 | Bridgeport-Stamford-Norwalk, CT 10 5
19380 | Dayton,OH 10 5
24860 | Greenville-Anderson-Mauldin, SC 10 5
25540 | Hartford-West Hartford-East Hartford, CT 10 5
29820 | Las Vegas-Henderson-Paradise, NV 9 5
31140 | Louisville/Jefferson County, KY-IN 9 5
37100 | Oxnard-Thousand Oaks-Ventura, CA 10 5
38300 | Pittsburgh, PA 10 5
47900 | Washington-Arlington-Alexandria, DC-VA-MD-WV 9 5

Source: Authors’ calculations based on County Business Patterns data.
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Table 3. Findings and Recommendations from Round 1 of Cognitive Testing

Findings Recommendations Accepted
1) Respondents had definitional Werecommend using the term “roboticequipment” or Y
differences between Robots, Robotic “industrial robotic equipment” throughout the survey,
Equipment, and Industrial Robotic althoughwhen a questionasks about a singular unit of
Equipment. roboticequipment, suchas asking forthe number on hand
atalocation,itis unclear whether “robot” shouldbe used,
or something like “piece of robotic equipment.” Another
alternative wouldbe using “roboticequipment” as the
main term, but defining“robot” as anindividual unitand
usingthatfor count questions.
2) Records have most of the No recommendation. “Estimates are acceptable” may be NA
informationwe need, butcannotsort useful for respondents who feel that going through records
roboticequipment from other would betoo burdensome.
equipment.
3) Servicingoftheequipmentvariesby | Norecommendation. NA
company.
4) Most companies capitalize robotic No recommendation. NA
equipment, based on GAAP or other
requirements.
5) Most companies purchase rather Census should beawarethatrespondents maytreatleased | NA
thanlease;leased equipment maypose | equipmentdifferently than purchased based on what'’s
a problem for reporting costs. availableintheirrecords, andthat responses may differas
aresult.
6) Robotics equipmentis currently No recommendation. NA

reported as “Other” capital
expenditures on the ASM by all
respondents we spoke with.
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Findings

Recommendations

Accepted

7) Determining whatanindividual
“robot”is could be problematic.

Definitions should clarify what exactly an individual “robot”
or piece of “robotic equipment” isand how to countit,
regarding either of the above situations. We make the
following recommendations, based on ourunderstanding

of what can be commonly understoodandapplied across
respondents:

Eachindividual robot or piece of robotic equipmentthat
was purchased should countas anindividual robot,
regardless of whether it was workingin conjunction with
another roboton a specific task.

If a piece of roboticequipment was affixed to a piece of
non-roboticequipment, onlythevalue of the robotic
equipmentshould be counted.

Y

8) Gross Valueversionof questionhad | Werecommend notasking the gross value of the robotic Y
varying interpretations. equipment, due to the difficulty respondents had

interpreting the question and the questionable usefulness

of the data.
9) Total capital expenditures somewhat | Inthesecond round of testing, proberespondentsonwhat | YandN

clear, butsomeslight confusion.

they mayincludeas “other one-time costs.”

It may be helpful to conductinterviews with a handful of
robotics manufacturers and system integrators, with the
purpose of learning what they includedin the sales price of
roboticequipment.
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Findings

Recommendations

Accepted

10) Countand average purchase price
were generallyunderstood;
guestionable usefulness of average
purchase price.

The count questiongenerally tested well, and couldbe
reported for both the number on hand and the number
purchased in2017. Census should determine whether itis
more useful to know the number on hand orthe number
currentlyinuse, or both, and phrase the question(s)
accordingly.

Add specificinstructions on thisissue to the question,and
proberespondentsin Round 2 on whether these
instructions are clear and/orappropriate. For the sake of
easeof reporting and creating consistency between
respondents, we suggest the following:

--Each individual robot or piece of roboticequipment that
was purchased should countas an individual robot,
regardless of whether itwas working in conjunction with
another robot on a specifictask.

--If a piece of robotic equipment was affixedto a piece of
non-roboticequipment, onlythevalue of the robotic
equipmentshould be counted.

Average purchase price had issues, with somerespondents
feelingthatitadded burden (havingto calculate the
average), thatit was not asked elsewhere on the ASM and
is thus anunusual task forthem, and some questioned the
usefulness of thedata. For those reasons, we recommend
notasking aboutthe average purchase price.

Y

11) Definition with “industrial” initwas
preferable to mostrespondents.

The version of the definitions/instructions using
“industrial” shouldbe used.

Ensurethatterminology is kept consistent between the
instructions/definition and the question itself.

Remove the term “multipurpose” completely, or replaceit
with something suchas “physicallyadaptable to different
applications”

Consider adding bulleted lists of include, exclude, and
examples.

12) Estimated difficulty and burden of
questions.

Continueto probeinRound2 about the estimated burden
and difficulty of these questions, and any estimation
strategies, particularlyfor larger companies.

NA

13) Neither of the questions or
definitions tested perfectly; a revised
versionshould be used in another
round of testing.

[Provided revised questions and definition]

NOTE: This table was devel oped based on Herrell and Stettler (2017).
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Table 4. Findings and Recommendations from Round 2 of Cognitive Testing

providea countthatdiffered from
our instructions, even though they
understoodwhat they were being
instructed to do.

Findings Recommendations Accepted

1) Respondents generally Reformattheinstructionsintoa shortseries of instructions, Y

understoodwhat the questions followed by a question [thatturns instructions intoa series of

were askingfor,andforthemost | checkboxes].

part, did not have trouble with the

instructions or definitions, but

changes couldbe made.

2) Several respondents took issue | Although wedid nottalkto anyrespondents who woulddoso, | N

with Computer Numerical Control | itis possiblethat other respondents wouldfeel compelled to

(CNC) machineryand Automated | report CNC machinery asrobotics. Therecommendationfrom

Guided Vehicles (AGVs) being Question 1 would allow such respondents to select Other,and

excluded. usethespecifylineto include whatthey deemto berobotic
equipment

3)AsinRound 1, most In addition to the notethatsays “estimates are acceptable,” N

respondents have the capital we recommend providing a checkbox nextto theanswerfield

expenditures forroboticsincluded | allowing respondents to indicatethattheir answerisan

in their capital expenditures, but estimate, thus providingfurtherassurancesthatweare

cannotidentity themas robotics accepting of estimates for this particular question.

easily.

4) Countof robots is feasible for Our firstrecommendation wouldbe to not collectthedataon N

companies withfew or no robots, | the countofrespondents. Based on theinterviews we have

but may be too burdensome for conducted, we think that large companies will have

respondents in larger companies tremendous issues, if not outrightinability, to provide accurate

and extremely difficult to get numbers. Even with the limited number of |large companies

accuratefigures. thatwe haveinterviewed, we have notfoundany company of
anysizethatflags purchases by whether or notthey are
robotic,and wethereforethink thatitis unlikely thatany
company would have an automated method to pull data
specificallyinregards to industrial roboticequipment.
Werecognizethattherearesome benefits to starting to collect
the data, and under theintended plan to ask the questions only
as a special inquiry, we do not strongly object. However, we do
notbelievethatthe data fromtheinitial collectionshouldbe
published.

5) Somerespondents would See recommendation for Finding#4 above. N
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Findings Recommendations Accepted

6) Companies have different No recommendation. NA
requirements for what meets
capital expenditures
requirements; notall companies

follow GAAP.

7)Because of thesmallsample Westronglyrecommend conducting debriefing interviews after | Y
sizefromtheserounds of testing, | thesequestions arefielded, tolearnmoreaboutrespondents’
particularly in regardsto large behaviors when they are actually requiredto go through their
companies, moreresearch should | recordsor contact plant managersto providethedatathatis

be doneon thetopic. being asked for.

8) The new tax bill will likely not No recommendation. NA

impacthow respondents maintain
their accounting records norhow
they reporton Census surveys;
respondents didnotknow howit
would impacttheirinvestmentin
robotics.

NOTE: This table was devel oped based on Herrell and Stettler (201 8a).
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Table 5. Recommendations from Round 3 of Cognitive Testing

of purchased/used questions

question.

Add clarifyinginstructions to line 3, regarding whether only
capitalized purchases shouldbeincluded.

Topics Recommendations Accepted

Instructions Consider changing thelineabout roboticcells toread “An Y
industrial robot maybeincorporated into another piece of
equipment.”

Checkbox question Leavethe checkbox question asis, but ensure the list of N
optionsis mostly comprehensive. Ifitis notfeasibleto havea
comprehensive list, exclude this question.

Capital expenditures and number | Remove “new and used” from the capital expenditures N

NOTE: This table was devel oped based on Herrell and Stettler (201 8b).
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Figure 1. Annual Survey of Manufactures Capital Expenditures Content

Capital Expenditures

What were the capital expenditures for new and used depreciable assets spent in 2016 for ...

Capital expenditures for new and vsed buildings and other structures (Exclude land.) (Report in thovsands of
dollars)

Prior year capital expenditures for new and used buildings and other structures (Exclude land.) (Report in thousands
of dollars)

Capital expenditures for new and vsed machinery and equipment (Report in thousands of dollars)

Prior vear capital expenditures for new and vsed machinery and equipment (Report in thousands of dollars)

Total capital expenditures, new and used depreciable assets in 2016 (Add values reported for CAPEX_BUILD and
CAPEX_MACH.) (Report in thousands of dollars)

Prior year total capital expenditures, new and used depreciable assets in 2015 (Add values reported for
CAPEX_BUILD_PY and CAPEX_MACH_PY ) (Report in thousands of dollars)

What was the breakdown of expenditures for new and used machinery and equipment by type?

Capital expenditures for automobiles, trucks, etc. for highway use (Report in thousands of dollars)

Prior year capital expenditures for automobiles, trucks, etc. for highway use (Report in thousands of dollars)

Capital expenditures for computers and peripheral data processing equipment (Eeport in thousands of dollars)

Prior year capital expenditures for computers and peripheral data processing equipment (Report in thousands of
dollars)

Capital expenditures for all other expenditures for machinery and equipment (Eeport in thousands of dollars)

Prior year capital expenditures for all other expenditures for machinery and equipment (Report in thousands of
dollars)

Total capital expenditures for machinery and equipment by type (Add values reported for CAPEX MACH AUTO,
CAPEX MACH COMP and CAPEX MACH OTH. Tofal should equal value reported for CAPEX MACH.)
(Report in thousands of dollars)

Prior year total capital expenditures for machinery and equipment by type (Add values reported for
CAPEX MACH AUTO PY, CAPEX MACH COMP_PY and CAPEX MACH OTH_PY. Total should equal
value reported for CAPEX | M_ACH PY ) (Report in thousands of dollars)
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Figure 2. 2017 Census of Manufactures Capital Expenditures Content

ITEM 13: ASSETS, CAPITAL EXPENDITURES, AND RETIREMENTS

Indude:
+ Dollar value of assets, capital expenditures, and retirements
s Buildings, structures, and equipment used directly or indirectly by this establishment to produce the goods and services reported in lem 5, line A and tem 22

Chedk
if
MNone 2007
A Whatwas the gross value of depredable assets (aoquisiion cosis) at the beginning of the year? O $ -000.00
B. Whatwere the capital expenditures for new and used depredable assets in 2017 for:
1. New and used buildings and other sirudures?
Exdude:
# The value of land on which structures stand D % ,000.00
2. New and used machinery and equipment?
a. Automobiles, trucks, etc. for highway use? - $ JTETILD
b. Computers and peripheral data processing equipment? I:] $ +000.00
Al other expenditures for machinery and eguipment? D § JUHIILD
TOTAL (Add lines B1 and B2a through B2c) I:] ¥ UL
C What was the gross value of depredable assets sold, retired, scrapped, destroyed, etc? O $ JETD
D. What was the value of deprediable assets at the end of the year? (Add lines A B1, B2a through B2c and I:] § 000.00

subtract line C)
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Figure 3a. Survey Content Draft for Round 1 of Cognitive Testing

INDUSTRIAL ROBOTIC EQUIPMENT ASSETS AND EXPENDITURES

An industrial robot is an automatically controlled, reprogrammable, and multipurpose machine that is
used in industrial automation operations.

Industrial robots may be mobile, incorporated into stand-alone stations, or integrated into the
production line.

Industrial robots are commonly used in operations such as welding, material handling, machine tending,
dispensing, and pick and place.

Report the dollar value.

2017
$ Bil. Mil. Thou.

A. Gross value of industrial robotic equipment at
the end of 2018. . .........

B. Capital expenditures in 2018 for new and used
industrial robotic equipment, including software,
installation and other one-time costs. . .........
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Figure 3b. Survey Content Draft for Round 1 of Cognitive Testing

INDUSTRIAL ROBOTIC EQUIPMENT

An industrial robot is an automatically controlled, reprogrammable, and multipurpose machine that is

used in industrial automation operations.

Industrial robots may be mobile, incorporated into stand-alone stations, or integrated into the

production line.

Industrial robots are commonly used in operations such as welding, material handling, machine tending,

dispensing, and pick and place.

A. Mumber of industrial robots used at this plant in 2018. . ......

2017
$ Bil. Mil. Thou.
B. Average purchase price of industrial robots used
at this plant in 2018 (include software, installation
and other one-time costs). . . . ... .............
C. Mumber of industrial robots purchased for this plant in 2018. . .
2017
$ Bil. Mil. Thou.

D. Average purchase price of industrial robots

purchased for this plant in 2018 (include software,
installation and other one-time costs). . . . ... .. ..
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Figure 4. Survey Content Draft for Round 2 of Cognitive Testing

g

Capital Expendiures Additional Information

INDUSTRIAL ROBOTIC EQUIPMENT

Industrial robetic equipment (or indusirial robots) are automatically controlled, reprogrammable, and adaptable machines used in industrial automated operations. Industrial
robotz may be mebile, incorporated infe stand-alone stations, or integrated into a production line.

Examples of ndustrial robotic equipment include:

= Paletizing robots

» Pick and place robots

= Machine tending robets

» Material handling robots
= Dispensing roboets

» Welding robots

# Packing/repacking robois

Exclude:

= Automated guided vehicles (AGV's)

= Driveriess forkifts

» Automatic storage and retrieval systems

# CNC machining eguipment

= Mon-robotic equipment that works in conjunction with robotic eguipment

A. What were the capital expenditures in 2018 for new and used industrial robetic equipment?
(This is a breakout of the SX00C X004 000.00 reported in Capital Expenditures, Question B, Line 3: "all other expendiiures for machinery and equipment.”)

Estimates are acceptable.

Eheck
|
1. Capital expenditures in 2016 for new and used industrial robotic Mone 2016 2015
equipment, including software, installation, and cther one-time
costs? [ $ 000,00 s ,000.00

B. How many robots were used at this plant in 2016, and how many robots were purchased at this plant in 20167
Count each robot as an individual unit, regardiess of if it was combined or used in conpunction with another robet.

Estimates are acceptable.

Check
if
MNene 2018 20158
1. How many robots were USED at this plant in 20167 D
2. How many robots were PURCHASED for this plant in 20167 (]
Back Save and Continue

Go to Screen
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Figure 5a. Survey Content Draft for Round 3 of Cognitive Testing

INDUSTRIAL ROBOTIC EQUIPMENT

Industrial robotic equipment (or industrial robots) are automatically controlled, reprogrammable, and
multipurpose machines used in industrial automated operations.

Industrial robots may be mobile, incorporated into stand-alone stations, or integrated into a
production line.

An industrial robot may be part of a robotic cell {or work cell) or part of a rail system.
In semiconductor manufacturing, an industrial robot may be part of a track system.

Industrial robots are commonly used in operations such as welding, material handling, machine
tending, dispensing, cleanroom, and pick and place.
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Figure 5b. Survey Content Draft for Round 3 of Cognitive Testing

INDUSTRIAL ROBOTIC EQUIPMENT
Check “Yes" if any of the following types of industrial robotic equipment is used at this establishment.

If some other type of industrial robotic equipment is used at this establishment, provide the type of
industrial robotic equipment used in the write-in box next to “Other”.

Exclude:

»  Automated guided vehicles [AGVs)

s Driverless forklifts

* Automatic storage and retrieval systems
* CMNC machining equipment

YES NO

Dispensing robots O O
Flat Panel Display (FPD) transfer robots O O
Machine tending robots O O
Material handling robots O O
Packing/repacking robots O O
Painting robots O O
Palletizing robots O O
Pick and place robots O O
Wafer handling robots O O
Welding robots O O
Other robotic equipment, specify
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Figure 5c. Survey Content Draft for Round 3 of Cognitive Testing

CAPITAL EXPENDITURES FOR INDUSTRIAL ROBOTIC EQUIPMENT AND NUMBER OF INDUSTRIAL

ROBOTS

In {1}, report capital expenditures in 2017 for new and used industrial robotic equipment for this plant.

Include other one-time costs, including software and installation.

In (2) and (3), report the number of industrial robots used at this plant and purchased for this plant in

2017.

For robots purchased as part of a work cell, track system, or other integrated robotic equipment, it may
not be possible to report the expenditures on only the robots. In this case, report the expenditures on

the integrated robotic equipment.
Exclude:

* Automated guided vehicles (AGVs)

s Driverless forklifts

s Automatic storage and retrieval systems
¢  CNC machining equipment

Estimates are acceptable.

Report capital expenditures in dollars.

Check if none 2017
1. Capital expenditures in 2017 for new and
used industrial robotic equipment, 0
including software, installation, and other
one-time costs
Check if none 2017
2.  Number of industrial robots USED at this
plant in 2017 0O
Check if none 2017

3. Number of industrial robots PURCHASED
for this plant in 2017

O
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Figure 6a. Final Proposed Content

INDUSTRIAL ROBOTIC EQUIPMENT

Industrial robotic equipment (or industrial robots) are automatically controlled, reprogrammable, and
multipurpose machines used in industrial automated operations.

Industrial robots may be mobile, incorporated into stand-alone stations, or integrated into a
production line.

An industrial robot may be part of a robotic cell {or work cell) or incorporated into another piece of
equipment.

Industrial robots are commonly used in operations such as welding, material handling, machine
tending, dispensing, cleanroom, and pick and place.
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Figure 6b. Final Proposed Content

CAPITAL EXPENDITURES FOR INDUSTRIAL ROBOTIC EQUIPMENT AND NUMBER OF INDUSTRIAL
ROBOTS

In (1), report capital expenditures in 2018 for new and used industrial robotic equipment for this plant.
Include other one-time costs, including software and installation.

In (2) and (3), report the number of industrial robots in operation at this plant and purchased for this
plant in 2018.

For robots purchased as part of a work cell or other integrated robotic equipment, it may not be
possible to report the expenditures on only the robots. In this case, report the expenditures on the
integrated robotic equipment.

Examples of operations industrial robotic equipment can perform may include:

* Palletizing

* Pick and place

*  Machine tending
* Material handling
* Dispensing

s Welding

* Packing/repacking

Exclude:

* Automated guided vehicles [AGVs)
* Driverless forklifts

* Automatic storage and retrieval systems
* (CNC machining equipment

Report capital expenditures in thousands of dollars. Estimates are acceptable.

Check if none 2018

1. Capital expenditures in 2018 for new and
used industrial robotic equipment, 0
including software, installation, and other
one-time costs
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Figure 6¢. Final Proposed Content

Report the number of robots. Estimaljps are acceptable.

Check if none

20138

2. Number of industrial robots IN
CPERATION at this plant in 2018

O

If you are unable to provide the number of industrial robots IN OPERATION in 2018, please explain.

Check if none

2018

3. Number of industrial robots PURCHASED
for this plant in 2018

O

If you are unable to provide the number of industrial robots PURCHASED in 2018, please explain.
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