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Abstract

Context—Most local public health departments serve limited English proficiency groups but lack
sufficient resources to translate the health promotion materials that they produce into different
languages. Machine translation (MT) with human postediting could fill this gap and work toward
decreasing health disparities among non-English speakers.

Objectives—(1) To identify the time and costs associated with human translation (HT) of public
health documents, (2) determine the time necessary for human postediting of MT, and (3) compare
the quality of postedited MT and HT.

Design—A quality comparison of 25 MT and HT documents was performed with public health
translators. The public health professionals involved were queried about the workflow, costs, and
time for HT of 11 English public health documents over a 20-month period. Three recently
translated documents of similar size and topic were then machine translated, the time for human
postediting was recorded, and a blind quality analysis was performed.

Setting—Seattle/King County, Washington.
Participants—Public health professionals.

Main Outcome Measures—(1) Estimated times for various HT tasks; (2) observed postediting
times for MT documents; (3) actual costs for HT; and (4) comparison of quality ratings for HT and
MT.

Results—Human translation via local health department methods took 17 hours to 6 days. While
HT postediting words per minute ranged from 1.58 to 5.88, MT plus human postediting words per
minute ranged from 10 to 30. The cost of HT ranged from $130 to $1220; MT required no
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additional costs. A quality comparison by bilingual public health professionals showed that MT
and HT were equivalently preferred.

Conclusions—MT with human postediting can reduce the time and costs of translating public
health materials while maintaining quality similar to HT. In conjunction with postediting, MT
could greatly improve the availability of multilingual public health materials.

Keywords

health status disparities; natural language processing; public health informatics; public health
practice; workflow

The Need for Machine Translation in Public Health

As of 2011, there were an estimated 25.2 million people in the United States with limited
English proficiency, defined as “persons who do not speak English as their primary language
and who have a limited ability to read, write, speak or understand English.”12 Title VI of the
Civil Rights Act3 prohibits discrimination on the basis of race, color, or national origin, and
Executive Order 13166% expands this to include requirements that federally funded agencies
provide “meaningful access” to their services. Despite this legal protection, obtaining
language-congruent health information may be very difficult for non—English-speaking
groups in the United States.>~’

Language barriers can contribute to major health disparities even when socioeconomic status
is accounted for.8 Immigrant populations tend to seek care later,® have reduced quality of
care,10 and fail to seek out certain kinds of care, such as mental health,!! prenatal care,12
and chronic care.13-16 These disparities in health care can have short- and long-term
consequences on mortality, morbidity, and quality of life.1”

An important barrier to producing multilingual health materials is the time and costs
required for language translation, given that there are an estimated 300 different languages
spoken across the United States.1® One of the primary services of more than 3000 local
health departments in the United States is to inform and educate the public1?; however,
health departments have limited funds for producing quality health promotion materials in
English and even less funding to translate them into other languages.

Freely available online machine translation (MT) tools, such as Google Translate and
Microsoft Translator, use statistical translation models trained from a large amount of text
data in the relevant languages. These tools could be used to reduce translation costs. The
quality of MT tools has improved steadily over the last few years, but these tools are not
error free. Moreover, MT tools are often better at translating generic text, such as news
articles, than translating domain-specific text containing specialized vocabulary. Thus, there
is concern by many20-23 that the quality of MT alone might not be sufficient. Evidence
indicates that MT combined with human postediting (ie, the subsequent correction of MT
output by human readers fluent in the source and target languages) produces a quality
product at a lower cost.24 In fact, the use of MT and human postediting has become a de
facto standard for many commercial translation vendors.2> Therefore, a possible solution to
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addressing financial constraints, and ensuring access to health information for the public,
would be for public health departments to translate materials using MT software and then
use native speakers, ideally with a background in public health, to postedit the documents
for clarity and accuracy.

There has been very little published research on the use of MT in a health context. In a study
of MT and Clinicaltrials.gov, Rosemblat et al2® referred to the importance of MT for
improving access to timely health information for the public. To our knowledge, our
previous research is the only prior feasibility study of the use of MT in a public health
setting.2” In our pilot study, health promotion materials in use by public health departments
were translated by a free MT program, then postedited by humans, and finally compared
with fully human-translated documents. We showed that public health materials translated
using MT with postediting were equivalent in quality to manual translations. However, it
remained unclear whether MT could reduce the time and costs of producing translations for
public health.

We report here on a study comparing the quality of postedited MT with manual translations
of health promotion materials. In addition, we estimate the time and costs of producing
commercially translated health materials and compare these numbers with the time and costs
of producing materials using MT with human posteditors.

Methods

We conducted 2 phases of data collection to compare the time, costs, and quality associated
with the translation of public health documents through MT versus human translation (HT).
This study received exempt status from the University of Washington Institutional Review
Board.

Phase 1: Postediting and quality rating

We collected 25 health promotion documents from a local health department, which the
health department had previously translated from English to Spanish by the traditional
process using hired translation vendors and internal bilingual staff. We then translated the
English version of each document into Spanish using online MT software (Google Translate
[translate.google.com]). Google Translate is free and translations are produced within
seconds upon uploading the text.

We recruited native Spanish-speaking public health professionals (n = 12) and divided them
into 2 groups: (1) posteditors, who postedited each machine-translated document; and (2)
quality raters, who blindly compared the quality of the postedited MT and the corresponding
HT.

Posteditors were presented with the original English document and the machine-translated
document and instructed to correct for grammar and accuracy but not to make stylistic
changes based on personal preference. The postediting sessions took place in a laboratory
setting using a proprietary tool developed specifically for this process. Each postediting
session consisted of 2 to 5 machine-translated documents in total, with each session
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designed around word count and not total documents. Each document was postedited
independently by 2 posteditors. The time to postedit each document was recorded. Each
posteditor received training on 1 document, the times for which were not retained for study
purposes.

Quality ranking—~For ease of analysis, we randomly selected 1 of the 2 postedited
translations for each document, since the content of the documents was the same. We
matched each of these with the human-translated documents collected from the health
department. Two quality raters then compared the quality of the 2 translations. They were
blindly presented with the machine/human-translated document pairs along with their
English originals. Quality raters were instructed to review each translated document and
indicate whether they preferred one translation to the other or felt they were equivalent. We
also asked quality raters to briefly state the reasons for their preferences (Figure). The
quality ranking analysis consisted of a total of 25 matched pairs of documents. The results of
Phase 1 are included as Supplementary Digital Content (available at: http://links.lww.com/
JPHMP/A52) to this article.

Phase 2: Time and task analysis of human translation

In previous research on translation workflow analysis in public health departments,28
researchers conducted 34 semistructured qualitative interviews with employees involved in
the translation process at Public Health—Seattle & King County and the Washington State
Department of Health. On the basis of these interviews, researchers identified and mapped
the discrete tasks involved in creating translated public health materials and verified these
findings with staff through focus groups. The interviews also included questions about the
type of document and the cost for the vendor translation. In most cases, a monolingual staff
member would prepare the English document for translation (eg, removing slang, writing
instructions to the translation vendor) and then send the document to a commercial
translation vendor. This vendor would translate the document and perform an initial quality
review. Upon receipt of the document, the monolingual staff member would typically (time
allowing) send the translated document for final quality review (by a bilingual internal staff,
a bilingual community provider, or another vendor).

To estimate the time spent on HT at the health department, we created a spreadsheet on the
basis of our prior research on translation workflow, listing the primary tasks involved in the
translation process and defining their start and end points (eg, “start—when you begin filling
out the translation request form; end—when you receive a cost estimate from the translation
vendor”). The translation process was defined as beginning the moment an English language
document was deemed ready for translation and ending when the translation was deemed
ready for public release. We asked health department employees to record the start and end
times of each task for the translation projects they were involved in. Employees in 3
different programs tracked a total of 11 translation projects between February 2011 and
October 2012.

Using the start and end times recorded by employees, we calculated hours and minutes for
each task in each project using a 24-hour scale, including weekends and holidays (eg, if
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someone sent a document to a vendor at 5 PM on a Friday and received the translation back
at 5 PM the next Monday, the time calculated for that task would be 72 hours). The rationale
for a 24-hour time scale is that the project could not move to the next step until the task was
completed. Therefore, in most cases, the physical task required fewer hours than calculated
by the 24-hour scale. We rounded the start and end times provided to the nearest quarter
hour. The times listed in Table 1 include the total time for all languages.

On the basis of our qualitative workflow analysis, we grouped smaller individual tasks into
larger “phases” and then calculated the time spent for the entire phase using the start time of
the first task and the end time of the last task. The phases are as follows:

. Pretranslation activities. starting when the employees deemed the English text
ready for translation and ending when the text was sent to the vendor for
translation. The individual tasks include obtaining cost estimates from vendors if
necessary, returning the signed estimate to the vendor, and, if required, filling out
a requisition form.

. Translation activities. from the beginning to the end of the initial manual
translation.
. Posttranslation activities. starting when the staff began contacting potential

quality assurance reviewers and ending when the quality assurance reviewers
returned their edits.”

When internal staff conducted postediting activities (as opposed to commercial translation
vendors or community partners conducting this step), researchers asked these staff to
estimate how much time they spent postediting the document, to get the most accurate
estimate of actual time spent. We then calculated costs by dividing the total cost of the
vendor translation portion by the number of English words in the original document, not
adjusting for inflation. Words per minute (WPM) are calculated using the total time and
number of English words.

We chose 3 of the 11 documents from the time and task analysis, based on the type of
document, language, and length (<1500 words) to translate into Spanish using MT.
Posteditors conducted timed postediting of the translations using the same process as
described in Phase 1. Quality raters were then recruited to blindly rate the postedited MTs
against their Spanish HT counterparts, in terms of preference as described in Phase 1. Each
of these preferences was then tallied using a voting-style system where each reviewer’s
preference would account for 1 “vote” for that type of translation. If reviewers declared the
translations equivalent, it counted as 1 vote for each.

*Posttranslation tasks differed by project. In some, the internal quality assurance reviewers incorporated their edits as a part of their
initial review. In others, quality assurance reviewers’ edits were returned to the vendor for incorporation into the document. Some
projects included a final edit after the quality assurance edits had taken place, while some did not. The times listed are appropriate to
the tasks that occurred in each project but are therefore potentially not directly comparable.
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Results

Health department HT time analysis: Phase 2 results

As shown in Table 2, it took a minimum of 2 days, and up to 35 days, for a document to go
through the entire translation process, with an average time of 15 days. These times included
pretranslation activity and quality assurance activities. These are tasks that would remain if
MT were used. The manual portion of the translation process, which was performed by
commercial translation vendors contracted by the public health departments in this analysis,
took anywhere from 17 hours (rush orders) to 6 days, with an average of about 3 days. These
numbers reflect the total time for all translation activities required to complete a given
translated document. This does not imply that the vendor or posteditor was working on the
document continuously for that long. Since the document cannot be publicly distributed until
completed, however, assessing the total time is relevant, especially in an emergency or crisis
situation. The costs of HT, based on invoices, ranged from $130 up to $1220. The costs
varied, depending on the word count and the number of languages involved (Table 2). The
estimated times for postediting the human-translated documents ranged from 1 to 12 hours
and WPM ranged from 1.58 to 5.88, with an average time of 3.30 WPM.

The calculated postediting times following MT were 2 to 10 times faster than the estimates
of the postediting times following HT (Table 3). Postediting of MT documents took between
28 and 85 minutes and WPM ranged from 10.32 to 13.40, with an average time of 11.76
WPM.

Quality analysis: Phase 1 results

Supplemental Digital Content Table 2 (available at http:/links.lww.com/JPHMP/A52)
presents the results of Phase 1. The quality analysis for Phase 2 is given in Table 3. The
quality analysis was performed only with Spanish documents.

Reviewer preferences were combined from both Phase 1 and Phase 2, which resulted in 36
“votes” for HT and 37 “votes” for MT. These numbers are almost exactly the same, with a 1-
vote preference for MT.

Discussion

This study presents an analysis of time, cost, and quality comparisons of machine-translated/
human postedited public health documents with those translated completely by humans. It is
clear from other research that using MT alone will not guarantee that a given translation will
communicate the intended message.2® In quality comparisons of HT versus MT, however,
MT with human postediting has comparable quality (as judged by bilingual public health
translators) with human-translated documents. In addition, MT results in average postediting
times of approximately 12 WPM whereas HT of the same documents results in much slower
average postediting times of approximately 3 WPM (Table 3).

Businesses have begun to harness the power of MT for the increasingly global economy.30
They recognize that society is progressively more mobile and more international and that
multiple languages must be accommodated in every aspect of public-facing
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communication.31 While MT is not the only solution to this problem,32 it is one of the most
effective and least costly. By moving toward the model of MT with human postediting, the
goals of ensuring access and lowering costs while also maintaining the quality and accuracy
that are vital to public health communication can be achieved. The most obvious cost
savings with MT arise from eliminating the cost of paying an outside vendor or in-house
translator for the initial HT. The cost savings generated from eliminating the cost of
translation services could result in more documents being translated on a yearly basis. On
the basis of costs estimated in this study, these documents cost an average of $365 each to
translate. Postediting a machine-translated document took an average of 1 hour. By using
MT for this initial translation and assuming an average hourly wage of $18,T 20 documents
could be postedited for the cost of 1 vendor-translated document. Since access to language-
specific health information has been shown to reduce health disparities,33 increasing the
number of translated documents would greatly benefit limited English proficiency
populations.

There are limitations to this study. The cost analysis is minimal and not intended to represent
a complete cost-effectiveness analysis but rather a preliminary indication of cost reductions
that can be achieved through MT with postediting. The number and type of documents
analyzed may not be completely representative of the yearly output of public health
departments. The time for postediting the human-translated documents was estimated on the
basis of self-reports rather than observed. Another limitation is that the postediting times for
machine-translated documents were determined in a controlled setting, whereas in the field,
these documents will be postedited as part of a normal workflow. The quality analysis was
performed with public health professionals involved in translation activities; however, they
were not performed using the target audiences.

Conclusion

By eliminating the time taken to perform HT, and using local resources to postedit
documents, MT can both lower costs and provide additional job demand for bilingual public
health staff, without compromising translation quality. The savings in time and money may
allow for an increased number of documents to be translated in a year while freeing up
translators to focus on postediting tasks, thus reducing the time it takes to bring vital public
health messages to limited English proficiency groups.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

The research reported here was supported by the National Library of Medicine (NLM) of the National Institutes of
Health (NIH) under award number R01 10432704. Dr Bergman was supported in part by the NIH NLM Training
grant (no. 2T15LM007442) at the University of Washington. The content is solely the responsibility of the authors
and does not necessarily represent the official views of the NIH.

TWage estimated using Washington State Department of Personnel data.

J Public Health Manag Pract. Author manuscript; available in PMC 2017 September 20.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Turner et al.

Th

Page 8

e authors thank the employees of Public Health-Seattle & King County and the Washington State Department of

Health who participated in this study. The authors also thank Hannah Mandel for her review of the manuscript.

References
1

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

. Migration Policy Institute. [Accessed April 16, 2013] Limited English proficient individuals in the

United States: linguistic diversity at the county and state Level. http://
www.migrationinformation.org/integration/languageportal. Published February 27, 2013

. US Department of Justice. [Accessed April, 29, 2013] Limited English proficiency—LEP—thinking

outside the box. http://www.lep.gov/resources/recipbroch.html

. [Accessed March 3, 2013] Civil Rights Act of 1964, Pub L. No. 88-352, 78 Stat 241. 1964. http://

www.archives.gov/education/lessons/civil-rights-act

. [Accessed April 14, 2013] Executive Order 13166, President Clinton. 2000. http://www.lep.gov/

13166/e013166.html

. Goel M, Wee C, McCarthy E, Davis R, Ngo-Metzger Q, Phillips R. Racial and ethnic disparities in

cancer screening the importance of foreign birth as a barrier to care. J Gen Intern Med. 2003;
18(12):1028-1035. [PubMed: 14687262]

. Tinoco, L. Joint Commission Resources, Inc. Providing Culturally and Linguistically Competent

Health Care. Oakbrook Terrace, IL: Joint Commission Resources; 2006.

. Jacobs EA, Shepard DS, Suaya JA, Stone EL. Overcoming language barriers in health care: costs

and benefits of interpreter services. Am J Public Health. 2004; 94(5):866-869. [PubMed:
15117713]

. Willson A. Fundamental causes’ of health disparities. Int Sociol. 2009; 24(1):93-113.
. Wang J, Miller NA, Hufstader M, Bian Y. The health status of Asian Americans and Pacific

Islanders and their access to health services. Soc Work Public Health. 2008; 23(1):15-43.

. DeCamp LR, Choi H, Davis MM. Medical home disparities for Latino children by parental
language of interview. J Health Care Poor Underserved. 2011; 22(4):1151-1166. [PubMed:
22080700]

Saechao F, Sharrock S, Reicherter D, Livingston JD, et al. Stressors and barriers to using mental
health services among diverse groups of first-generation immigrants to the United States.
Community Ment Health J. 2012; 48(1):98-106. [PubMed: 21655942]

Bircher H. Prenatal care disparities and the migrant farm worker community. MCN Am J Matern
Child Nurs. 2009; 34(5):303-307. [PubMed: 19713799]

Lora CM, Daviglus ML, Kusek JW, et al. Chronic kidney disease in United States Hispanics: a
growing public health problem. Ethn Dis. 2009; 19(4):466-472. [PubMed: 20073150]
Lopez-Quintero C, Berry EM, Neumark Y. Limited English proficiency is a barrier to receipt of
advice about physical activity and diet among Hispanics with chronic diseases in the United States.
J Am Diet Assoc. 2009; 109(10):1769-1774. [PubMed: 19782177]

Yoo HC, Gee GC, Takeuchi D. Discrimination and health among Asian American immigrants:
disentangling racial from language discrimination. Soc Sci Med. 2009; 68(4):726—732. [PubMed:
19095340]

Glover S, Bellinger JD, Bae S, Rivers PA, Singh KP. Perceived health status and utilization of
specialty care: racial and ethnic disparities in patients with chronic diseases. Health Educ J. 2010;
69(1):95-106.

Chen J, Rizzo J, Rodriguez H. The health effects of cost-related treatment delays. Am J Med Qual.
2011; 26(4):261-271. [PubMed: 21478458]

Shin, HB., Kominski, RA. US Department of Commerce. Language Use in the United States:
2007. Washington, DC: US Census Bureau; 2010. American Community Survey Reports ACS-12

Centers for Disease Control and Prevention, Office for State, Tribal, Local and Territorial Support.
[Accessed March 14, 2013] 10 Essential Public Health Services. http://www.cdc.gov/nphpsp/
essentialservices.html. Published December 9, 2010

Depraetere, 1. Perspectives on Translation Quality. Berlin, Germany: De Gruyter Mouton; 2011.
Garcia I. Is machine translation ready yet? Target. 2010; 22(1):7-21.

J Public Health Manag Pract. Author manuscript; available in PMC 2017 September 20.


http://www.migrationinformation.org/integration/languageportal
http://www.migrationinformation.org/integration/languageportal
http://www.lep.gov/resources/recipbroch.html
http://www.archives.gov/education/lessons/civil-rights-act
http://www.archives.gov/education/lessons/civil-rights-act
http://www.lep.gov/13166/eo13166.html
http://www.lep.gov/13166/eo13166.html
http://www.cdc.gov/nphpsp/essentialservices.html
http://www.cdc.gov/nphpsp/essentialservices.html

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Turner et al.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Page 9

Wu C, Xia F, Deleger L, Solti I. Statistical machine translation for biomedical text: are we there
yet? AMIA Annu Symp Proc. 2011; 2011:1290-1299. [PubMed: 22195190]

Cribb VM. Machine translation: the alternative for the 21st century? Tesol Q. 2000; 34(3):560—
568.

Green, S., Heer, J., Manning, C. The efficacy of human post-editing for language translation. Paper
presented at: Association of Computer Machinery’s CHI 2013 Conference; April 27, 2013; Paris,
France.

Aziz, W., Sousa, SCM., Specia, L. PET: a tool for post-editing and assessing machine translation.
Paper presented at: Proceedings of LREC’12: Eighth International Conference on Language
Resources and Evaluation; May 2012; Istanbul, Turkey.

Rosemblat G, Gemoets D, Browne AC, Tse T. Machine translation-supported cross-language
information retrieval for a consumer health resource. AMIA Annu Symp Proc. 2003; 2003:564—
568.

Kirchhoff K, Axelrod A, Turner AM, Saavedra F. Application of statistical machine translation to
public health information: a feasibility study. J Am Med Inform Assoc. 2011; 18(4):473-478.
[PubMed: 21498805]

Brownstein, M., Capurro, D., Cole, K., Karaz, H., Turner, AM. Improving access to translated
materials through machine translation. Paper presented at: Joint Conference on Health; October
2011; Vancouver, WA.

Muller, C. Machine translation post-editing holds the key to MT success. CSOFT; http://
www.csoftintl.com/Machine-Translation-Post-Editing-Holds-the-Key-to-MT-Success. pdf.
Published 2010 [Accessed April 13, 2013]

Nirenburg, S., Somers, HL., Wilks, Y. Readings in Machine Translation. Cambridge, MA: MIT
Press; 2003.

St Amant, K. Linguistic and Cultural Online Communication Issues in the Global Age. Hershey,
PA: Information Science Reference; 2007.

Anastasiou D, Gupta R. Comparison of crowdsourcing translation with machine translation. J
Inform Sci. 2011; 37(6):637-659.

Gany FM, Shah SM, Changrani J. New York City’s immigrant minorities. Reducing cancer health
disparities. Cancer. 2006; 107(suppl 8):2071-2081. [PubMed: 16983657]

J Public Health Manag Pract. Author manuscript; available in PMC 2017 September 20.


http://www.csoftintl.com/Machine-Translation-Post-Editing-Holds-the-Key-to-MT-Success.pdf
http://www.csoftintl.com/Machine-Translation-Post-Editing-Holds-the-Key-to-MT-Success.pdf

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Turner et al. Page 10

Health promotion documents from local health department

Machine translation
(researchers)

Human translation
(health department)

Human postediting
(2 concurrent posteditors per
document)

T

¢

Randomly choose 1 postedited
translation per document

T Pair HT, MT, and English originals <«

Public health practitioners blindly
choose preferred translation

FIGURE.
Quality Comparison of HT Versus MT + Human Postediting

J Public Health Manag Pract. Author manuscript; available in PMC 2017 September 20.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Turner et al.

TABLE 1

Page 11

Types and Titles of 11 Human-Translated Documents at Public Health—Seattle & King County

Document No.

Document Title

Topic

Document Type

1

10
11

“Unusual Rise in Heroin Overdose Deaths Over
Weekend”

“King County Closed for All Species of Shellfish
Harvesting”

“PrEP Q&A: Using HIV Drugs to Prevent HIV
Infection”

“Disaster Buddies!”
“HIV and STD Testing”

“Refugee Communication Survey”

“Farmers Market Temporary Food Service
Enforcement Procedure”

“Electricity for Your Restaurant Will Not be
Available June 5th/6th”

“Planned Power Outage: Keeping Your Food Safe
to Eat”

“Why HIV Testing Is Important for YOU!”

“Prevent the Spread of Whooping Cough
(Pertussis)”

Health alert regarding heroin overdoses

Shellfish harvesting closure due to
paralytic shellfish poisoning risk

HIV preexposure prophylaxis

Emergency preparedness
HIV and STD testing

Cell phone use among refugees

Enforcement of food permit rules

Safety and legal requirements during
planned electrical outage

Food safety tips during planned
electrical outage

HIV testing

Free pertussis vaccine clinic

Press release and flyer

Press release

Fact sheet

Children’s coloring book
Web page

Survey and information
sheet

Fact sheet

Fact sheet

Flyer

Fact sheet

Flyer

Abbreviation: STD, sexually transmitted disease.
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