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ABSTRACT

Mixed studies reviews include empirical studies with diverse designs (qualitative, quantitative and mixed
methods). To make the process of identifying relevant empirical studies for such reviews more efficient,
we developed a mixed filter that included different keywords and subject headings for quantitative (e.g.,
cohort study), qualitative (e.g., focus group), and mixed methods studies. It was tested for six journals
from three disciplines. We measured precision (proportion of retrieved documents being relevant),
sensitivity (proportion of relevant documents retrieved), and specificity (proportion of non-relevant
documents not retrieved). Records were coded before applying the filter and compared with retrieved
records, and descriptive statistics were performed, suggesting the mixed filter has high sensitivity, but
lower precision and specificity (close to 50%). Next, based on the success of the filter, we developed an
automated text classification system that can automatically select empirical studies in order to facilitate
systematic mixed studies reviews. Several algorithms were trained and validated with 8,050 database
records that were previously manually categorized. Decision trees had the best results and surpassed the
accuracy of the filter by 30% when using full-text documents. This algorithm was then adapted into an
online format that can be used by researchers to analyze their bibliography and categorize records into

“empirical” and “nonempirical”.
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1. MIXED STUDIES REVIEW

In mixed studies reviews, diverse empirical research (qualitative, quantitative, and mixed
methods) is reviewed concurrently, to develop a breadth and depth of understanding and corroboration
of scientific knowledge (Pluye & Hong, 2014; Pluye et al., 2016). Mixed studies reviews can address
complex research questions, and are therefore becoming increasingly popular in all health disciplines
(Shaw et al., 2014). There has been significant methodological advancement of mixed studies reviews in
the last decade, and a toolkit for researchers designing, conducting and reporting systematic mixed
studies reviews has been developed and is accessible in an open-access format (Pluye et al., 2018).

As in other reviews, the first key step of a mixed studies review is the identification of potentially
relevant studies in bibliographic databases. However, due to the high number of potentially irrelevant
scientific publications that may be retrieved, this may be a very time consuming and labour intensive
step for reviewers (Bjork et al., 2009; Gough et al., 2012; Jinha, 2010). While there are search strategies
for retrieving some specific designs such as randomized controlled trials, there is no search filter to
retrieve common types of empirical papers (i.e., papers reporting qualitative, quantitative and mixed
methods studies) for mixed studies reviews. Our goal, there- fore, was to develop a filter and,
subsequently, an online tool that facilitates the identification of empirical records for information

professionals, researchers, students, and educators that are conducting mixed studies reviews.

2. BIBLIOGRAPHIC DATABASE FILTER: THE MIXED FILTER

Our search of the literature yielded no search filter to retrieve studies with diverse qualitative,
quantitative and mixed methods research designs. Thus, three health librarians reviewed the literature on
bibliographic database filters and proposed a mixed filter consisting of a collection of search terms to
identify common empirical studies in bibliographic databases. This mixed filter included a combination
of keywords and subject headings for quantitative (e.g., cohort study), qualitative (e.g., focus group), and
mixed methods. It was developed for Ovid MEDLINE, adapted for different bibliographic databases
(Embase, PsycINFO, and CINAHL), and pilot tested in a systematic mixed studies review (Pluye et al.,
2019). It is available for free via the ‘Identify potential relevant studies’ page of the mixed studies reviews
wiki (http://toolkit4mixedstudiesreviews.pbworks.com) (Pluye et al., 2018).

We then evaluated the performance of this filter in terms of sensitivity, specificity and precision
(EI Sherif et al., 2016). The mixed filter was tested in six journals from three disciplines that include
studies with complex research questions and diverse research designs: Primary Care, Medical

Informatics, and Public Health and Epidemiology. We selected two journals from each discipline, one



with a high im- pact factor and thus a higher proportion of more frequently cited empirical research, and
one with a lower impact factor. We focused on articles published between 2008 and 2013, to ensure we
obtained a manageable sample of database records with at least 250 records per journal. For each journal,
the primary author coded database records as empirical (relevant) when they described a research
question or objective, data collection, analysis, and results. The mixed filter was then applied to each
journal and the author identified how many of the empirical records were retrieved or missed. Descriptive
statistics were performed, and we measured precision (proportion of retrieved relevant documents),
sensitivity (proportion of relevant documents retrieved), and specificity (proportion of non-relevant
documents not retrieved).

The overall performance across all six journals suggested a high sensitivity of 89.5% but lower
precision and specificity, respectively of 60.4% and 54.5%. This is very promising: sensitivity is key for
systematic mixed studies reviews where the goal is to a achieve a comprehensive and exhaustive retrieval
of database records (retrieve almost all relevant records). The results of this project indicate that the

mixed filter is useful for conducting a mixed studies review.

3. DEVELOPMENT AND PERFORMANCE OF AN AUTOMATED TEXT CLASSIFICATION

Automated text classification is a method that automatically classifies texts into pre-defined
categories (Sebastiani, 2002). It has been explored in systematic reviews and shown to reduce the time
needed to screen records by more than 50% without any loss of relevant studies (Thomas, 2013). This
can allow the identification of potential relevant studies using algorithms, and screening potential
relevant studies (Thomas et al., 2011). A recent systematic review examining the use of text mining in
the screening of records for systematic reviews concluded that it can reduce the workload by between
30% and 70% (O’Mara-Eves et al., 2015).

We used the mixed filter as a baseline to develop an automated text classification system that can
automatically classify empirical studies in order to facilitate mixed studies reviews. To test the
performance of this system several algorithms were trained and validated with 8,050 database records
that were previously manually categorized (Langlois et al., 2018). The efficiency of each of the
algorithms was measured using sensitivity, precision, specificity and accuracy. Decision trees had the
best results and surpassed the accuracy of the filter by 30% when using full-text documents. Results also
showed that selection of relevant features can be improved by mixing observable terms with concepts

from a meta-thesaurus.

4. ATCER: THE AUTOMATED TEXT CLASSIFIER OF EMPIRICAL RESEARCH



Based on the above-mentioned results, the most performant algorithm (Decision trees) was used
to implement an online classifier that can be used by students and researchers to categorize records from
their bibliography into “empirical” and “nonempirical”. The online tool, the Automated Text Classifier
of Empirical Research (ATCER), analyzes the titles and abstracts of the bibliography and provides a
“probability” percentage for the record being empirical or not empirical (Fig. 1). It is freely available
online: https://babel.iro.umontreal.ca. By default, records are deemed ‘empirical” when the result is 50%
and above, and ‘non-empirical’ when the result is below 50%, which saves half of the selection-related
time/resource. However, the user can decide to modify the cut-off threshold depending on the number of
retrieved records, available resources and timeline of their mixed studies review.

The usability of ATCER was pilot tested and reviewed with the help of six researchers with
experience conducting systematic mixed studies reviews using an existing test bibliography or their own
bibliography. All uploaded bibliographies are stored in a secured server and will be used for continuous
improvement of the algorithm. A future study will explore the performance of ATCER using a larger

sample of records to suggest cut-off thresholds for the probability of a study being empirical.

5. CONCLUSION

To our knowledge, no other tool exists to reduce the workload and increase efficiency of the study
selection step of mixed studies reviews. As information professionals are encouraged and expected to
participate in these reviews, we believe the mixed filter and ATCER may provide concrete help during
the process. We encourage researchers and students to use these tools while conducting their reviews and

provide constructive feedback on how they can be improved.
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Fig. 1. Screenshot from the results in the ATCER website.
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