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a b s t r a c t

The use of evidence-based practices in education has been gaining a lot of attention in recent years.
Researchers often use meta-analyses to identify evidence-based practices. To conduct meta-analyses of
studies employing single-subject experimental research (SSER) designs for the purpose of identifying
evidence base for a practice, a necessary step is to obtain raw data from published graphs. One method
for obtaining raw data from published SSER graphs is the use of computer programs specifically designed
to extract data from graphs. Purpose of the present study was to examine the reliability and validity of
three data extraction programs, Ungraph, GraphClick, and DigitizeIt, using 60 graphs obtained from 15
SSER studies focused on a practice. Three coders extracted data from the graphs using the three pro-
grams. Values extracted by each coder were compared to (a) each other (reliability) and (b) values re-
ported in the original articles in which the graphs were obtained from (validity). Results showed that raw
data from SSER graphs can be obtained reliably using all three data extraction programs and values
obtained using the three programs are highly valid. These results suggest that researchers can use data
extracted using these programs with a high level of confidences while conducting meta-analyses of
studies employing SSER designs. Authors make recommendations for improving the accuracy of data
extraction using the three programs.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Movements towards the use of effective educational practices
developed from scientifically based research in the classrooms to
support development of all students including those with disabil-
ities have necessitated the identification of evidence-based prac-
tices in education (Cook & Cook, 2013; Shavelson & Towne, 2002).
Consequently, in recent years, several organizations and research
groups have begun to identify such practices (Cook & Cook, 2013).
For example, in 2002, the U.S. Department of Education awarded
$18.5 million to the Institute for Education Science to establish the
WhatWorks Clearinghouse (WWC). The main goal of theWWC has
been to identify reliable and scientifically based educational prac-
tices fromwhich educators couldmake informed choices (Simpson,
2005).

The WWC and other organizations use meta-analysis, best-ev-
idence synthesis, and systematic reviews of the literature to

determine evidence-based practices (Rakap, Snyder, & Pasia, 2014).
The process of identifying evidence-based practices involves eval-
uation of the quality of research design, quality and quantity of
research studies, and magnitude of treatment effect (Cook & Cook,
2013). To determine magnitude of treatment effect, researchers
often need raw data or other statistical estimates calculated using
raw data (e.g., mean and standard deviation). Although group
experimental and group quasi-experimental research studies usu-
ally provide the information necessary to calculate magnitude of
treatment effect, the information to estimate the treatment effect is
rarely provided in studies employing single-subject experimental
research (SSER) designs, as the results of these studies are generally
reported in the form of graphs (Kazdin, 2011; Kratochwill & Levin,
2015; Rakap, 2015; Wolery, Busick, Reichow, & Barton, 2010). Fig. 1
illustrates a graph obtained from a SSER study.

To conduct meta-analyses of studies utilizing SSER designs for
the purpose of determining evidence base for a practice, a neces-
sary step for researchers is to obtain raw data from published
graphs. One method for obtaining raw data from published SSER
graphs is the use of computer programs specifically designed to* Corresponding author.
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extract data from graphs. Purpose of the present study was to
assess the reliability and validity of three such programs: UnGraph
(Biosoft, 2004), GraphClick (Arizona-Software, 2008), and DigitizeIt
(Bormann, 2012). There are several commercially available data
extraction programs in the market. We chose to investigate these
three programs among others because they have recently been
used in meta-analyses of education research studies (e.g., Chenier
et al., 2012; Dart, Collins, Klingbeil, & McKinley, 2014; Flower,
McKenna, Bunuan, Muething, & Vega, 2014; Shadish et al., 2009;
Sham & Smith, 2014; Stephenson & Carter, 2009).

1.1. Literature review

Two recent studies investigated reliability and validity of two
such computer programs (Boyle, Samaha, Rodewald, & Hoffmann,
2013; Shadish et al., 2009). Shadish et al. (2009) used 91 SSER
graphs that were randomly selected from 91 studies to assess
reliability and validity of UnGraph. The reliability of the program
was evaluated by comparing data extracted by two independent
coders and the validity was evaluated by comparing data extracted
by two coders with numerical descriptors (condition mean) of the
graphs that the original authors may have presented in tables or
text, using 44 of the 91 graphs. Authors computed Pearson pro-
ductemoment correlations to assess the relationships between
data extracted by two coders (reliability), and data extracted by two
coders and values reported in original studies (validity). Results of
the study showed high correlations between data extracted by two
different coders (mean r ¼ .959) and between means of values
extracted by two coders and those reported in the original studies
(range r ¼ .968 e .999).

Boyle et al. (2013) replicated the Shadish et al. (2009) study with
GraphClick. The authors used 191 graphs selected from the Journal
of Applied Behavior Analysis to investigate the reliability of Graph-
Click and 15 graphs created with hypothetical data to evaluate the
validity of the program. Three coders independently extracted data
from these graphs. Pearson productemoment correlation analysis
was used to assess (a) the relationship between data extracted by
coders from the 191 graphs (reliability) and (b) the relationship
between data extracted by coders from the 15 graphs with hypo-
thetical data and the actual values used to create those graphs
(validity). Results showed that GraphClick is a reliable and valid
data extraction program with nearly perfect correlations for all
analyses (reliability r ¼ .999, p < .0001; validity r ¼ .999, p < .0001).

1.2. Purpose of the research

Results of these two studies summarized above provide initial
evidence about the reliability and validity of UnGraph and Graph-
Click for extracting data from graphs obtained from SSER studies.

Two different research groups conducted these studies using
different graphs and coders. In addition, graphs used in these
studies to extract data were either randomly selected from pub-
lished studies or selected from studies published in a journal be-
tween certain dates; they were not obtained from studies focused
on a practice. We chose to use graphs obtained from a literature
focused on a specific practice because data extraction programs are
more likely to be used in the context of evidence-based reviews of
identified intervention approaches (Kratochwill et al., 2010).
Moreover, current literature does not include any study that in-
vestigates the reliability and validity of DigitizeIt (Bormann, 2012).
Therefore, the purpose of this study was to assess the reliability and
validity of Ungraph, GraphClick, and DigitizeIt programs by
analyzing data extracted using these programs by the same coders
using the same graphs obtained from SSER studies focused on a
practice. In addition, we aimed to offer tips and guidance for re-
searchers who wish to use one of these programs to extract data
from SSER studies for the purpose of conducting meta-analyses of
such studies.

2. Method

2.1. Sample

Graphs (n ¼ 60) for the present study were obtained from 15
studies previously identified in a systematic review of literature
focused naturalistic instructional approaches (see Snyder et al.,
2015 for a description of search and article selection procedures).
The original review included 40 SSER studies focused on a variety of
naturalistic instructional approaches (e.g., milieu teaching, activity-
based intervention, embedded instruction). For the present study,
we only used graphs taken from studies focused on embedded
instruction. These studies investigated the relationship between
practitioners' or researchers' implementation of embedded in-
struction practices during ongoing activities of preschool class-
rooms and child learning outcomes. The 15 studies were published
between 1984 and 2012 in 8 different journals. On average, each
study contributed 4 graphs to the present study and each graph
included 23.68 data points (range ¼ 7e62).

2.2. Participants

Two doctoral students and a student with Master's degree
(hereafter coders) extracted data from the graphs using the three
data extraction programs. All three coders had experience in SSER
and basic skills to use computers with Microsoft Windows or Mac
OS X operating systems. One of the doctoral students had previous
experience using all three programs. The other two coders did not
have any experience using any of the three programs prior to this
study. Experienced doctoral student was designated as the primary
coder and therefore, extracted data from all 60 graphs using the
three programs. The other two coders were designated as sec-
ondary coders and each extracted data from half of the entire set of
graphs. Prior to coding for the present study, the doctoral student
with experience using the three programs provided a brief training
to the remaining coders. Training included a brief description of
how to extract data using each program, model demonstrations of
data extraction, and practice coding with feedback.

2.3. Materials

2.3.1. Data extraction programs
UnGraph, GraphClick, and DigitizeIt have fairly similar features.

All three programs can import images in most file formats; handle
linear, logarithmic or inverse scales; allow multiple data sets in the

Fig. 1. An example of a graph obtained from a study employing a single-subject
experimental research design. Note. The graph was obtained from Johnston, Nelson,
Evans, and Palazolo (2003).
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