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Abstract Much of the special education literature fea-
tures single-case experimental designs, which tradition-
ally require researchers to determine functional relations
among variables through the visual analyses of line
graphs. Evidence suggests factors aside from the data
influence visual analysis, including line graph construc-
tion. Fields including engineering, behavior analysis,
and psychology have historically propagated standards
related to the visual data displays tomitigate the effect of
arbitrary graph construction on the interpretation of
results. Although evidence suggests graphs featured in
behavior analytic studies do not observe the standards,
the extent to which researchers in special education
adhere to longstanding graphing guidelines remains un-
certain. The following article provides an overview of
graphing standards and examines the adherence of line
graphs from 532 issues of 28 distinct special education
journals to traditional standards of visual display. Re-
sults indicated the majority of special education line

graphs deviate from established line graph construction
standards in important respects. The discussion centers
on the need for updating and disseminating guidelines
regarding line graph construction.

Keywords Line graphs . Single-case . Visual analysis .

Graph construction . Graphing standards

The related disciplines of special education and applied
behavior analysis (ABA) have traditionally relied on
graphic displays of data to inform treatment decisions
and evaluate interventions (Nelson et al., 2016). Graph-
ical display represents a key element of single-case
experimental designs (SCED), which evaluate the effect
of interventions on a single unit of analysis over time
(e.g., participant; Horner et al., 2005). In general, the
presentation of SCED data involves a linear graph in
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which the vertical axis (i.e., y-axis) depicts changes in
an outcome and the horizontal axis (i.e., x-axis) depicts
a unit of time. The detection and determination of ex-
perimental effects and functional relations occurs visu-
ally, without the assistance of formal significance tests
(Kazdin, 2011). Thus, graphical displays complement
the needs of clinicians and allow for the identification of
effective practice in fields serving small populations
(Wendel et al., 2015).

An emerging line of research suggests presentation
characteristics may skew the visual analysis of graphical-
ly depicted data. Chart size and reduction in chart height
negatively affect graphical perception and estimation of
effects of line charts (Heer et al., 2009). A survey of
experts in visual analysis (n = 32) conducted by Dart
and Radley (2017) revealed that y-axes consisting of
truncated percentage scales (e.g., 0–40%) resulted in the
perception of larger treatment effects. A similar study
(Radley et al., 2018) involving expert raters (n = 29)
suggested that the number of data points per x- to y-axis
ratio (DPPXYR), obtained by dividing the horizontal axis
length by the vertical axis length and dividing the quo-
tient by the number of data points permissible within the
horizontal axis, also influences visual analysis. Graphs in
which (1) the two axes approached a similar length, (2)
large numbers of data points appeared on the horizontal
axis, or (3) the horizontal axis included additional space
for ungraphed data tended to result in the identification of
larger treatment effects.

Standards and conventions of graphing have prolif-
erated well in advance of research, affirming the influ-
ence of display characteristics on visual analysis
(Kubina et al., 2017). Increased acknowledgement of
the importance of graphic display has the potential to
rekindle interest in existing standards of graphic display
or encourage a transition toward new standards. As
evidence continues to emerge, the rationale for existing
standards and the extent to which such considerations
need to appear in revised standards will remain compel-
ling as well as the extent to which researchers in the field
observed previous standards. The current article de-
scribes the standards of graphical display for the behav-
ioral sciences that continue to appear in special educa-
tion research texts and reviews the rationale for their
use. We then identify problems with standards and
potential revisions based on current research. Finally,
the researchers systematically replicate a review of the
adherence of graphing standards (e.g., Kubina et al.,
2017) in special education.

Line Graph Construction Standards

Guidelines from the formative period of modern behavior
analysis continue to govern multiple aspects of SCED
(e.g., Sidman, 1960), including graphic display. A rich
history detailing construction principles began to appear
in books and articles in the early 1900s. Comprehensive
books written by business leaders, engineers, and statis-
ticians offered design rules (e.g., Brinton, 1914; Karsten,
1923). At the same time, a unified, authoritative source
for line graph construction first took form in 1915 with
the Joint Committee on Standards for Graphic Presenta-
tion (JCSGP). The JCSGP had the expressed purpose of
studying methods used through diverse fields (e.g., psy-
chology, mechanical engineering, political science) to
establish standards that would advance the speed and
accuracy of graphic communication (JCSGP, 1915). In
1936, a set of more detailed codes of practice emerged
(Sectional Committee on Standards for Graphic Presen-
tation [SCSGP], 1936). The graphic codes received a
minor revision in 1938 (Committee on Standards for
Graphic Presentation [CSGP], 1938). The next revision
occurred in 1960, American Standard’s Time-Series
Charts (American Society of Mechanical Engineers,
1960). The final set of standards appeared in 1979
(American National Standards Committee Y15 [ANSC
Y15.2], 1979) helping professionals prepare and use
effective time-series charts such as the line graph.

All five versions of the aforementioned practices and
detailed specifications, herein referred to as Graphing
Standards, serve as a guide for the construction of line
graphs. Related guidelines appear in well-regarded
SCED textbooks (e.g., Ledford&Gast, 2018) and social
and behavioral science style manuals such as the Publi-
cation Manual of the American Psychological Associa-
tion (APA). The Manual directs graph makers to care-
fully construct their visual displays so that they can
effectively communicate what the researchers have dis-
covered (APA, 2020). Special education textbook au-
thors echo similar sentiments, “The primary function of
a graph is to communicate without assistance from the
accompanying text” (Spriggs et al., 2018, p. 166).

Kubina et al. (2017) distilled many of the existing
standards into general categories: essential structure and
quality features (see Table 1). The essential structure of
a line graph conveys its foremost purpose: examining
values changing through time (Few, 2009). The slope of
the line displayed across days, weeks, or months estab-
lishes prediction of behavior (Riley-Tillman & Burns,
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2009). Thus, the Graphing Standards suggest line
graphs have labeled axes that correspond with the de-
pendent variable (vertical axis) and actual units of time
(horizontal axis).Quality features encompass a range of
graphical elements, such as the visibility of data points
and the placement of tick marks. The guidelines attempt
to ensure that features of the data themselves do not lead
to misinterpretations due to vagaries of shading or am-
biguous rendering of the scale.

Discerning an effect visually relates to a variety of
quality features (Kubina et al., 2017). Scaling the verti-
cal axis to different terminal values, for example, influ-
ences the ability of analysts to determine the magnitude
of effects (Dart & Radley, 2017). As early as 1914, the
dawning of line graphs, warnings appeared around scal-
ing practices: “In general, it is unwise to compare the
shapes of two curves unless they are plotted to the same
scales, both horizontal and vertical” (Brinton, 1914, p.
79). The equivalent scaling rule attempts to mitigate the
perception altering effects of improper terminal axis
scaling between related graphs. Related graphs refer to
figures within the same research article that share one or
both axis labels. Figure 1 illustrates the equivalent

scaling rule. Each shares unit labels for both axes with
different maximum amounts. Level (top), trend (mid-
dle), and trend stability lines (bottom) appear in the
second column corresponding to the data directly to
the left. The third column shows column one data when
applying the equivalent scaling rule. Scaling to each
unit’s terminal amount across the three data sets (100
for the Quantitative Value and 32 for the Unit of Time)
allows for commensurate visual comparisons. Applying
the rule, however, produces clear changes to level, trend,
and trend stability not seen in the first data sets.

“Single-case research involves the fine-grained analysis
of change across time” (Horner & Spaulding, 2010, p.
1388). Thus, the standards place additional emphasis on
the treatment of time in graphical displays. Clear, transpar-
ent depictions of time allow researchers to forecast any
future changes or place behavioral changes in ameaningful
context (Johnston et al., 2020). The use of opaque or
imprecise ordinal units of time potentially impedes time
series data analysis through issues of false equality and
nonrepresentative data (Kubina et al., 2017).False equality
occurs when observational measures vary throughout the
study but appear as equal sessions on the graph.

Table 1 Scored graphing features for a line graph

Essential structure and function Measured

Vertical and horizontal axes maintain a quantitative measure and time unit
label, respectively, to show change in the measure over time (Harris, 1999)

Noted the labels on the vertical and horizontal axes.

Quality feature and function Measured

Vertical axis length maintains a 2:3 or 3:4 ratio in relation to horizontal axis
which limits data distortion (Cooper et al., 2020; Parsonson & Baer, 1978)

• Per graph, does the ratio of vertical to horizontal axes
lengths fall between 5:8 to 3:4 (63% to 75%)?

• Do all graphs on a page within the same figure align?
• Do all graphs within the same article that maintain the

same unit share the same physical length?
• Are all graphs with the same unit on either axis scaled to

the same minimum and maximum?

A minimal number of evenly spaced tick marks point outward to prevent graph
clutter and confusion, while highlighting the data (Cleveland, 1994)*

• On both axes, are tick marks pointing outward for the
entire length of the axes?

• On both axes, are tick marks evenly spaced (i.e., at equal
intervals)?

Tick marks have labels to show unit value (Robbins, 2005) • On both axes, are tick marks numbered?
• Are the scale counts correct?

The figure maintains clearly visible data points and paths to promoting clarity
and data direction (Cooper et al., 2020; Robbins, 2005)

• Are data points on the figure clearly visible?
• If the figure contains a data path, is it visible?

Labeling of condition change lines separates data into experimental conditions
(Cooper et al., 2020)**

• If the figure contains a condition change line, is it visible?
• If the figure contains a condition change line, does it have

labels?

A figure caption conveys meaning (Cooper et al., 2020) • Does the figure contain a caption?

Note. * = Measured based on Cleveland (1994), ** = Condition lines and labels not covered in Standards, but clearly used in single-case
research and measurement based on Cooper et al. (2020).
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Nonrepresentative data arises from incongruities between
when sessions occur in relation to other sessions in time.
For example, data collected sporadically and labeled as
sessions misleadingly appear as contiguously plotted
points (e.g., sessions 1–20).

Of the rules pertaining to essential structure, the guide-
lines related to the ideal proportion of the vertical and
horizontal axes remain the most well-known. The pro-
portional construction rulemaintains that the ratio of the
vertical to horizontal should fall between 5:8 to 3:4 (e.g.,
American National Standards Institute & American So-
ciety of Mechanical Engineers, 1960, American National
Standards Committee Y15 [ANSC Y15.2], 1979;
Parsonson & Baer, 1978; Poling et al., 1995; Cooper
et al., 2020). The rule stems from the fact that changing
the axes’ proportions physically changes the position of
the data. Slope judgment interpretations will unquestion-
ably vary even though data remain the same. The slope of
a trend, for instance, could adjust from 45° to 15° or 75°.
The more divergent the slope, the greater probability
interpretations will result in Type 1 or Type 2 errors.

Relevance of Graphing Standards

Despite the stated rationale for Graphing Standards
(Cleveland, 1994; Cooper et al., 2020; Kubina et al.,

2017), their relevance to current practice remains un-
clear. A survey of applied and experimental behavior
analysis journals (n = 11; Kubina et al., 2017) found that
in general graphs did not adhere to the Graphing Stan-
dards. For each journal, Kubina et al. randomly selected
a single issue every 2 years from the start of the journal’s
publication to 2011. The authors identified 4,313 graphs
across 191 issues and scored each graph based on their
accordance with essential structure and quality features.
Results suggest that, on average, authors adhered to
standards regarding the use of captions, labels, and clear
data paths (91%). Average observance of features relat-
ed to the use of tick marks and consistent scale counts,
though considerably lower (66%), suggest the majority
of graphs in behavior analysis reflect standards
concerning the features. The authors identified far lower
levels of adherence to guidelines concerning the use of
real units of time on the horizontal axis (31%), equiva-
lent scaling (31%), and proportional construction
(15%). Ledford et al. (2019) likewise found that articles
published in 12 top special education journals (n = 12)
over a 5-year period generally did not meet recommend-
ed standards for graphic display. Results of Peltier,
McKenna, et al.’s (2021a); Peltier, Morano, et al.’s
(2021b) reviews of special education journals (n = 6)
from 2010 to 2019 suggest only 3% of graphs met
proportional construction guidelines.

Fig. 1 Line graphs illustrating the equivalent scaling rule
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Some researchers have questioned the validity of spe-
cific Graphing Standards based on limited research con-
ducted in this area (Dart & Radley, 2018). Several au-
thors have noted that no evidence exists to support a
connection between the use of real units of time on the
horizontal axis and the interpretation of findings (Ledford
et al., 2019; Shadish et al., 2015). Other researchers have
provided evidence to support various alternatives to spe-
cific standards. Radley et al. (2018) suggest the propor-
tional construction guidelines may contravene their
intended purpose (e.g., result in false positives) and argue
instead for the design specific DPPXYR as an alternative.
Other researchers have likewise suggested using certain
operations to drive graph construction. For example,
Cleveland et al. (1988) researched the median-absolute
slope criterion in constructing two-variable graphs. The
procedure, based on a geometric algorithm, appears to
promote accurate slope judgments.

From the Graphing Standards to individual research
teams (e.g., Cleveland et al., 1988; Radley et al., 2018),
there exist a wide range of suggestions for how best to
construct line graphs. Despite specific differences, schol-
arship appears to verify the Graphing Standards’ central
premise: line graph construction has a profound influence
on the interpretation of results. The relation between
graphic displays and the interpretation of findings has
obvious implications for the use of research, because
inconsistently displayed SCED data potentially result in
the misinterpretation of treatment efficacy data. Yet, the
What Works Clearinghouse (WWC) and other standards
for special education research (e.g., Cook et al., 2015),
though they may have general guidelines related to the
presence of line graphs in SCED, do not address line graph
construction. Although many in the field continue to insist
the visual analysis of graphic displays represents the stan-
dard of interpretation for SCED research (e.g., Manolov
et al., 2016), themost recent standards of theWWC (2020)
have explicitly limited the role of visual analysis in eval-
uating evidence. The WWC favors effect sizes and quan-
tified results. The decision likely stems from the large body
of evidence indicating factors independent of the data,
including graphic display (Radley et al., 2018), may influ-
ence the results of visual analysis (Ninci et al., 2015).

Purpose

The degree to which line graphs in special education
journals adhere to the Graphing Standards remains

unclear. Regardless of whether one accepts the
Graphing Standards, the observance of specific stan-
dards in the field provides information regarding how
best to proceed in addressing issues related to graph
construction. Adherence to the Graphing Standards
would signify consensus regarding proper graph con-
struction. However, such an accord would also require
reeducation efforts in the event additional evidence
demonstrates the unsuitability of previous conventions.
On the other hand, limited adherence to established
conventions may warrant the prioritization of SCED
line graph construction standards by the WWC or other
organizations. The current evaluation stems from agree-
ment with the premise that graph construction remains a
critical element of behavior analysis and our interest in
the implications of adherence to the Graphing
Standards for the field more generally. Therefore, the
present review extends the methods featured in Kubina
et al. (2017) in service of one primary question: To what
extent do selected visual graphics adhere to the essential
structure and quality features of line graph construction
within special education journals?

Method

Journal Identification

The systematic review procedures appear in Fig. 2. The
following section describes the reviewmethods in great-
er detail. The current search first identified journal topic
areas. The 13 special education categories (Individuals
with Disabilities Education Act [IDEA], 2004), the
Council for Exceptional Children’s (CEC) Special In-
terest Divisions, and a previous study focused on special
education journals (Kubina et al., 2010) formed the
basis for creating 13 areas related to specific disability
categories or topics of interest (Table 2).

Journal titles populating each of the areas came from
one of two sources: CEC’s website or the 2013 Web of
Science (WOS) Journal Citation Reports® Social Sci-
ences Edition (, 2014). CEC journals encompass the
spectrum of materials available to special education
practitioners and researchers. Eligible journals fit into
one of the identified areas based on the focus of the
publication’s Division or through a review of the
journal’s mission statement. Excluding newsletters and
magazines, 12 journals (Table 2, labeled CEC) met
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criteria. The JCR (WOS, 2014) served as the basis for
the remaining journals.

The WOS Special Education Category (Web of Sci-
ence (WOS), 2014) ranks special education journals by
impact factor. An algorithm based on citation and con-
sumption patterns serves as the basis for WOS subject
categories (Wang & Waltman, 2016), which comprise
the most widely accepted journal subject classification
system in the world (Waltman, 2016). The current re-
searchers reviewed the mission statements from all
ranked special education journals (i.e., 37). Eligible
journals had mission statements located within the jour-
nal or on its homepage with keywords matching 1 of the
13 identified areas. For areas with more than two titles
identified from the JCR process, only the top two ranked
by impact factor met criteria. Otherwise, all JCR

identified journals met criteria. The JCR group in-
creased the total number of journals by 15 (Table 2,
labeled JCR).

Following the two-step process, no titles sorted into
the Traumatic Brain Injury (TBI) area. After reviewing
the mission statements of journals on JCR (Web of
Science (WOS), 2014) Rehabilitation list, one journal,
the Journal of Head Trauma Rehabilitation, met inclu-
sion criteria (Table 2, labeled JCR*). In total, 28
journals across 13 areas met criteria for review.

Issue Selection

Issue selection occurred following journal identifica-
tion. The researchers examined the publication history
of each of the 28 journals from 1975, the generally

Issues identified through hand

search of selected journals

(n = 4,956)

Graphs screened for

inclusion

(n = 2,588)

Full-text articles assessed

for eligibility

(n = 2,588)

Graphs included in

final review

(n = 1,228)

Graphs excluded from review

Non-time based horizontal axis

(n = 854)

Nominally/ordinally scaled

vertical axis 

(n = 93)

Logarithmically scaled axis

(n = 79)

Total (n = 1,026)

Issues remaining after

sampling procedure

(n = 532)
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Fig. 2 A PRISMA flow diagram
for the review
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accepted inception of special education, until 2020. In
accordance with previous literature surveys (e.g.,
Kostewicz et al., 2016; Kubina et al., 2010; Kubina
et al., 2017), researchers randomly selected one issue
every 2 years, for a maximum of 20 issues per title
staggered across the journal’s publication history. From
a total 4,956 possible issues, the researchers selected
532, or 10.73%, of all issues. In survey research involv-
ing the estimation of proportions from known popula-
tions, researchers generally derive an acceptable sample
size using Cochran’s (1977) formula, where z accounts
for the standardized confidence interval (CI; 95% CI =

1.96), p the proportion of a population expected to
exhibit a specific response (set to .5 to provide the
most conservative sample size requirement; Blair &
Blair, 2015), e the margin of error, and N the population
size:

Sample ¼ z2*p 1−pð Þ=e2½ �h
1þ

�
z2*p 1−pð Þ= e2Nð Þ

i

Assuming a confidence level of 95%, the sample size
selected (n = 532) constituted a representative sample

Table 2 Journals meeting criteria for inclusion in the study

Journal area Journal title Location Pop. Issues/
%

Sample
Issues/%

Weight

Autism Education and Training in Autism and Developmental
Disabilities

Focus on Autism and Other Developmental Disabilities
Research in Autism Spectrum Disorders

JCR/CEC
CEC
JCR

176/3.77
140/3
79/1.69

22/4.37
17/3.37
6/1.19

.86

.89
1.42

Early Intervention Journal of Early Intervention
Infants and Young Children

CEC
JCR

134/2.87
122/2.6

19/3.77
18/3.57

.76

.73

Emotional Disturbance Behavior Disorders
Journal of Emotional and Behavioral Disorders

CEC
JCR

171/3.66
104/2.23

22/4.37
13/2.58

.84

.86

Gifted Journal for the Education of the Gifted
Gifted Child Quarterly
High Ability Studies

CEC
JCR
JCR

144./3.08
176/3.77

18/3.57
22/4.37

.86

.86

Hearing Impairments and
Deafness

Journal of Deaf Studies and Deaf Education
American Annals of the Deaf

JCR
JCR

100/2.14
255/5.46

12/2.38
22/4.37

.90
1.25

Learning Disabilities
(Specific)

Learning Disabilities Research and Practice
Journal of Learning Disabilities
Annuals of Dyslexia

JCR/CEC
JCR
JCR

132/2.82
348/7.44
66/1.41

14/2.77
22/4.37
22/4.37

1.02
1.71
.32

Intellectual Disabilities Journal of Intellectual Disability Research
American Journal on Intellectual and Developmental

Disabilities

JCR
JCR

328/7.02
176/3.77

22/4.37
22/4.37

1.61
.86

Orthopedic Impairments Physical Disabilities Education and Related Services CEC 48/1.02 13/2.58 .40

Speech or Language
Impairments

Communication Disorders
Child Language Teaching and Therapy
Journal of Fluency Disorders

JCR/CEC
JCR
JCR

244/5.22
102/2.18
180/3.85

22/4.37
17/3.37
22/4.37

1.20
.65
.88

Traumatic Brain Injury Journal of Head Trauma Rehabilitation JCR* 180/3.85 17/3.37 1.14

Visual Impairments and
Blindness

Visual Impairments CEC 425/9.09 21/4.17 2.18

Multi-category Exceptional Children
Journal of Special Education
Research in Developmental Disabilities
Topics in Early Childhood Special Education

JCR/CEC
JCR/CEC
JCR
JCR

232/4.96
176/3.77
212/4.54
152/3.25

22/4.37
22/4.37
19/3.77
19.3.77

1.14
.86
1.20
.86

Deafblind Deafblind Education Quarterly CEC 16/.34 4/.79 .43

Note.CEC = Journal associated with a division of CEC; JCR = Journal found in Journal Citation Reports category: Special Education; JCR*
= Journal found in Journal Citation Reports category: Rehabilitation. Column related to population describe actual number of issues
available to sample from each journal and the proportion of issues relative to the entire population of selected journals. Sample column
describes number of issues initially selected from review and the proportion of issues relative to the entire sample. Weight represents
adjustment used to correct for disparities between population and the sample.
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with an acceptable margin of error of approximately
+4.1% (i.e., .041; Daniel & Cross, 2018).

Due to the issue selection method employed, the
proportion of issues from each journal included in the
sample approximated the proportion of issues actually
published by each journal since 1975. However, we
calculated weights for each journal to provide a more
accurate estimate of graphing features appearing in the
full range of published issues (Groves et al., 2009).
Balancing entailed dividing the percentage of issues
from each journal published by the percentage of issues
from each journal featured in the sample. Following
coding, we applied weights to all descriptive statistics.
The actual number of issues per journal, issues included
in the sample, and weighting variables appear in
Table 2.

Graph Inclusion Criteria, Coding, and Analysis

Doctoral level professionals in behavior analysis and
special education with experience in the use of visual
analysis applied codes derived from Kubina et al.
(2017). Scorers first examined each page within each
of the identified issues for any graphs that maintained a
horizontal and vertical axis with data moving left to
right and then applied the inclusion criteria. A simple
line graph meeting inclusion criteria had: (1) quantita-
tive (i.e., interval or ratio) scaling on a single vertical
axis, (2) a label on the horizontal axis of either a unit of
time or sessions or trials, and (3) a maximum of 1 data
point per data path on each horizontal interval. Graphs
excluded from the sample that did not resemble line
graphs included scatterplots and bar charts. As in
Kubina et al. (2017), coders also eliminated graphs from
consideration (n = 1,026) if the graphs displayed fea-
tures inconsistent with time-series graphical display or
that otherwise may have obligated authors to adopt
unique graphing practices inconsistent with the quality
standards. In particular, display excluded following ini-
tial identification exhibited: (1) nominally and/or
ordinally scaled vertical axes (n = 93), (2)
nontime-based horizontal axes (n = 854) like Miles or
letters exclusively following a sequence (e.g., A, B, C,
D, E . . .), or (3) dually or logarithmically scaled vertical
axes (n = 79).

The first column on Table 1 displays the essential
structure and quality feature components derived from
the Graphing Standards and a rationale/function. The
second column displays the questions scored for each

line graph meeting criteria. All essential structure and
quality features appear within the Graphing Standards
except for the two noted with asterisks on Table 1.
Guidance from Cleveland (1994) promotes tick marks
facing outward rather than inward. In addition, the
Graphing Standards do not address condition change
lines and labels. Given that this practice clearly occurs
on line graphs within single-case research, scoring of the
features followed instructions fromCooper et al. (2020).

Using Excel spreadsheets, scorers noted labels for
both axes per graph and within each article and a variety
of questions regarding tick marks and axis scaling.
Scorers used rulers to determine the length of each axis
to define the length ratio and as straight edges for
multiple graph alignment. Researchers continued to
score the presence/absence of each of the remaining
graphical components (e.g., data point visibility, figure
caption, data path visibility). Excel calculated all de-
scriptive statistics.

Scorer Calibration, Reliability, and Interobserver
Agreement

A research team led by three doctoral-level behavior
analysts with at least 5 years of experience in visual
analysis and systematic literature reviews conducted
all procedures. Additional scorers either held certi-
fication as a behavior analyst or had extensive ex-
perience using graphs as classroom teachers. During
training, researchers reviewed all categories with
scorers. Scorers then participated in a model-
lead-test approach to scoring four graphs conducted
by lead researchers. Finally, scorers evaluated a
random graph and compared scores to those of a
lead researcher. Scorers entered independent scoring
upon reaching 100% exact agreement of a graph
with a lead researcher.

Two measurement assessment techniques evalu-
ated scoring: Reliability (i.e., intraobserver agree-
ment) and interobserver agreement (IOA). For both
reliability and IOA, a point-by-point approach
(Cooper et al., 2020) determined the percent of
reliability between both Excel sheets on each field
for an identical issue. To determine reliability, each
scorer rescored 20% of issues to establish a personal
reliability score (Kostewicz et al., 2016). The aver-
age reliability across scorers totaled 93% with a
range of 89%–100%. Both a second and third scorer
assessed IOA by rescoring graphs from 20% of
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issues. Average IOA across both scorers totaled
93% with a range of 91%–100%.

Results

The journal title search identified 28 special education
journals meeting criteria (Table 2). A description of the
search and selection process appears in Fig. 2. Issue
selection from the 28 journals produced 532 issues.
The sample contained an average of 18 issues per title
with a range of 5–23. After compensating for the dis-
parity between issues published and issues selected for
sampling, scorers identified 2,588 possible graphs. Sev-
eral graphs (1,026) did not meet criteria due to scaling of
the vertical (i.e., dual scaled, logarithmically, nominal,
or ordinal scaling) or horizontal (i.e., label did not
include a unit of time/sessions/trials) axes. Scorers cod-
ed the remaining 1,562 time series graphics, with ap-
proximately three per issue.

Essential Structure

Figure 3 contains two dot charts that display the labeling
for each axis. Dots represent categorical instances and
appear greatest to least from top to bottom. Although all
graphs measured had a drawn vertical and horizontal
axis, labeling of those axes differed. Within the 1,562
graphs, the vast majority of vertical labels appeared in
three of the nine categories (Fig. 3). Percent (44%),

count (i.e., behaviors observed per session; 28%), and
frequency/rate (i.e., count per unit time; 17%) com-
prised approximately 89% of the total. Ratio and dura-
tion account for 6% of the labels with the remaining four
variables rounding out the final 5%. Horizontal labels,
on the other hand, had one category dominate. Sessions/
trials accounted for 73%. Days made up approximately
13% of the remaining labels. The final 14% consisted of
no label, other, minutes, and seconds.

Quality Features

Table 3 refers to numerous quality features of line graph
construction. Researchers scored all possible categories
for each graph. A maximum of 1,562 opportunities
occurred in most categories. Some graphs or groups of
graphs did not contain an opportunity to score certain
features, which explains opportunities less than 1,562
(see Table 3). Researchers divided the total number of
graphs successfully meeting each category by the total
opportunities for that category.

Tick Marks and Scaling

An average of 88% and 74% adherence appeared across
the vertical axis and horizontal axis categories, respec-
tively (Table 3). The lowest adherence appeared in two
categories on the horizontal axis: data (62%) and num-
bers (62%) on tick marks. Instead of data and numbers
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aligning with tick marks, authors placed both between
visible tick marks.

Data Points and Paths, Condition Labels,
and Figure Captions

The five categories encompassing data points/paths and
condition/figure labels maintained a high average adher-
ence percentage (96%) as compared to tick marks and
scaling (Table 3). Ninety-two percent of figures did not
connect data across condition change lines, and 98%
and 96% of figures featured caption or condition change
labels, respectively.

Axes and Axes Comparisons

Few reviewed figures observed the proportional con-
struction rule (Table 3). In particular, only 12% of the
vertical axes measured 5:8 to 3:4 (i.e., 63%–75%) of the

length of the attached horizontal axis. On the other hand,
graphs within the same figure on the same page aligned
axes 66% (vertical) and 60% (horizontal) of the time.
Scaling and axis length consistency occurred only in an
average of 38% of instances for both the vertical and
horizontal axes.

Discussion

The graphic display of data represents an important
aspect of treatment and research in special education
and related fields. The collected Graphing Standards
constitute a series of expert guidelines designed to pre-
vent graphic features from adversely influencing visual
analysis. The current review examined the adherence of
line graphs in special education to essential structure
and quality feature standards. Results suggest that most
graphs in special education describe the dependent

Table 3 Quality features: individual and comparisons of individual graph axes and axes on multiple graphs

Quality feature Graphs meeting
standard

Vertical Axis Data Occur on Tick Marks
Full or Partial Tick Marks on Outside of Graph
Tick Marks Occur at Equal Intervals
Numbers Occur on Tick Marks
Scale Count is Correct (e.g., 10, 20, 30)

1,156/1,433 = 80%
1,135/1,433 = 79%
1,295/1,1433 = 90%
1,310/1,433 = 91%
1,394/1,433 = 97%

Horizontal Axis Data Occur on Tick Marks
Full or Partial Tick Marks on Outside of Graph
Tick Marks Occur at Equal Intervals
Numbers Occur on Tick Marks
Scale Count is Correct (e.g., 10, 20, 30)

892/1,433 = 62%
1063/1,433 = 74%
1,229/1,433 = 86%
878/1,433 = 61%
1,252/1,433 = 87%

Data Points Clearly Visible 1,328/1,433 = 93%

Data Connected and Data Path Clearly Visible 1,392/1,392 = 100%

Figure Caption 1,1414/1,433 = 99%

Condition Change Labels Present 1,074/1,124= 96%

Data Path NOT Connected across Condition Change Line when Both Present 1010/1112 = 91%

Ratio of Vertical to Horizontal Axis Length: 5:8–3:4 (63%–75% difference) 185/1,433 = 13%

For multiple graphs within the same figure on the
same page:

Stacked Vertically
(Left/Right Sides of Graphs Align)

284/429 = 66%

Side-By-Side
(Top/Bottom of Graphs Align)

61/106 = 57%

For multiple graphs within the same article; For vertical axes that share the same
label;

Scaled to the same unit (min and
max)

168/373 = 45%

Drawn to the same physical
length

138/373 = 37%

For horizontal axes that share the
same label;

Scaled to the same unit (min and
max)

161/337 = 47%

Drawn to the same physical
length

154/337 = 46%
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variable along the vertical axis in accordance with the
standards; however, horizontal axes often lack a label
corresponding with time. The majority of graphs com-
plied with quality feature standards, with notable excep-
tions. In particular, few graphs appeared to adhere to the
proportional construction rule. Although the effect of
the departures from current standards remains uncertain,
they nonetheless have potential implications for special
education.

Graphs appearing in special education journals close-
ly reflect the limited adherence to the Graphing Stan-
dards found in behavior analytic journals (Kubina et al.,
2017). For example, a unit of time appeared as a label on
the horizontal axis for about 30% of graphs in both
special education and behavior analytic journals (e.g.,
essential structure). Adherence for the quality feature of
proportional construction came to approximately 15%.
Like behavior analysis, the present review on special
education journals suggests similar ramifications for the
visual interpretation of data.

Findings of the present study revealed that special
education graphs either (1) lack a horizontal axis label
entirely or (2) use a label that does not actually refer to
time (e.g., sessions). The effect of labeling the horizontal
axis on visual analysis has not reached empirical vali-
dation (Ledford et al., 2019). However, if researchers
intend to use line graphs as a time-series to display
change through time, they must have a time unit (Few,
2009). In addition, the absence of time potentially in-
hibits the ability to forecast any future changes or place
behavioral changes in a meaningful context (Johnston
et al., 2020). Concepts such as immediacy and concur-
rence remain central to visual analysis, which provides a
strong theoretical rationale for the depiction of time
along a continuous scale.

Quality indicators for SCED research heavily em-
phasize the precise chronological order of events
and the temporal relation between data points to
establish a functional relation. WWC (2020) indica-
tors require a series of consecutive data points and
require observation sessions to occur within a cer-
tain period prior to the intervention. The guidelines
(1) refer specifically to depiction of data rather than
reports within the text and (2) lose much of their
meaning when applied to an ordinal metric (i.e.,
sessions). Furthermore, sessions or “trials” cloud
the ability to fully understand intervention intensity
and duration (Romanczyk et al., 2014). The obfus-
cation of time identified in this review could have

implications for the interpretation of research. Fu-
ture work should confirm the importance of ground-
ing time-series graphical presentations in units of
time.

The Graphing Standards would further suggest lack
of adherence to the 5:8 to 3:4 vertical to horizontal axis
ratio in most studies potentially exaggerates or com-
presses trend and variability (Graphing Standards;
Kubina et al., 2017); at minimum, inconsistent graphing
practices would potentially result in widely varying
interpretations of similar data presented in separate arti-
cles. The proportional construction rule provides a stan-
dardizing effect across graphs. In comparison, other
fields have grappled with nonstandardization and the
resulting variability of visual displays and the subse-
quent data. Researchers in the ophthalmic and medical
community noted that a crucial element of
peer-reviewed publications revolves around clear com-
munication. The lack of consistency deepens complex-
ity when journal readers evaluate and compare data and
outcomes (Dupps et al., 2011).

Other ostensibly less critical quality features (i.e.,
“aesthetic-altering elements;” Dart & Radley, 2018 p.
351) of line graph construction may support effective
data analysis and communication. For example, barely
discernible data points could interfere with the identifi-
cation of trends or patterns of behavior change. Depar-
ture from any other quality standard, such as guidelines
regarding the positioning of data points on tick marks,
potentially impede visual analysis and accompanying
efforts to extract information for the calculation of effect
sizes. The relevance of each individual standard to vi-
sual analysis remains unknown, however, due to the
limited research in this area (Dart & Radley, 2018).

That the standards of graphic construction lack a
basis in empirical work arguably mitigates the sig-
nificance of the current findings. In general, we
agree that research standards should have research
evidence whenever possible. However, we do not
think the lack of evidence should necessarily pre-
empt consideration of the Graphing Standards in
practice until such a time a research in this area
provides robust support for alternative standards,
for several reasons. The guidelines for graphic in-
struction bear some similarity to other standards of
SCED research rooted in theoretical, rather than
empirical, bases such as the commonly observed
convention that experiments produce at least three
demonstrations of effect (Lanovaz et al., 2019).
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Other standards, such as those concerning the min-
imum number of experiments that support an effec-
tive practice (e.g., 5-3-20 criteria; Kratochwill et al.,
2013) appear to lack a basis in theory or science
(Lanovaz & Rapp, 2016).

In addition, socially enforced professional standards
have historically established a subjective foundation for
productive intradisciplinary communication in the ab-
sence of any clear empirical rationale (Danziger, 1985).
As with other standards of presentation (e.g., APA style;
Sigal & Pettit, 2012), cleaving to arbitrary conventions
for graphic construction prevents distortions resulting
from alterity. The last publication of the time-series
standards explicitly addressed importance of consensus
in the absence of evidence:

This standard is a collection of preferred practices
rather than a set of detailed specifications. It sets
forth the best current usage, and thus offers stan-
dards "by general agreement" rather than "by sci-
entific test." This concept of a standard based on
practice implies and embodies gradual but notice-
able changes over the years. As experience in the
field of graphic presentation broadens and
deepens, and as new problems occur, changing
practices are inevitable. (American National Stan-
dards Committee Y15 [ANSC Y15.2], 1979, p.
iii)

The extent to which empirical evidence, rather
than “common sense” or the fiat of expert consen-
sus, influences research standards is an important
consideration. Yet research regarding the effect of
construction guidelines remains at an early stage and
invariably involves the discretion of researchers in
specifying design criteria. For example, Cleveland
et al. (1988) premise their support for the
median-absolute-slope criterion on an extremely
small sample (n = 16). Likewise, conclusions re-
garding the relative benefits of DPPXYR stem from
a single study featuring a small “fairly homogenous
sample” (n = 29; Radley et al., 2018, p. 321), and a
search of 5 years of research in a small number of
school psychology journals (n = 5) served as the
basis of recommended DPPXYR values. It is worth
noting that reviews conducted by Peltier, McKenna,
et al. (2021a); Peltier, Morano, et al. (2021b) of
journals in special education found different mean
DPPXYR across graphs. The selection of school

psychology journals as the basis for DPPXYR
guidelines, rather than those found in special educa-
tion journals, limits its generality.

In identifying the limitations of this scholarship, we
do not intend to undermine the value of efforts to estab-
lish graphing conventions. The question remains, how-
ever: If evidence should serve as the foundation for
quality standards, how much evidence should the field
require? Such answers to the previous question and
other methodological quandaries will likely assume pro-
visional status and require some degree of subjective
discretion. Though new evidence may inevitably pro-
mote revised standards, presentation guidelines (e.g.,
APA, 2020) assist in maintaining the consistency and
integrity of the special education profession (Dart &
Radley, 2018). We therefore support adherence to the
Graphing Standards until compelling evidence emerges
in support of an alternative.

Limitations

This study has four notable limitations. First,
journals included in the search appeared in a widely
accepted subject classification systems (i.e., JCR) or
reflect the full range of subdisciplines explicitly
acknowledged by the leading professional organiza-
tion in special education (e.g., CEC). The present
review, however, did not provide an exhaustive ex-
amination of potentially relevant journals. Second,
criteria regarding the omission of certain graphs
resulted in the exclusion of several unique visual
displays. The intentional exclusion of atypical dis-
plays avoided presenting an excessively negative
depiction of special education research. On the other
hand, exclusion of displays for which the standards
may not apply potentially masks the extent of revi-
sions needed to make the standards relevant to prac-
tice. Third, aggregating the results, rather than pre-
senting adherence to graphing standards over time or
by discipline, may have obscured changes in re-
search reporting. The summative view of the data
remains appropriate given that efforts to identify
evidence-based practices in special education do
not exclusively rely on current research or discipline
specific resources. Finally, findings represent an es-
timate of actual prevalence derived from a sample of
included issues. Although more precise searches of
narrower samples (e.g., Peltier, McKenna, et al.,
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2021a) partially corroborate findings from the cur-
rent study, we urge caution when interpreting the
results given the error inherent to such analyses.
Alternate approaches to evaluating graphical out-
comes would likely result in different outcomes
(King et al., 2018).

Future Directions

Initial evidence suggests visually distorted data ex-
aggerate visual impressions and lead to errors in the
interpretation of data. The evidence provides a ra-
tionale for standards of graphic display (Dart &
Radley, 2017). The present study does not directly
provide evidence regarding the effect of nonstandard
graphs on consumer interpretation. To ensure the
validity of visual design standards, research regard-
ing the impact of specific graphing features on vi-
sual analysis should continue. Such scholarship
could include assessments of the influence of the
ratio of axes (Radley et al., 2018), use of ordinal
temporal dimensions (Ledford et al., 2019), and
quality features (e.g., tick mark placement) on visual
analysis and data extraction. Evidence that chal-
lenges existing standards should result in their revi-
sion, an exciting process with the potential to
change the field. For example, additional studies
suggesting DPPXYR represents a more critical de-
sign element than the ratio of axes (Radley et al.,
2018) could give cause to modify or abandon the
proportional construction rule. A more dramatic op-
tion could consist of jettisoning equal interval dis-
plays entirely and adopting standard ratio graphs
due to their compatibility with data-based individu-
alization and other instructional purposes (Datchuk
& Kubina Jr., 2011; Jung et al., 2018; Kinney et al.,
2020). Based on the limited adherence to existing
graphing standards identified in the current review,
research and development of graphing conventions
should also emphasize dissemination and adherence
to standards of scholarship.

Questions regarding the validity of extant graphing
standards, however critical to the evolution of the disci-
pline, elide an equally significant issue facing fields that
rely on SCED: the inconsistency between special edu-
cation graphs and existing standards. Widespread lack
of adherence to professional standards effectively ren-
ders them irrelevant. Ensuring that visual analysis serves

as a credible analytical tool requires greater attention to
the elements of graphic display as well as a greater
commitment to upholding and disseminating profes-
sional standards.

Raising awareness regarding the importance of
graphing conventions may require concrete action
within the field of special education. Guidelines for
visual displays within prominent special education
journals may address issues introduced through het-
erogenous, potentially misleading line graphs. Calls
for articles underscoring the importance of graphing
standards would likewise increase the salience of
this issue (e.g., Dart & Radley, 2018). Reviews
targeting reporting practices pertaining to the assess-
ment of the dependent variable (e.g., IOA;
Kostewicz et al., 2016) and implementation fidelity
(Ledford & Wolery, 2013) suggest that such efforts
have successfully changed publication practices. A
multitiered approach to cultural change within the
research community that encompasses resources, in-
centives (e.g., special recognition), and policy
changes may also achieve gradual changes in the
behavior of researchers (Nosek, 2019).

Incorporating standards for the visual display of
SCEDs into general standards of evidence represents
another important step. Recent research quality
established by the CEC (Cook et al., 2015) simply
require authors to provide a legible graph. Advo-
cates of this approach suggest the fundamental trans-
parency of graphical display provides some protec-
tion from wildly inaccurate interpretations (e.g.,
Wolery et al., 2010). Although construction stan-
dards could prevent graphical features from foster-
ing missteps in judgment, supporting systematic ap-
proaches to visual analysis and statistical analyses
could also limit the impact of suboptimal line graphs
(e.g., Manolov et al., 2016). As an alternative, the
field could follow the example set by the WWC
(2020) and minimize the role of visual analysis in
interpreting SCED. Given that visual analysis tradi-
tionally encompasses a range of relevant features
resistant to quantification (e.g., trend, immediacy,
consistency; Tanious et al., 2019), preserving its
role in SCED would better serve researchers and
practitioners. Eliminating issues in interpretation
due to the vagaries of unstandardized graphic dis-
plays, whether through the adoption Graphing Stan-
dards or other guidelines for construction, could
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contribute to the credibility and persistence of visual
analysis and SCED in special education.
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