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Studies of implementation fidelity often focus on the actions
of the implementer, the extent to which a teacher or clinician
conforms to particular requirements of a program. Yet, teach-
ers and clinicians work within an organizational setting. This
setting and those who administer it can greatly influence the
extent to which teachers have the training and support needed
to properly implement programs. Administrators also control
schedules and the extent to which students receive the recom-
mended dosage or exposure. This article reports results from
three different studies that examined the way in which
administrative decisions related to program implementation
influenced student achievement. All of the studies involved
schools that implemented the highly technical and effec-
tive Direct Instruction (DI) programs under the guidance
of skilled consultants. However, for some time periods or
in some settings, administrators did not follow the guide-
lines. This produced natural experiments in which it was
possible to examine the extent to which not following
established guidelines was related to student outcomes.
While none of the analyses focused explicitly on students
diagnosed as having learning disabilities, all involved stu-
dents or schools deemed “high risk” and thus, no doubt,
included many participants who would be considered as
having such a diagnosis.

DI Theory and Methodology

DI programs, developed by Siegfried Engelmann and his
collaborators beginning in the 1960s, are often cited as an
example of explicit and systematic instruction. The instruc-
tional approach is overwhelmingly cited as effective for both

general populations and those needing special help (e.g.,
National Reading Panel, 2000). Although the term direct
instruction (lower case and sometimes referred to as “little
di”) has been used to refer to a broad set of educational pro-
grams that incorporate elements of systematic or explicit
instruction, this article focuses on schools using programs
within the Direct Instruction (capitalized) Engelmann—
Becker tradition (S. Engelmann & Colvin, 2006). DI pro-
grams incorporate all of the elements deemed essential to
systematic and explicit instruction, but in an integrated man-
ner (S. Engelmann, 2004). They are often used for instruc-
tion of students with learning disabilities and others who are
perceived to be at high risk for academic failure.

The theoretical foundation of DI is complex and well
developed. (See S. Engelmann, 1999; S. Engelmann &
Carnine, 1991, 2011; S. Engelmann & Steely, 2004, for
detailed theoretical discussions; Barbash, 2012, for an
accessible summary; and National Institute for Direct
Instruction [NIFDI], 2016, for citations to 45 experimental
examinations of the tenets.) It is based on the assumption
that students use their inherent logical abilities to interpret
instruction they receive. All students can learn if they are
given well-designed instruction with totally clear and
unambiguous examples. DI instructional materials are
carefully designed and field tested. Scripts are provided to
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the teachers to ensure that they provide examples that are
clear and ordered in a manner that produces the most effec-
tive and efficient learning. Both effective and efficient
learning are especially important for students thought to
have learning disabilities, for learning more in a shorter
period of time is needed to help them catch up with their
peers (see Note 1).

DI programs incorporate mastery learning. The DI pro-
grams are based on the assumption that students learn
most quickly when they have the prerequisite skills and
knowledge. Each lesson builds on the previous lessons
with only 10% to 15% new material introduced in each
lesson. Teachers are instructed to check that students have
mastered all prerequisite knowledge necessary for learn-
ing new things. These design elements make instruction
more effective and more efficient. Teachers are also
required to test students’ skills to determine where to place
them within the program and, throughout the year, to retest
to make sure they are at the appropriate point in the cur-
riculum for the greatest possible progress. Appropriate
placement makes learning more efficient and more enjoy-
able for students as they are constantly learning and pro-
gressing without the material being too difficult or too
easy (S. Engelmann, 2014).

Because DI lessons are so carefully sequenced, stu-
dents’ progress through the programs can be calculated as
a continuous measure, commonly called “lesson progress
at mastery.” Benchmarks indicate where students should be
at various points throughout the year to be at grade level or,
for those who are behind, to eventually catch up with peers.
Studies have documented the validity of these benchmarks,
showing, for instance, that students who are at or near
grade level in their DI programs are much more likely than
other students to score at or above the national mean on
standardized achievement tests and at the proficient and
advanced level on state assessments (Stockard, 2014).

The Effectiveness of DI

When examining the impact of implementation fidelity of a
program, it is important that the program involved has been
found to be effective. If a program were highly effective yet
implemented poorly, one would expect that outcomes
would be less positive. However, if a program were not
effective, poor implementation could actually result in bet-
ter outcomes. In other words, a good program that is not
done well would have poor outcomes. But a poor program
that is not done well could actually have good outcomes
simply because, to put it colloquially, “it couldn’t get
worse” (Stockard, 2010). A large literature indicates that DI
programs are highly effective, thus supporting the decision
to focus on those programs.

Coughlin (2014) summarized the results of six sys-
tematic reviews and seven meta-analyses of DI, all of

which found strong evidence of effectiveness. The posi-
tive results appeared with reviews of specific programs
including mathematics, reading, and spelling. They
appeared in studies of whole school reform projects, stu-
dents in both general education and special education,
and in studies with variety of research designs. A narra-
tive review of studies specifically focused on students
with learning disabilities or other special classifications
also reported strong evidence of effectiveness (Wood &
Stockard, 2012).

The largest meta-analysis of DI’s effectiveness exam-
ined 328 studies published from 1966 through 2016 and
incorporated almost 4,000 effects (Stockard, Wood,
Coughlin, & Khoury, 2018). Overall, estimates of effect
size (Cohen’s d) were large, ranging from 0.52 to 0.60.
Effects for single-subject designs, studies that were more
likely to focus on students with learning disabilities, ranged
from 0.83 to 1.02. Twenty-nine percent of the studies
involved students who had some type of at-risk status, such
as a diagnosis of learning disability, and the multivariate
analyses indicated no significant differences in the impact
of DI by special status.

Fidelity of Implementation and DI

Even though the research literature indicates that DI pro-
grams are highly effective, some DI schools and classrooms
are more successful than others. A number of studies have
shown that a major reason for these differences is imple-
mentation fidelity, the extent to which teachers administer
the programs as they were designed (Benner, Nelson, Stage,
& Ralston, 2010; Carlson & Francis, 2002; Gersten,
Carnine, & Williams, 1982; Gersten, Carnine, Zoref, &
Cronin, 1986; Stockard, 2011). Students of teachers who
follow the programs’ protocols more faithfully have higher
achievement scores and greater growth.

Kurt Engelmann (2014) outlined principles that govern
the successful implementation of DI programs. He described
the important role of teachers’ instructional actions includ-
ing the extent to which they follow program guidelines,
ensure student mastery, and provide consistent and visible
reinforcement. He also explicitly noted the necessity of
organizational support:

Teachers’ implementation of the DI approach (the instructional
level) is highly successful only when the school’s leadership
team provides an environment in which effective and efficient
instruction can take place. School and district leaders are
responsible for establishing the structural components needed
for a successful DI implementation, training staff to implement
the program properly, monitoring instruction to ensure that the
program is implemented with fidelity, and increasing the
capacity of the school and district to support the model fully.
(Engelmann, 2014, pp. 108-109)
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Engelmann (2014) stressed the wide range of factors that
can affect student performance, noting that they can
encompass “everything in a school or district’s control,
including the daily schedule, the assignment of personnel,
the professional development of staff, the physical
arrangement of classrooms and the public announcement
system” (p. 101).

Summary

The analyses in this article are based on K. Engelmann’s
formulation of the ways in which administrative actions
and decisions can influence successful implementation of
DI programs and student success. The logic can be con-
ceived as a causal chain. A supportive and knowledgeable
organizational environment promotes stronger implemen-
tation fidelity by teachers. In turn, teachers who are more
skilled at implementing the program with fidelity have stu-
dents who make greater progress through the curriculum at
mastery, and this greater progress at mastery results in
higher achievement scores. In other words, teachers in a
more supportive and knowledgeable environment are more
likely to become skilled DI teachers. Their students are
then more likely to master the material and progress
through the programs more quickly. As a result, they have
higher achievement. Most important, strong organizational
and administrative support is necessary for other elements
of the chain to occur (K. Engelmann, 2014).

The following sections of this article present results
from three different studies that address this logic. Each
of the studies examined the extent to which administra-
tive decisions affect student achievement. The first two
involved settings in which some students were taught by
teachers who had no training (Study 1) or less than opti-
mal conditions for daily teacher preparation (Study 2).
The other study involved an issue related to scheduling,
providing instruction on a regular basis (Study 3). All
schools received training and implementation support
from highly regarded organizations. While none of the
data sets provided indications of whether students had
been labeled as learning disabled, all settings involved
students deemed “high risk,” and one (Study 3) involved
students receiving special education. Two of the studies
involved reading programs and one involved math. As
explained more fully in the Discussion section, it would
no doubt be unethical to knowingly expose students to a
less than optimal situation. The studies described below
take advantage of data from real-life situations that
approximate natural experiments, contrasting problem-
atic implementations with better ones. To test the causal
relationships posited above, multivariate analysis tech-
niques are used in each study. Additional statistical results
for Studies 2 and 3, all of which support the findings sum-
marized below, are in a supplementary document.

Study I: Teacher Training and
Assignment

Given the highly technical nature of DI, training in the
appropriate use of the programs is cited as a very impor-
tant factor in promoting high fidelity. One of the most
important decisions school principals can make is the
assignment of teachers to grade levels and instructional
groups for which they have been properly trained. As K.
Engelmann (2014) put it, “teaching staff should receive a
thorough preservice training before the start of the school
year in the precise levels of the programs that correspond
to their student’s mastery level” (p. 112). Study 1 exam-
ined the extent to which violating this recommendation
can affect student learning.

Method

Setting, sample, and design. Study 1 used data from a high
poverty school in the Southeastern United States. (Over
70% of the students received free or reduced lunch [FRL].)
In response to concerns about the very low reading skills
and achievement of its students, the school implemented the
DI program Reading Mastery Signature Edition (RMSE) in
some kindergarten and first-grade classrooms in the fall of
2013. Given the positive results in that year, they opted to
use the program for reading instruction in all K-2 class-
rooms in 2014-2015. However, at the start of the school
year, the principal unexpectedly re-assigned some teachers
from upper grade to lower grade classrooms. This resulted
in one kindergarten teacher and one second-grade teacher
having no prior training in the DI program. It also resulted
in a natural experiment in which achievement of students
who had a trained teacher could be compared with the
achievement of students who did not while controlling for
levels of prior achievement. Thus, Study 1 used a pretest—
posttest control group design with statistical controls.

The sample used for analysis was limited to students
with data on all variables: 65 kindergarten students—37
with a trained teacher and 28 with an untrained teacher; and
43 second-grade students, 36 with trained teachers and
seven with an untrained teacher. During the school year, all
teachers, whether or not they had prior training, received
regular coaching and implementation support. While the
untrained kindergarten teacher continued using DI through-
out the school year, the untrained second-grade teacher
stopped the program at mid-year.

Measures. For kindergarten students, achievement was
measured at fall, winter, and spring with the i-Ready read-
ing assessment (“i-Ready K-12,” 2018), which was used by
the district in which Study 1 occurred (see Note 2). Scores
on a standardized test were not available for second graders,
so achievement was measured by students’ placement at
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mastery in their DI reading program at fall and winter. As
noted above, this measure has been found to be highly cor-
related with scores on standardized achievement tests and
state assessments (Stockard, 2014). To examine the causal
logic outlined above, the analysis also included, for kinder-
garten students, an indicator of their lesson progress at mas-
tery in the spring. The achievement scores were gathered by
school personnel using their regular procedures. The indica-
tors of lesson mastery were made in conjunction with the
trained implementation personnel, helping to ensure reli-
ability and validity.

Analysis. Data were examined separately for each grade
using bivariate and multivariate analyses. First, the aver-
age scores on the measures of achievement and lesson
mastery of students with and without trained teachers
were compared using ¢ tests and effect sizes (Cohen’s d).
One-tail tests of significance were used in all analyses
given the directional hypotheses noted above. Effect sizes
were calculated, so that a positive value indicates support
for the hypotheses (greater implementation fidelity asso-
ciated with higher achievement). The psychological lit-
erature has traditionally interpreted an effect size of .20 as
small, .50 as medium, and .80 and greater as large (Cohen,
1988). Educational researchers have traditionally used
the threshold of .25 to indicate an educationally signifi-
cant effect size (Tallmadge, 1977). Recently, however,
Lipsey and associates (2012), after examining the distri-
bution of effect sizes from studies of a wide range of edu-
cational interventions, concluded that an effect size of .25
should be considered large and that one of .50 would be
“more like ‘huge’” (p. 4).

Second, post-test measures of achievement were
regressed on fall measures to examine the extent to which
having a trained teacher was independent of, or provided
“added value” to, the impact of prior achievement. For
kindergarten students, a second model added the measure
of students’ progress through the reading program during
the school year. Given the discussion above, it was
expected that students whose teachers had received train-
ing prior to the start of school would have higher scores
on the achievement measures even when prior achieve-
ment was controlled. It was also expected that, for kinder-
garten students, when the measure of lesson progress was
added to the model, the impact of teacher training would
decline markedly. In other words as posited earlier, the
reason that students of trained teachers had higher
achievement was that they progressed more quickly
through the programs at mastery.

Results

Table 1 shows the descriptive statistics on key variables
for students with trained and untrained teachers and the

associated ¢ ratios and effect sizes. As expected, the
results indicate significantly stronger growth for stu-
dents who had a trained teacher, and the associated
effect sizes (.46 for kindergarten and .81 for second
graders) would be considered moderate to large using
the criteria from the psychological literature and “huge”
by educational research standards (Lipsey et al., 2012,
p. 4). Kindergarten students with the trained teachers
began the year with lower i-Ready scores than those
with the untrained teacher, but by spring, they had higher
scores and had completed more lessons at mastery.
Second-grade students with the trained teacher began
the year with higher placements in RMSE than students
with the untrained teachers, and the gap between the two
groups widened over time as the students with the
trained teacher had significantly greater growth.

Regression results for kindergarten students are in the
top panel of Table 2 and those for second graders are in
the bottom panel. As expected, in both grades, students
with a trained teacher had significantly higher post-test
achievement scores when pretest (fall) scores were con-
trolled. In addition, results with Model 2 for kindergarten
students confirm the expectation that much of the impact
of having a trained teacher involves the rate of student
progress through the programs. The coefficient associated
with teacher training declined markedly when student
progress at mastery was entered into the equation while
the coefficient associated with lesson progress was highly
significant.

Summary

Results from Study 1 support the expectations implied by
the causal chain described above, showing that students of
teachers who have been trained were more likely to master
material and score higher on achievement tests. These
results persisted when controls were introduced for prior
levels of achievement. The administrative decision to put
untrained teachers in the classroom had a negative effect on
student achievement, and part of this effect was due to stu-
dents’ lower rate of progress through the curriculum when
taught by an untrained teacher.

Study 2: Providing Time for Teacher
Development

Teaching DI programs is technical and involved. It requires
not only training, but practice and careful preparation for
each lesson. One of the most important elements is regular
rehearsal of lessons. Such practice helps teachers learn to
present the material easily and fluently so that they can give
full attention to their students during the lessons. Thus, one
of the key elements of good implementations is providing
time for teachers to practice their teaching formats. Study 2
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Table I. Average Values, t Tests and Effect Sizes, Reading Achievement, Lesson Progress, and Previous DI Exposure, by Training of

Teacher and Grade, Study |.

Untrained teachers

Trained teachers

Variable M SD M SD t Cohen’s d
Kindergarten
Fall i-Ready 3379 29.1 334.8 259 0.44 =0.11
Winter i-Ready 363.6 29.1 3579 259 0.83 -0.21
Spring i-Ready 394.0 34.0 404.4 32.7 1.25 0.31
Growth, Fall-Spring 56.1 225 69.5 323 1.88* 0.46
Spring Placement, RMSE 129.2 63.3 154.9 374 2.05% 0.50
Second grade
Fall Placement, RMSE 215.0 0.0 245.0 65.0 1.21 0.50
Winter Placement, RMSE 274.1 57.1 353.5 24.8 6,08 1.84
Growth 59.1 57.1 108.6 59.1 2.03* 0.8l

Note. Probability levels are one-tailed to reflect the directional hypotheses. Degrees of freedom for the analysis of kindergarten students was 63 and
for second-grade students was 41. DI = Direct Instruction; RMSE = Reading Mastery Signature Edition.

*p < .05. %kp < .0]. F*p < .001.

Table 2. Regression Analyses, by Grade Level, Study |.

Kindergarten students, dependent variable is spring i-Ready scores

Model | Model 2
Independent variables b t Probability b t Probability
Trained teacher 12.51 1.82 0.037 343 0.53 0.30
Fall i-Ready scores 0.70 5.50 <.001 0.36 2.60 0.006
Lesson progress — — — 0.31 4.13 <.001
Constant 158.7 3.68 <.001 231.6 5.48 <.001
R? .34, F(2, 62) = 16.26, p < .001 49, F(3, 61) = 19.35, p < .001
Second graders, dependent variable is winter lesson placement
Independent variables b t Probability
Trained teacher 74.59 5.82 <.001
Fall placement 0.16 2.02 0.026
Constant 239.78 11.65 <.001
R? .52, F(2, 40) = 21.87, p < .00

Note. Probability levels for regression coefficients are one-tailed to reflect the directional hypotheses.

examined the extent to which student achievement was
related to providing teachers this practice time.

Method

Setting, sample, and procedures. Study 2 used data provided
by a school district located in the rural Midwest. For the
first 2 years that the schools used the DI curriculum they did
not provide time for teachers to practice their teaching for-
mats but then, in later years, scheduled regular time for
practice and preparation as recommended by the developer.

Thus, Study 2 used a cohort comparison design, comparing
data for three cohorts: (a) those who began kindergarten
before the schools were using DI (n = 166), (b) those who
began kindergarten when their teachers were using DI but
were not given practice time (n = 299), and (c) those who
began kindergarten when the teachers were given time to
practice and become more fluent in their presentations (n =
142). Cohort comparison designs are recommended by the
classic methodological literature as especially appropriate
for institutional settings such as schools (Shadish, Cook, &
Campbell, 2002, see also Stockard, 2013).
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Table 3. Best Fitting Linear Growth Models, Nonsense Word Fluency, Mid-K to Fall Grade 2 Regressed on Time, At-Risk Status,
Implementation Fidelity, and Interactions.
Model | Model 2
Fixed effect coefficients and model fit statistics b SE b SE
Fixed effect coefficients
Time 6,50k 0.25 6.9 |+F* 0.26
At-risk status —5.74* 2.52 —7.53%* 2.72
DI, Teacher Practice 12,09k 2.76 | 1,377k 2.87
DI, No Teacher Practice 9.39%%k 291 5.221 3.21
DI, Teacher Practice X Time |.7 |k 0.50 |8 |k 0.52
At Risk X DI, No Teacher Practice -7.40%* 3.54 -4.03 3.82
Teacher 2—K — — —5.53* 2.57
Teacher 3—K — — —6.99%* 2.57
Teacher 8—K — — —5.76* 2.58
Constant 3| .54k 2.35 37.69%F 2.8l
Model fit statistics
LL 20,987.3 18,257.5
Change in -2LL 895. 2%k 2,729.8%F*
df 6 3

Note. Analysis based on 2,282 observations, 607 students, one to five observations per student, average 3.8. The -2 LL value for the baseline model
was 21,882.5. The -2 LL value for Model | is compared to baseline; the —2LL value for Model 2 is compared to Model |. Time is coded with the
first period = 0. Further details on the analysis including results for other models are in the supplemental material, Tables S| to S3. DI = Direct

Instruction; LL = log likelihood.
th < .10, #p < .05. ¥p < .01. ¥¥p < 001,

Measures. Student achievement was measured with the
Dynamic Indicators of Basic Early Literacy (DIBELS)
measure of Nonsense Word Fluency (NWF; DIBELS,
2008). A substantial literature has shown that this measure
is a valid predictor of later reading skills (e.g., Burke,
Hagan-Burke, Kwok, & Parker, 2008; Fien et al., 2008;
Vanderwood, Linklater, & Healy, 2008). The data were
gathered each year using the district’s regularly established
procedures, and there was no reason to believe that the data
gathering or test administration procedures varied for the
cohorts included in the analysis.

Students’ at-risk status was measured by demographic
variables: receipt of FRL and minority status. Almost half
(47%) of the students received FRL and close to a third (31%)
were minorities, primarily Hispanic. Students with a minor-
ity status were significantly more likely to also receive FRL
(x* = 168.04, df=2,p <.001). Because this association was
so strong, the demographic indicators were combined into a
single dummy variable with a code of 1 if the student was a
member of a minority group and/or received FRL (52% of
the sample). There was no difference between the cohorts in
the percentage classified as “at risk” based on these demo-
graphic characteristics (x> = 48, df = 1, p = .79).

Information was available on the students’ teachers at
each grade. Dummy variables were constructed for each
teacher, with the first teacher in the alphabetic list as the
reference category. Dummy variables were also used to
denote which cohort a student was in, with no exposure to
DI as the reference category.

Analysis. Linear growth models were used to examine
variations in changes over time in NWF scores of stu-
dents in these three groups from the spring of kindergar-
ten through fall of second grade. Main and interaction
effects for at-risk status and teacher were included in the
models. Based on the theoretical discussion above, it was
expected that students in cohorts whose teachers had been
given time to practice their presentations would have the
greatest growth over time and that this relationship would
persist when strong controls were entered for teacher
effects. (Descriptive statistics, ANOVA results, effect
sizes, model fit statistics, and fixed effect coefficients for
all models examined are in the supplementary material.)

Results

Table 3 reports results with the two best-fitting growth mod-
els. Model 1 includes time, at-risk status, cohort, and signifi-
cant interaction effects. Model 2 adds dummy variables
associated with the three teacher effects that were signifi-
cant. Results were as hypothesized. The largest changes over
time occurred for DI students whose teachers had time to
practice, and the smallest changes occurred for the students
who did not have DI. Growth over time was significantly
greater for DI students whose teachers had time to practice.
Growth was significantly smaller for DI students whose
teachers did not practice, but this interaction effect declined
slightly when the dummy variables for teachers were added
in Model 2.
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Figure 1. Average NWF scores, fall, Grade 2, by cohort and at-risk status.

Note. NWF = Nonsense Word Fluency.

Inspection of average scores for students in each cohort
and risk category illustrate the results. Figure 1 shows the
average NWF values of students by cohort and at-risk status
at the start of second grade, the last point in the growth anal-
ysis. The at-risk students in the non-DI group and the DI
group whose teachers did not practice had the lowest aver-
age scores. The students in the DI group whose teachers
practiced presentations had the highest scores. The average
scores of the at-risk DI students whose teachers had time to
practice were next highest and equal to those of the not-at-
risk students of DI teachers who did not practice. (Tables S1
and S2 in the supplemental material give additional details
on average values at all time points.)

Summary

Results of Study 2 also supported the expectations outlined
in the introduction. While both cohorts that were instructed
with DI had higher achievement scores than those who did
not, significantly higher scores and greater rates of growth
were obtained when administrators provided time for
teachers to practice their teaching presentations so they
could be more fluent and attentive to student needs. Results
persisted with strong statistical controls for teacher effects
and indicated especially strong impacts for students
deemed at risk based on demographic characteristics.

Study 3: Scheduling Instructional Time

In addition to determining teacher assignments and the
time teachers have for preparation, administrators control

school schedules and the time that can be devoted to teach-
ing. In other words, administrative decisions can influence
the extent to which students are exposed to instruction.
The implementation guidelines for DI programs stress the
importance of maintaining a regular schedule of teaching.
Students learn the most when they are regularly exposed
to the material for the recommended amount of time each
day. In addition, it would be expected that teachers who
regularly implement the program would, assuming proper
training and coaching, become more skilled in their imple-
mentation skills and exhibit higher fidelity in teaching
practices (K. Engelmann, 2014). Study 3 examined the
relationship of school schedules to teacher fidelity and
student achievement.

Method

Sample, setting, and procedures. Study 3 used data from stu-
dents receiving special education services in 13 schools in
the upper Midwest. The teachers began using the DI math-
ematics program Connecting Math Concepts: Comprehen-
sive Edition (CMCCE) in the fall of 2014. All of the teachers
involved had the same initial training and support through-
out the school year. Some schools fully implemented the
program, regularly using it each day for the specified
amount of time. Others, however, partially implemented the
program, using it only some days of the week and with a
variable schedule. Students were in kindergarten to Grade
6, although the majority were in Grades 2 to 4. There were
83 students in the schools with a regular schedule and 40
students in the schools with only intermittent exposure.
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Achievement data were gathered in the fall and spring for
each student. Thus, a pretest—posttest control group design
with statistical controls was used, comparing the achieve-
ment growth of students with and without regular exposure
to CMCCE. Assessment data were gathered through the
regular procedures in place at each school. Measures of
teacher fidelity were gathered by trained supervisors from a
regional consortium. Data on fidelity were available for
teachers of 91 students, 65 at schools with a regular schedule
and 18 at schools with intermittent exposure.

Measures. Mathematics achievement was assessed with
the nationally normed Measures of Academic Progress
(MAP) from the Northwest Evaluation Association
(NWEA; 2011) using Rasch Unit Scale (RIT) scores.
These scores are measured on an interval scale and cumu-
lative in nature. Z scores were calculated for each student
by comparing their RIT scores with the average values for
students in the norming population for their grade and
testing period. Scores for fall and spring, as well as change
in these scores over the school year, were examined. Posi-
tive change scores indicate improvement over time rela-
tive to the national norm while negative scores indicate a
decline. (See supplemental material for additional details.)

The measure of teacher fidelity was the average value
obtained from multiple observations during the school year,
given as a percentage, with a score of 100 indicating full
fidelity to the areas examined. The scale focused on instruc-
tional techniques and did not include measures related to
organizational elements, such as school scheduling and
exposure. Teachers were observed from 1 to 4 times (aver-
age 2.3) during the year.

Analysis. The analysis first focused on differences in
achievement growth and teacher fidelity between the two
groups of schools using ¢ tests and effect sizes. It was
expected that students with irregular exposure to the pro-
gram would have less growth in mathematics achievement
and that their teachers would have lower fidelity. Second,
correlation coefficients and regression techniques were
used to examine the relationship of changes in student
achievement to scheduling and teacher fidelity. It was
expected that the relationship of teacher fidelity with
achievement would be greatly diminished when exposure
through regular scheduling was controlled.

Results

As shown in Table 4, students in the schools using the rec-
ommended schedules had slightly lower average fall
achievement scores than the other students (Cohen’s d =
—0.20). But, as expected, the students regularly exposed to
the program had significantly higher levels of growth dur-
ing the year (d = 0.38) and significantly higher achieve-
ment scores in the spring (d = 0.54). In addition, as

Table 4. Average Values Achievement Scores, Fall, Spring, and
Growth; Teacher Fidelity, by Scheduling, t Tests and Effect Sizes,
Study 3.

Variable Full schedule Intermittent schedule
Fall Z score

M (SD) -0.43 (1.33) -0.18 (1.10)

n 83 40

t ratio = —1.04, probability = .15, Cohen’s d = —0.20
Spring Z Score

M (SD) -0.40 (1.19) -0.88 (1.32)

n 83 40

t ratio = 2.03, probability = .02, Cohen’s d = 0.38
Growth fall to spring

M (SD) 10.93 (12.35) 4.45 (9.72)

n 83 40

t ratio = 2.91, probability = .002, Cohen’s d = 0.54
Teacher fidelity score

M (SD) 85.51 (5.08) 76.19 (6.85)

n 65 26

t ratio = 7.13, probability < .0001, Cohen’s d = 1.33

expected, their teachers exhibited significantly higher
fidelity (d = 1.33). There were no significant differences
in growth scores for students with and without teacher
fidelity measures (¢t = .26, df = 121, p = .79) nor any
association between the presence of fidelity measures and
representation in schools with or without continuous
exposure (x* = 2.48,df = 1,p = .11).

Table 5 reports the results of the correlation and regres-
sion analyses. The first column reports the unstandardized
regression coefficients (b); the second column gives the
standardized coefficients (beta); the third column reports
the standard errors, used to calculate the level of signifi-
cance; and the last column gives the zero-order correlations
(r) between achievement growth and scheduling and fidel-
ity. As expected, both of the zero-order correlations were
positive and statistically significant, indicating that students
had higher achievement when their teachers adhered more
fully to the instructional model and when they were regu-
larly exposed. However, the regression results indicate that,
once scheduling was controlled, teachers’ fidelity had no
significant relationship with student growth. In other words,
whether or not teachers exhibited better teaching skills,
being in a setting that promoted regular and consistent
exposure to the program was a far more important influence
on student achievement.

Correlations and standardized regression coefficients are
both in standard deviation terms and can be directly com-
pared and interpreted as effect sizes. It can be seen that the
effect of having a teacher with high fidelity dropped by
more than half when in an environment that did not have a
regular schedule (from .34 to .13). The R” value indicates
that the measures of exposure and fidelity accounted for
almost 20% of the variance in student achievement growth.
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Table 5. Regression of Change in Achievement Score Fall
to Spring on Teacher Fidelity and Regular Versus Intermittent
Schedule, Study 3.

Independent variables b Beta SE r
Regular schedule 1.35%* 0.34 0.48 Kykoo
Teacher fidelity 0.03 0.13 0.03 34
Constant =277 2.65 —
R? | gt

Note. Correlation of fidelity and having a regular schedule was .60,
p < .001.
*kp < .01, FFp < .001.

Summary

The results of Study 3 supported expectations. Students in
settings with regular and consistent exposure had signifi-
cantly larger gains in achievement than students with incon-
sistent schedules. On average, the achievement scores of
students in schools with inconsistent schedules fell relative
to the national norm over time. While zero-order correla-
tions showed a significant relationship between teacher
fidelity and student growth, this relationship was insignifi-
cant when scheduling was controlled. Individual teacher
fidelity only promoted student achievement when the orga-
nizational environment allowed regular scheduling and
exposure, again supporting the causal chain posited above.

Discussion

A central goal of educators working with students with learn-
ing disabilities is promoting higher academic achievement so
they can catch up with their peers. However, there is variabil-
ity in student achievement growth, even among those using
the same instructional programs, and poor implementation
fidelity by instructors is often cited as a reason for these differ-
ences. Yet, teachers work within organizational settings. The
constraints of these organizations and, especially, decisions by
their administrators can influence the extent to which teachers
exhibit implementation fidelity and, consequently, their stu-
dents’ achievement. This article examined this relationship
with three studies involving the highly effective and techni-
cally demanding DI programs. It was hypothesized that stu-
dents would have higher achievement when they were in
schools where administrators followed recommended guide-
lines regarding teacher support and student scheduling
because such support promotes teacher implementation fidel-
ity and students’ progress at mastery through the programs.
Results of the three studies provided consistent support
for these expectations. Students had higher achievement
when they had teachers who had received appropriate train-
ing (Study 1) and had been given the recommended prepa-
ration time (Study 2), and when they received instruction
for the recommended amount of time (Study 3). This orga-
nizational and administrative support enhanced teachers’

fidelity to the instructional program (Study 3) and students’
progress at mastery through the programs (Study 1) even
when the effects of individual teachers were controlled
(Study 2), thus supporting the hypothesized causal chain. In
addition, multivariate analyses showed that the potential
impact of teachers’ instructional fidelity to the programs
could be negated by a non-supportive environment (Study
3). The results appeared with different study designs, mea-
sures, and community settings. Most results were statisti-
cally significant and had large associated effect sizes.

Limitations and Implications for Research

Each of the studies reported above had methodological limita-
tions. Sample sizes could have been larger, measures more
extensive, and the time periods longer. Given the large effect
sizes for DI programs discussed in the introduction, no ethical
researcher would purposely design research such as that
reported here by assigning students to less than optimal cir-
cumstances, nor try to extend unfavorable circumstances just
to enhance adherence to various methodological criteria.
Instead, by necessity, each of the studies occurred within natu-
ral settings, using the designs and measures that were avail-
able. That said, each study used designs that are recommended
as internally valid and especially appropriate for natural, field
settings (Stockard, 2013; Stockard et al., 2018) as well as mea-
sures commonly used in schools and research. For example,
cohort comparison designs benefit from examining the same
students, teachers, administrators, and school environments,
something that often does not occur with other comparative
studies. Moreover, one could argue that the studies embody a
great deal of external validity, involving settings similar to
those found in other schools and districts and measures that are
commonly used and administered within schools.

Even though ethical researchers would not purposely
design replications of the work reported here, they could
replicate the approach used in this article to help understand
why results within a given setting were not as strong as the
research literature would suggest. As noted above, improper
implementations would result in lowered effectiveness only
with programs that are actually effective (Stockard, 2010).
For programs such as DI, where there is substantial docu-
mentation of their effectiveness, researchers and schools
would be well served by examining why changes in effec-
tiveness were less than expected by the literature. It would
be reasonable to hypothesize that a lack of achievement
gains was related to poor instructional fidelity and failing to
provide full and appropriate organizational support and con-
ditions. Meta-analyses of the DI effectiveness literature have
also found significant positive impacts on student and
teacher views (Stockard et al., 2018). When implementa-
tions do not result in such positive attitudes, the role of
implementation fidelity and associated lower achievement
should also be examined. It could be expected that imple-
mentations with greater fidelity would result in both higher
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student achievement and more positive student and teacher
views. In general, negative results are important results,
especially in the context of a large body of research, and
deserve further examination to determine why they occurred.

Implications for Practitioners

There are a number of implications of this work for practitio-
ners. The first parallels suggestions for researchers.
Practitioners are often urged to adopt evidence-based curri-
cula, and it seems reasonable to assume that those responsi-
ble for the choice have some familiarity with the associated
effectiveness literature. Schools also obtain measures of their
students’ progress, whether through curriculum-based mea-
sures, standardized achievement tests, or state assessments.
Thus, it is also reasonable to assume that administrators and
teachers examine the extent to which their students’ skills are
improving. User-friendly procedures are available for deter-
mining the effect sizes associated with curriculum changes
(e.g., NIFDI, n.d.; Stockard, 2013), and these should be com-
pared with the literature to determine if the changes found
within a given school equal those found in the research litera-
ture. If they do not, practitioners should examine why the
discrepancies occurred and especially focus on the role of
suboptimal instructional fidelity and organizational support.

Second, practitioners should avoid the peril of “satisfic-
ing,” or choosing an acceptable solution even though sub-
stantially better outcomes are possible (Simon, 1947, 1956).
One of the studies described above (Study 2) included com-
parisons to students in non-DI programs and found that stu-
dents with suboptimal implementations of DI had higher
achievement than students using other programs, but lower
achievement than implementations with higher fidelity. It is
possible that schools could simply settle for the suboptimal
DI implementation because it was better than the non-DI
alternative. However, if they had compared their results
with the research literature, they would understand that it
was possible to do even better.

Finally, it is important to stress that this article only looked
at three elements of DI implementations. In reality, successful
implementations of the program involve a complex interplay
of many different elements for teachers in their classrooms as
well as administrators at both the building and district levels.
Each of the separate elements, such as those examined in this
article, may seem small in isolation, but each one is important
(K. Engelmann, 2014; S. Engelmann, 2014; S. E. Engelmann
& Engelmann, 2004). While developing school practices and
norms that support effective implementations can take time
and effort, the potential for significantly helping all children
succeed is undoubtedly worth the investment.
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Notes

1. The Direct Instruction (DI) tradition would implicitly reject
applying a label of “learning disabled” to a student who has
not learned, arguing that, instead, the instruction has been
faulty or ineffective.

2. It should be noted that the i-Ready assessment has question-
able validity for beginning readers taught with DI. The Reading
Mastery program does not teach letter names until well into
the kindergarten-level program and after children have already
developed many reading skills. Yet, the computer algorithms
within the i-Ready assessment do not allow students who do not
know letter names to be tested on their reading skills, simply
stopping the assessment and giving the student a correspond-
ingly low score. Thus, while the fall assessment, taken before
instruction began, can be seen as a potentially valid measure
of equality of beginning skills, scores at later points in the
year should be seen as conservative estimates of DI students’
achievement. In studying a different curriculum, Smolkowski
and Cummings (2016) made a similar point, concluding,
“Research [on measures] should also account for the scope and
sequence of curricula. . . . The validity of academic screeners
depends in part on their alignment with instruction” (p. 115).
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