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Abstract

Data extraction is a time-consuming and resource-intensive task in the system-

atic review process. Natural language processing (NLP) artificial intelligence

(AI) techniques have the potential to automate data extraction saving time and

resources, accelerating the review process, and enhancing the quality and reli-

ability of extracted data. In this paper, we propose a method for using Bing AI

and Microsoft Edge as a second reviewer to verify and enhance data items first

extracted by a single human reviewer. We describe a worked example of the

steps involved in instructing the Bing AI Chat tool to extract study characteris-

tics as data items from a PDF document into a table so that they can be com-

pared with data extracted manually. We show that this technique may provide

an additional verification process for data extraction where there are limited

resources available or for novice reviewers. However, it should not be seen as a

replacement to already established and validated double independent data

extraction methods without further evaluation and verification. Use of AI tech-

niques for data extraction in systematic reviews should be transparently and

accurately described in reports. Future research should focus on the accuracy,

efficiency, completeness, and user experience of using Bing AI for data extrac-

tion compared with traditional methods using two or more reviewers

independently.

KEYWORD S

AI, artificial intelligence, Bing, data extraction, machine learning, systematic review

Highlights

What is already known
• Data extraction in systematic reviews take a substantial amount of time to

undertake.
• Natural language modelling may provide possible methods for enhancing

data extraction processes.
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What is new
• Our paper shows how to use Bing AI to facilitate in data extraction.
• Our paper also discusses the strengths and weaknesses of this approach and

recommendations for future development of research.

Potential impact for Research Synthesis Methods readers
• Our paper provides a standard method which would facilitate in standardis-

ing the use of Bing AI for data extraction.
• Using Bing AI for data extraction may provide enhancements regarding

increase accuracy and in timesaving.

1 | INTRODUCTION

Systematic reviews are inherently time-consuming and
resource-intensive.1 It reflects the rigorous and compre-
hensive nature of the processes involved, as well as the
requirement for transparency to allow appropriate scru-
tiny and replication.2,3 The process of manually extract-
ing relevant data from numerous research articles is a
stage that necessitates a considerable amount of reviewer
involvement.1 Reviewers need to carefully read and ana-
lyse each paper, identify relevant information, and
extract data according to predetermined criteria.4 Despite
this large time-burden, errors in this process can be quite
common and are often missed.5,6 These errors can lead to
substantial issues and in some cases lead to notable
changes in the effect estimates presented.6

Natural language processing (NLP) artificial intelli-
gence (AI) techniques hold significant potential in revo-
lutionising data extraction for systematic reviews.7 NLP
enables computers to understand and interpret human
language, making it an ideal tool for extracting relevant
data from a vast corpus of textual information.8 By
leveraging NLP algorithms, researchers can automate the
extraction process, significantly reducing the manual
effort required.1 NLP algorithms can identify and extract
key information such as study characteristics, outcomes,
and statistical data from research papers.1,9 By harnessing
the power of NLP, systematic reviewers may save sub-
stantial time and resources, accelerate the review process,
and enhance the overall quality and reliability of the
extracted data.9,10 One of these models which has been
given a large amount of public attention and may provide
opportunities to enhance the data extraction process is
ChatGPT.11–13 However, despite the potential opportuni-
ties there have been many concerns regarding how and
when ChatGPT should be used to facilitate systematic
reviews.12 This field is constantly evolving and a recent
development for this language model has been the inte-
gration to the Bing search engine.14 This integration
allows ChatGPT to be used with portable document

format (PDF) documents for data extraction. This article
will describe how Bing AI and MICROSOFT EDGE can
be used to perform data extraction and discuss the future
of this technology.

2 | METHOD FOR USING BING AI
AND MICROSOFT EDGE FOR DATA
EXTRACTION IN A SYSTEMATIC
REVIEW

2.1 | Aim

This paper will aim to describe a method of a single
reviewer carrying out independent data extraction first
and then using Bing AI as a second reviewer to verify/
enhance the accuracy of data extraction.

2.2 | Requirements

At this point, using Bing AI as a primary mode of data
extraction is strongly ill-advised without further examina-
tion and testing of its accuracy in multiple domains and
scenarios. For the purpose of this article, the instructions
will be based around the use of Microsoft Edge (Version
119.0.2151.44 (Official build) (64-bit)) on a personal com-
puter running Windows 11 (09/06/2023). For this demon-
stration, a recent systematic review completed within the
team, looking at the effectiveness of diagnostic steward-
ship, will be used as example data. The use of a PDF ver-
sion of all included studies is recommended for this
process. Bing AI can data extract from website versions of
papers, however, this may lead to possible additional
errors due to non-relevant information being on the web-
page. Furthermore, it is important to note that this
method does not work well for conference proceedings as
these documents typically have more than one article
within the PDF making it difficult for the system to iden-
tify the specific paper.
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2.3 | Stage I: Independent data
extraction (reviewer one)

1. For this instructional paper, it is assumed that you
already have fundamental knowledge regarding data
extraction methodology. For further guidance on how
to undertake data extraction please see the Cochrane
Handbook Chapter 5.15 The first stage is to undertake
data extraction independently by a single reviewer,
using your chosen pre-piloted data extraction form. In
cases where it is suitable, we recommend using Excel
for a seamless process of copying and pasting results,
making it easier to compare them at later stages
within this method. It is essential to carry out this step
first to avoid any type of bias which may be intro-
duced by using the AI system first. If using a table for
data extraction it is important to place the data items
within the columns and place the extracted data
within the rows, as this will make it easier for the
matching of Bing AI outputs. See Table 1 for example.

2.4 | Stage II: Bing automated data
extraction (verification of reviewer one)

For the second stage, users should ensure that the most
up-to-date version of Microsoft Edge is installed on your
given device, and you are logged into a Microsoft account
within the browser.

1. To check you are running the most up-to-date version
of Microsoft Edge, open the application and click on
the three dots in the top righthand corner. Select “Set-
tings” on the drop-down menu and then click on
“About Microsoft Edge” on the left side of the screen.
If a message appears stating “Microsoft Edge is up to
date” then no further action is required, if the message
does not appear updates will need to be downloaded.

(Microsoft Edge, 2023).17

2. To login to use Bing AI you will need to Click on the
profile image located in the browser taskbar of Micro-
soft Edge

(Microsoft Edge, 2023).17

3. From the available options, select the account you wish
to sign in to. Alternatively, you can choose “Add new
account” if you want to add a new account. To synchro-
nise your data, click on “Sign in to sync data.” If you see
your Microsoft email address, it means you are already
signed in. Certain organisations might oversee the Bing
Chat sidebar and restrict the user from enabling it, even
if they have set up and signed into a personal account.
In this case it may be preferable to conduct the work on
your own personal device rather than a work device.

4. After signing in the next step is to click on the “Bing
AI” symbol in the top right corner.

(Microsoft Edge, 2023).17

5. By clicking on the symbol you will be presented with the
three options, see below. If the options below do not
appear in the sidebar, click on the three horizontal dots
in the top-right hand corner of the browser, go to
“Settings,” click “Reset Settings,” and then in the Reset
settings window click “Restore setting to their default
values” to reset the browser. If at subsequent stages in
the process, “Bing AI” resets to the “Discover” and the
three options disappear, users may need to “Reset Set-
tings” again.

(Microsoft Edge, 2023).17

6. The next step is to click on the vertical three dots in
the sidebar and then select the “Notification and App
settings.”

HILL ET AL. 3
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(Microsoft Edge, 2023).17

7. In the settings, you need to allow the app to gain
access to the webpage by ensuring that the setting for
“Page context” option is selected.

(Microsoft Edge, 2023).17

8. After this is selected, you will first need to open up
the PDF of the paper for data extraction. This can be
performed by simply dragging the PDF document into
the web browser or alternatively right click on the
PDF document and select “Open with” and then
“Microsoft Edge.”

(Microsoft Edge, 2023).18

9. When the PDF document is opened in Microsoft Edge
click back on the Bing AI icon and select “Chat.” We
recommend using a “Balanced” setting initially but
this may need to be adjusted to “Precise” for certain
domains.

(Microsoft Edge, 2023).17

10. The next stage is to enter the command for data
retrieval within the “Ask me anything…” field. This
command will need to ask the system to identify your
data items which you included in your data extraction
form. At the end of your data items, you need to indi-
cate for the system to place this information in a table.
The request below was given without any prior training
or development19 and was able to accurately retrieve
the given data items for the example study.

“What is the aim, country, town, type of study, popu-
lation, sample size, clinical setting of this study. Can you
place the information in a horizontal table.”

As can be seen within Table 2, Bing AI was able to
accurately retrieve the data items. However, it is important
to note Bing AI will not be able to easily generate coded
data items, for example, as you can see within type of clini-
cal setting column. If the system does not produce the
appropriate output you require, it is important to adjust the
enquiry and repeat until you feel that the system is produc-
ing a reliable and consistent output for that data item. For
example, if the term “sample size” is used but you are par-
ticularly interested in the number of blood samples taken
rather than number of participants in the study, you may
need to refine your question to specifically refer to the test
sample type. As an example presented in Table 2, the num-
ber retrieved regarding sample size was based upon individ-
uals in the study rather than samples taken.

4 HILL ET AL.
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If needed, you can ask for additional detail on any given
item by requesting further information on the given data
item, for example “tell me more about the aims of the
study.” After the system has completed generating the table,
if your data extraction table has been structured in a hori-
zontal format (as indicated above), the information should
be easily copied and pasted directly into Excel. To continue
data extraction, select the next PDF document for data
extraction and repeat from 2.8 onwards.

3 | DISCUSSION

3.1 | Strengths and weaknesses of the
approach

From our initial assessments, this technique may provide
the opportunity to add an additional verification process
for extracting simple data items for either novice
reviewers or where there are limited resources. Currently
this system is scalable and has no known capacity restric-
tions. Furthermore, there does not seem to be any plans

to make this functionality within Microsoft Edge a paid
service. Therefore, outside the generation of the com-
mand and opening up and running the enquiry for each
paper, there are minimal staffing costs compared to tradi-
tional data extraction methods. At present, Bing AI does
not provide any methods to undertake more complicated
data retrieval processes, such as assessment of bias. It is
also important to be aware that for more complicated
data extraction requests, the accuracy of retrieval may
vary. Furthermore, this system may also provide substan-
tial variation in accuracy of data retrieval in more com-
plex domains. Currently Bing AI does not offer the ability
to tweak the model to optimise recall outside the global
conversational style categories.

3.2 | Future research

This technique is in its infancy, however, as with all sys-
tematic review methodological processes it is essential to
ensure transparency and repeatability.20 Moving forward,
it will be important to create a standardised reporting

TABLE 1 Example layout of a data extraction table.

Study
name Aims of study Country

Town/
city

Study
type Population

Sample size
at start of
study

Clinical
setting

Fleming
et al16

The aim of the study was
to assess the influence
of computerised
clinical decision
support (CCDS) on the
appropriateness of C.
difficile testing.

United
States of
America

Maryland Before
and
after
study

Hospitalised patients
undergoing C.
difficile testing

280 patients Secondary
care
medicine
unit

TABLE 2 Data extraction single reviewer versus Bing AI data extraction.

Data

extraction

method Aim Country Town Type of study Population Sample size

Clinical

setting

Single reviewer

data

extraction

The aim of the study

was to assess the

influence of

computerised

clinical decision

support (CCDS)

on the

appropriateness of

C. difficile testing.

United

States of

America

Baltimore Before and after

study

Hospitalised patients

undergoing C.

difficile testing

280 patients Secondary

care

medicine

unit

Bing AI data

extraction

Evaluate the impact

of computerised

clinical decision

support (CCDS)

on the

appropriateness of

C. difficile testing

The United

States of

America

Baltimore, MD Quasi-

experimental

study

Consecutive

hospitalised

patients

undergoing C.

difficile testing

from 2/19/16 to

3/19/16

280 patients in pre-

intervention

group and 167

patients in post-

intervention

group

Academic

hospital

HILL ET AL. 5
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mechanism, which details the exact role the AI system
took within the data extraction process. The PRISMA
2020 currently only makes specific reference to auto-
mated tools regarding study selection.21 However, the
PRISMA reporting standard does mention specific princi-
ples which may be transferable to data extraction. In the
context of using AI for data extraction these would be,
first to indicate the exact method of how the AI was used
for data extraction (e.g., second reviewer, verification
only and first reviewer was independent of AI results).
Second, to indicate the version of the technology, as this
technology is constantly evolving it would be appropriate
to also indicate the date of use. Third, if any additional
processes were used regarding “training the system” prior
to undertaking the data extraction process. This will be a
description of any type of pre-set questions or enquiries
which were given to the system prior to requesting the
data extraction. Fourth, where this system is used, any
validation process should be reported with levels of
agreement achieved. Finally, as this is an enquiry-based
system the exact enquiry used to request information
should be given in full.

As applications develop, it would be helpful if the sys-
tem could provide greater transparency in exactly what
information from the document is being used to generate
each individual data item. Within similar data extraction
systems such as RobotReviewer, this allows clear tracking
of what information has been used to generate each individ-
ual data item,22 which helps to reassure that the data items
identified are valid. Despite this transparency, recent studies
in this area have indicated that there is still substantial scep-
ticism regarding the adoption of automated data extraction
systems.23 Therefore, improved transparency and further
validation of Bing AI is required.

3.3 | Future research

Future research on using Bing AI for data extraction
(as described in this paper) should explore the recall, pre-
cision, efficiency, reliability (extraction time), complete-
ness, and user satisfaction compared to traditional double
verified data extraction. Given the characteristics of the
generative AI employed in Bing, it becomes crucial for
the predictive model to consistently generate results.
Consequently, it will be essential to include additional
evaluations of repeatability as a component of future
research efforts. If feasible, a separate, independent,
double-verified gold standard data extraction dataset
should be generated for comparison of the two
methods.24 An independent assessor should compare
both methods to the gold standard with clear and trans-
parent criteria regarding both positive data extraction

and completeness. Future research may want to explore
possible moderating factors of experience of reviewers,
subject domain, complexity of data items and level of
Bing AI training/question development prior to data
extraction.

4 | CONCLUSION

Bing AI may be used to enhance a single reviewer data
extraction method or facilitate in helping a novice single
reviewer to improve their data extraction methods. However,
without verification it should not be seen as a replacement to
already established and validated double independent data
extraction methods. It is important that future use and
research in this area uses transparent and standardised
methods of reporting of use. Future research should focus on
assessing key outcomes and possible moderating factors.
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