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In this single-case study, we examined the impact of a simple response
card intervention on student engagement during math lessons. An ABA
reversal across-subjects design was used to establish a causal relationship
between the treatment and the expected outcome. Five adolescents with
learning disabilities from a seventh-grade classroom were observed during
hand-raising and response-card conditions to determine the effects of re-
sponse cards on student responding and test scores. Results indicated that
the intervention increased both participation and performance. The paper
ends with a critical discussion of the results and future research challenges.
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INTRODUCTION

Instruction is defined as the process of transmitting skills and/or knowl-
edge in such a way that students learn. In today’s classrooms, this means inte-
grating grade-level standards throughout the curriculum, teaching, and assess-
ment (Engelmann & Carnine, 2016). Academic learning is a cognitive event. It
is an interactive process that requires teachers not only to share information with
students but also to ensure that they have grasped the knowledge (Parsons, Nu-
land, & Parsons, 2014). Because teaching and learning are interactive, instruc-
tion must include active engagement not only from the teacher, but also from
the students (Brophy & Good, 1986). That is, teachers share information and
students are expected to respond, including practicing. Complicating matters is
the fact that all students do not enter a lesson with the same base of knowledge.
Thus, educators are required to create lessons using evidence-based instructional
practices to teach students at various achievement levels within the same class-
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room (Parsons et al., 2014). Skillfully designed lessons are critical in meeting the
needs of students in classrooms worldwide.

Interactive Direct Instruction (Engelmann, 2017) is a scientific ap-
proach to teaching that enables educators to be more effective and efficient in
conveying skills and knowledge to students across grade levels. Direct Instruc-
tion is often mistaken for teacher-based lecture accompanied by little student
interaction. In reality, Direct Instruction means providing a concrete introduc-
tion of information followed by ongoing brisk-paced practice that receives im-
mediate feedback (Watkins & Slocum, 2004). This almost errorless learning
approach sets students up for success as they interact with new information
until they reach mastery (Brophy & Good, 1986; Engelmann & Carmin, 2016;
Watkins & Slocum, 2004).

The key goal of Direct Instruction is to provide students with the cor-
rect skill and/or content and then immediately involve them in the cognitive
process of understanding and remembering. This, in turn, requires repetitive ac-
tive participation followed by teacher confirmation of correct responses and/or
corrective feedback to make learning as seamless as possible. During both whole-
class and small-group instruction, students interact with the content by having
multiple opportunities to respond (OtR) together, known as unison responding.

Research supports the use of various methods of unison responding,
whereby all students respond to questions or prompts, simultaneously allowing
them to practice and the teacher to assess their understanding before going on
to the next learning target (MacSuga-Gage & Simonsen, 2015; Menzies, Lane,
Oakes & Ennis, 2017; Twyman & Heward, 2018).

Choral responding and response cards are two well-researched methods
of using unison responding to increase opportunities for students to respond.
Both methods are evidence-based and support active participation and achieve-
ment, as well as high levels of time on task (Haydon, Marsicano, & Scott, 2013;
Owiny, Spriggs, Sartini, & Mills, 2018).

In choral responding, students verbally answer the teacher’s questions
together when prompted. This approach is commonly applied across grade lev-
els and content areas whether using scripted or unscripted Direct Instruction.
When using response cards, students visually answer the teacher’s questions to-
gether when prompted. That is, students present a response to the teacher using
write-on or preprinted cards.

The format of response cards is almost limitless. Cards may be small
white boards that allow students to use erasable markers to write their answers
on before holding them up, or they may be preprinted cards with various op-
tions for choosing predetermined responses such as true/false, fact/opinion,
multiple choice (A, B, C, D), numbers, math symbols, and so forth (Duchaine,
Green, & Jolivette, 2011; Owiny et al., 2018). The various formats provide a
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great deal of flexibility for students to participate. In short, response cards are an
“easy-to-use teaching tactic derived from applied behavior analysis” (Twyman &
Heward, 2018, p. 78), as repeatedly demonstrated in the literature across types
of students, subjects, and grade levels. For example, the research supports using
response cards for students with and without special education needs in inclu-
sive classrooms (Duchaine, Jolivette, Fredrick & Alberto, 2018; Haydon, Rich-
mond Mancil, & Van Loan, 2009; Narayan, Heward, Gardner, Courson, &
Omness, 1990) and in both special classrooms and special schools for students
with disabilities (Blood, 2010; Bondy & Tincani, 2018; Christle & Schuster,
2003; Davis & O’Neill, 2004; George, 2010). In addition, response cards have
been found to be effective at both the elementary (Bondy & Tincani, 2018;
Christle & Schuster, 2003) and the secondary level (Adamson & Lewis 2017;
Blood, 2010; Duchaine et al., 2018; George, 2010). The flexibility of response
cards is demonstrated by their use in math (Adamson & Lewis, 2017; Christle
& Schuster, 2003; Duchaine et al., 2018), science (Duchaine et al., 2018), social
studies (Blood, 2010; George, 2010), and writing (Davis & O’Neil, 2004).

PURPOSE OF THE PRESENT STUDY

The purpose of the present study was to replicate the Christle and
Schuster’s (2003) research on the use of response cards as a means of unison
responding during Direct (math) Instruction. Specifically, we implemented re-
sponse cards during math lessons using an ABA reversal across-subjects design
to investigate the effect on student participation, specifically the number of stu-
dent responses to teacher questions and performance on weekly quizzes. The
teacher taught math in accordance with Direct Instruction principles and added
response cards as an intervention.

METHOD

Participants and Setting

The study took place in a seventh-grade classroom of a rural school
for students with special learning needs on the outskirts of a large metropolitan
area in Western Germany. The main teacher selected the participants based on
her observations of how intensively they had engaged in math lessons over past
weeks, as measured by how frequently they raised their hands to respond in class.
She identified five students (three males and two females) whom she deemed to
be extraordinarily passive during math lessons as the target group.

Three of the students had a migrant background; one had only lived in
Germany for a little over two years. All participants had been diagnosed with a
learning disability (LD) by a multi-professional team. The diagnoses were based
on a conception of LD aligned with the criteria outlined by Griinke and Mor-
rison Cavendish (2016), who describe students with LD as those who “fail to
develop the knowledge, skill, will, and self-regulation necessary to succeed in key
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subject areas” (p. 1), thus, including students with an IQ below average. In our
case, intelligence level was measured using the Kaufman Assessment Battery for
Children (KABC-II; Kaufman & Kaufman, 2004). The level of math proficien-
cy was determined by scores on a standardized test (Moser Opitz et al., 2010).

All participants attended the same class in the aforementioned school.
According to their teacher, their inactivity during math lessons was not due to
a lack of language comprehension. Table 1 gives an overview over important
participant characteristics.

Table 1. Demographic Characteristics of the Participants

Name Gender Age IQ InGermany Math Competence Ethnicity

Student I  male 12 74 for 2;5 years class 5 Mongolian
Student2  male 15 49 for 4;8 years class 1 Serbian
Student 3 male 13 56  since birth class 4 Russian
Student4 female 13 56  since birth class 2 German
Student 5 female 14 60  since birth class 1 German

Our experiment was implemented in a highly structured and low arous-
al classroom where distractions were kept to a minimum in order to help ev-
eryone focus on learning. The students sat at tables of two in three consecutive
rows, facing forward towards the desk and the board. The rows of tables were
divided by an aisle.

Design

A single-subject multiple-baseline design (ABA) across participants was
used (Horner et al., 2005) consisting of a baseline phase (without intervention)
(Al), a treatment phase (using the response cards) (B), and a return-to-baseline
condition (A2). A simple AB design does not allow for positing a cause-and-
effect relationship. However, adding a second A phase (A2) and observing an
increase in behavior only during the treatment phase strengthens the argument
that it was the intervention that was responsible for the improvements (Riley-
Tillman & Burns, 2009).
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Materials

White 5.8 x 8.3 inch cards were used as response cards. They were lami-
nated so the students could write on them with non-permanent markers. Stu-
dents received markers and wipes to erase answers between questions. To capture
students” participation in classroom activities, we designed an observation scale,
on which any attempt to give an answer to a question was recorded. We also pre-
pared six different exercise sheets consisting of 10 questions or math problems
each. The format of the quizzes was kept identical. We also tried to keep the
level of difficulty constant across the six sheets. Five of the questions focused on
repetition, five on new teaching content, and five questions aimed at securing
knowledge transfer to everyday contexts. The six sheets consisted of three pairs,
each focusing on certain content that was supposed to be taught during one
particular week. We administered one test at the beginning and one test at the
end of each week (i.e., before the first math lesson and after the last math lesson
of the week). For every fully correct answer, the students received one point. The
lessons followed a carefully prepared plan, focusing on volumes and weights. For
each session, we created 15 questions that always required a particular solution
to a math problem as a response and that were verbally posed to the students.
(All materials are available from the first author upon request.)
Measures

The extent of active student participation in classroom activities was
used as the key dependent variable. We used the aforementioned observation
scale to document how often participants raised their hand or held up their re-
sponse card to answer a question. In addition, we used the results on the quizzes
to determine whether increases in participation led to increases in performance.
For each week, we calculated the proportionate increase (in percent) between
pre- and post-measurement. Which of the two test versions for each week was
administered first to a particular participant was determined by chance. The ob-
servation scales were independently filled out by the main teacher and a graduate
student of special education, who both sat at the back of the room. They also
administered and scored all quizzes. Interrater reliability equaled 100% for both.
Procedures

Instruction was alternately provided by three female graduate students
of special education. The experiment extended over a period of three weeks with
five weekly lessons of 30 minutes each. On Monday, the instruction started at
9:15 am, on every other day of the week, it started at 10:20 am. Each session was
systematically structured in accordance with basic Interactive Direct Instruction
principles so students were able to build up their skills, with questioning being
used to help them to make sense of a given task. The interventionists posed each
of the prepared 15 questions to the class during each lesson such that every short
sequence of instruction was separated by a question.
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During baseline conditions, the interventionists motivated the students
to actively participate. That is, at the beginning of each lesson, they encouraged
the students to try to answer each question that they would ask during the next
30 minutes and to raise their hands often. Before the first lesson of the B phase,
the interventionists instructed the whole class on how to use the response cards,
as follows: (a) write down the answer, (b) hold up the card, (c) erase the answer,
and (d) put down the card and marker. This process was practiced for 5 min-
utes. Then the interventionists again encouraged the students to actively engage
in classroom activities, only this time they were asked to raise their completed
response cards instead of their hands. The conditions during the A2 phase re-
sembled the ones of the Al phase.

Participation in classroom activities was documented by counting the
number of responses to questions (either by raising a hand or a response card)
during each of the 15 lessons. Proficiency level was assessed before each of the
three Monday sessions and after the end of each of the three Friday sessions.
Even though we were only interested in how the five target students performed,
we administered the test to the whole class.

REsuLTs

Figure 1 shows the number of indications to respond to the interven-
tionists’ questions (RtQ) during the three phases. For all figures and statistical
analyses, we used the SCAN package for R by Wilbert (2019).

As illustrated, four of the participants had rather stable baselines, while
Student 1 showed a trend in Al. All of them improved their performance dur-
ing intervention and returned to lower scores when response cards were not used
any more (A2).

Student 1 averaged 6.80 RtQs (range = 2-10) in Al. The measurements
during this phase showed a clear upward trend. However, as soon as the inter-
vention was implemented, performance not only continued to improve, but
the data indicated a significant leap. That is, on the first two days of phase B,
Student 1 responded to every single question that the interventionist posed to
the class. In fact, RtQs reached a mean of 14.40 during treatment, which cor-
responded with an average increase of 211.76% (range 13-15). Regardless of the
trend in the Al, each score in the B phase exceeded those of the two A phases.
The return to the second baseline phase (A2) coincided with a change in level,
with the average RtQ) decreasing by 77.78%, to 11.20 (range 9-12).

Student 2 scored an average of 3.00 RtQ (range 2-6) in Al. The intro-
duction of the intervention was accompanied by a performance leap from 2 on

day 5 to 15 on day 6. His mean value of RtQs during the B phase equaled 14.50
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(range 14-15), which parallels an increase of 483.33%. After returning to base-
line conditions (A2), his mean achievement dropped by 64.14%, to an average
of 5.20 RtQs (range 1-10).
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Figure 1. Number of RtQs by the five participants in the three phases.
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Student 3 did not show any attempt to participate in classroom ac-
tivities during the first baseline condition (A1), but with the start of the inter-
vention, her performance increased from 0 to the maximum value of 15. She
reached 13.60 RtQs, on average, during phase B (range 10-15) (a percentage
increase could not be calculated due to an average value of 0 during the baseline
phase). Just as remarkable as the increase in value from Al to B, there was a
distinct performance drop from B to A2, with an average performance of 0.75
(range 0-2), which corresponds to a decrease by 94.49%.

For Student 4, the mean RtQ value in Al was 0.25 (range 0-1), which
increased to a mean score of 14.60 (range 13-15) during B (this parallels an im-
pressive percentage increase of 5,740). After the treatment stopped, his achieve-
ment dropped to a mean score of 0.80 (range 0-2) (which equals a decrease of
94.52%).

Student 5 started in A1 with an average RtQ value of 0.40 (range 0-1)
and — like all the other students — showed an immediate increase in level with
the beginning of the treatment. She rose from 1 RtQ on day 5 to 14 on day 6.
Her mean value during intervention showed an increase from 0.40 to 14.80
(range 14-15) (which corresponds to a leap of 3,600%). With the end of the
treatment phase, her performance dropped by 90.54%, to an average score of
1.40 (range 0-3).

Four of the most common non-overlap effect sizes comparing phases
Al and A2 to phase B were calculated: PND (percentage of non-overlapping
data), PEM (percentage of data exceeding the median), PEM-T (percentage of
data exceeding the median trend), NAP (non-overlap of all pairs) (Alresheed,
Hott, & Bano, 2013). In each case, the participants received the highest possible
outcome of 100%.

Next, a piecewise regression analysis was applied to each participant
(Huitema & McKean, 2000). The results of this analysis are presented in Table 2.
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Table 2. Piecewise Regression for Number of RtQs

B SE t D R?
Student 1
Intercept 1.70 1.52 1.11 0.29
Trend 1.70 0.46 3.71 0.01** 0.15
Level Phase B 4.50 1.89 2.38 0.04* 0.06
Level Phase A2 -3.90 1.89 -2.06 0.07 0.05
Slope B -1.80 0.65 -2.78 0.02* 0.08
Slope A2 0.40 0.65 0.62 0.55 0.00
Student 2
Intercept 2.40 3.01 0.8 0.45
Trend 0.20 0.91 0.22 0.83 0.00
Level Phase B 10.94 3.75 2.92 0.02* 0.18
Level Phase A2 -8.23 3.98 -2.07 0.07 0.09
Slope Phase B -0.14 1.33 -0.11 0.92 0.00
Slope Phase A2 -0.46 1.33 -0.34 0.74 0.00
Student 3
Intercept 0.00 1.70 0.00 1.00
Trend 0.00 0.51 0.00 1.00 0.00
Level Phase B 13.00 2.18 6.14 0.00** 0.17
Level Phase A2 -12.20 2.95 -4.14 0.00** 0.08
Slope Phase B 0.20 0.73 0.28 0.79 0.00
Slope Phase A2 -0.50 0.89 -0.56 0.59 0.00
Student 4
Intercept -0.10 1.26 -0.08 0.94
Trend 0.10 0.34 0.29 0.78 0.00
Level Phase B 13.60 1.03 13.23 0.00** 0.16
Level Phase A2 -13.00 1.00 -13.01 0.00** 0.16
Slope Phase B 0.10 0.42 0.24 0.82 0.00
Slope Phase A2 -0.60 0.34 -1.75 0.12 0.00
Student 5
Intercept -0.50 0.65 -0.78 0.46
Trend 0.30 0.19 1.54 0.16 0.00
Level Phase B 13.20 0.80 16.47 0.00* 0.16
Level Phase A2 -12.30 0.80 -15.35 0.00* 0.14
Slope Phase B -0.10 0.28 -0.36 0.72 0.00
Slope Phase A2 -0.70 0.28 -2.55 0.03* 0.00

Note: * Significant at the 5% level; ** significant at the 1% level.
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In summary, the analyses yielded significant level effects from Al to
B for all participants, and from B to A2 for all except Student 2, whose values
slightly failed to reach statistical significance (p = 0.07). However, aggregating
the five cases into one as part of a level 2 analysis resulted in very clear level ef-
fects between phases (see Table 3).

Table 3. Piecewise Regression Model for Number of RtQs

B SE t p
Intercept 0.63 1.54 0.41 0.68
Trend 0.48 0.35 1.37 0.18
Level Phase B 11.02 1.38 8.01 0.00**
Level Phase A2 -9.77 1.45 -6.76 0.00%**
Slope B -0.35 0.48 -0.73 0.47
Slope A2 -0.44 048 -0.91 0.37

Note: ** Significant at the 1% level.

Finally, we considered possible gains in math performance. Student
2 was not able to complete the quizzes, because he was otherwise engaged.
The rest of the participants attended all six testing sessions. Figure 2 depicts
the proportionate pre-/post-improvements of each student for Week 1 (A1),
Week 2 (B), and Week 3 (A2)

100/ mE

80

Percentage of correct answers

Student 1 Student 3 Student 4 Student 5

Figure 2. Proportionate increase in math competence during the three phases
for Students 1, 3, 4, and 5.
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As illustrated, the performance increase in Week 2 was always larger
than in any other week. This confirms the assumption that there was always
growth in learning, but the gains were never as large as when the response cards
were used.

DiscussioNn

This study examined the effects of a response card intervention based

on Interactive Direct Instruction principles on the engagement in classroom
activities during math lessons of five typically unengaged seventh graders with
LD. The results indicate that in all cases the number of RtQs increased strik-
ingly as soon as the cards were introduced. Improvements from the baseline
condition to the treatment phase reached statistical significance in all five cases
with non-overlap indices reaching their maximum value of 100%. The drops in
performance were equally striking as soon as the response cards were no longer
in use. In addition, we tested students’ performance level at the beginning and
the end of each week. When the response cards were used, the students achieved
a higher growth in learning than if they were just encouraged to actively partici-
pate by raising their hands.
Despite these impressive results, the study is subject to certain limitations. First,
the small sample size and the fact that all lessons were geared toward teaching
a particular topic limit the generalizability of the results. Second, the selection
of the participants was left to the discretion of the main teacher. No clear-cut
criteria were used. This makes replication of the results difficult. Third, the ob-
servers were not blind to the purpose of the study. They knew what the imple-
mentation of the response card intervention was aiming at. Fourth, we tried to
keep the level of difficulty equal across the performance quizzes. However, we
have not tested to what extent we achieved that goal. Finally, we used a reversal
design (ABA) with only one treatment phase. Even though student engagement
increased greatly from Al to B, and subsided equally marked from B to A2,
we cannot be sure if the differences would have been comparably distinct if we
had incorporated another B phase. The participants were without a doubt very
responsive to the intervention. However, part of that may be due to the fact that
the response cards were new and unfamiliar to them. Thus, it is possible that
a habituation effect would have set in if we had continued with the changes of
phases (e.g. by applying an ABAB or an ABABAB design).

Giving these limitations, the practical implications of this study nev-
ertheless support the systematic use of response cards during instruction to
increase OtR and classroom participation, which in turn results in increased
content mastery. Based on our participants, who presented as uninterested or
uncertain about their ability to respond to questions in class, when given the
OtR within the safety of unison responding, each demonstrated an interest in
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participating. This is of no small importance. Many teachers struggle greatly as
they try to involve all of their students in classroom activities and be mindful of
students who are shy and reluctant to raise their hands in class.

All too often, educators pose questions to the whole class and create
situations in which the more able and outgoing learners feel encouraged to re-
spond, whereas the more timid stay in the background. Response cards seem to
be an excellent way of involving even the most diffident students to participate.
Holding up a piece of cardboard along with everyone else in the class does not
seem very intimidating. However, encouraging learners to do so at every given
OtR seems to get them more into a lesson and to acquire more of the curriculum
content that is being taught. Thus, response cards offer an easy-to-implement and
low-cost solution to the challenge of engaging even the most reluctant students.

Our findings replicate those of Christle and Schuster (2003) and add
to the growing body of research on the use of response cards with students with
special needs (e.g., Cakiroglu, 2014; Didion, Toste, & Wehby, in press; Good-
night, Whitley, & Brophy-Dick, in press; Rao, 2018). Even though our study
sheds some light on this quick-and-easy way to increase student response rates
in lessons, a number of research questions still need to be addressed in order
to widen the knowledge base on this kind of intervention. For example, future
studies may consider collecting data over a longer span of time and with more
reversal phases to either support or dispute the possibility that increased partici-
pation may be the result of the novelty of using response cards for the first time.
Another consideration for future research is to include a sample of students
who regularly participate. This will allow researchers to investigate the effect
response cards have on the participation and performance of students perceived
to ready be active participants.
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