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Research Article

Reading is the foundation of learning, and reading profi-
ciently at third grade is one of the most important predictors 
of earning a high school diploma (Hernandez, 2011). 
Despite ongoing efforts, national longitudinal data show 
students with disabilities, including students with learning 
disabilities (LD), continue to demonstrate lack of proficient 
reading (National Assessment of Educational Progress, 
2019). Research has shown that students who are unable to 
read fluently often become frustrated and resistant toward 
academic tasks, thereby negatively influencing their effort, 
persistence, and willingness to engage in the learning pro-
cess (Margolis & McCabe, 2006); and there is substantial 
evidence establishing a connection between motivation and 
reading achievement (Toste et al., 2020). Teaching self-
determination skills has the potential to shift these motiva-
tional processes and support students in self-regulating 
learning. In the present study, we explore the effect of Data 
Mountain, a self-determined learning program, on elemen-
tary students’ oral reading fluency performance.

Fluency Is Essential to Reading

Fluency, along with phonics, phonological awareness, 
vocabulary, and comprehension, is an essential skill for 

reading success (National Reading Panel [NRP], 2000). 
Fluency is the ability to read accurately, automatically, and 
with prosody (Murray et al., 2012; Pikulski & Chard, 2005; 
Samuels, 1979). Rate and accuracy are measures of oral 
reading fluency (ORF), a commonly collected assessment 
of word reading efficiency. A large body of research has 
demonstrated that ORF scores serve as global indicators of 
performance and progress in reading, including both decod-
ing and comprehension skills (see review by Wayman et al., 
2007; and meta-analyses by Reschly et al., 2009; Shin & 
McMaster, 2019; Yeo, 2010).

While the NRP (2000) has encouraged teachers to pro-
vide fluency-building opportunities for struggling readers, 
these practices are rarely observed in classrooms (Kent 
et al., 2014; Swanson, 2008; Vaughn et al., 2002). ORF 
growth is most often targeted through repeated reading 
opportunities; though explicit instruction, peer tutoring, 
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modeling, and explicit feedback also are used (Chard et al., 
2002; Stevens et al., 2017). Research on fluency interven-
tions other than repeated reading for elementary students 
with RD is scarce (Stevens et al., 2017). In fact, Stevens and 
colleagues (2017) found just two studies using strategies to 
improve ORF other than repeated reading; these included 
listening to digital books (Esteves & Whitten, 2011) and 
supplying unknown words with encouragement to use 
decoding strategies (Watson et al., 2009). As it is posited 
that dysfluent readers may become resistant to or disen-
gaged from academic tasks (Margolis & McCabe, 2006), 
it would also be beneficial to investigate alternative 
approaches that target readers’ effort and persistence. As 
the nature of their disability, students with or at risk for 
RD experience reading failure which in turn affects their 
reading-oriented persistence (Valås, 2001). Teaching self-
determination skills is one possible avenue for exploration 
that would target reading fluency performance and moti-
vations to read.

Self-Determination

Causal Agency Theory, a widely used theory of self-deter-
mination in the disability field, defines self-determination 
as a “dispositional characteristic manifested as acting as the 
causal agent in one’s life” (Shogren et al., 2015, p. 258). 
Through continuous engagement in processes such as self-
monitoring and goal-setting, individuals learn their actions 
are directly related to the outcomes (Shogren et al., 2017). 
Repeated mastery of challenging tasks develops specific 
skills and increases the likelihood of engaging in that task 
again; the ongoing process of this experience promotes self-
determination (Shogren et al., 2017) and contributes to a 

person’s understanding of their competencies to be success-
ful on a given task. Longitudinal meta-analyses illustrate 
significant relations between reading and motivation in 
both directions; early reading performance contributes to 
the development of future motivation and early motivation 
to read may enhance later reading ability (Toste et al., 
2020). We contend that facilitating students’ self-determi-
nation, as operationalized by Causal Agency Theory, has 
the potential to enhance motivation by promoting self-
monitoring, goal setting, and positive attributions in the 
context of ORF passage reading. There is a real need to 
target students’ perseverance and motivations and this 
study investigates the isolated impact of self-determined 
learning on the reading fluency performance for students 
with or at risk for RD.

As ORF data are often readily available in elementary 
schools (Stecker et al., 2008), there is an opportunity to 
share progress monitoring data with students to create a 
self-determined learning opportunity (e.g., self-monitoring, 
goal setting). Self-determination is made up of several 
related components (Shogren et al., 2015; Wehmeyer et al., 
1997; see Table 1) and is a valuable lifelong skill (Shogren 
et al., 2015; Stang et al., 2009). Students need opportunities 
to learn self-determination skills beginning in elementary 
school (Stang et al., 2009). Research suggests that when 
self-determination components are included as part of inter-
ventions, positive, long-lasting effects on academic and 
behavioral outcomes are observed (Algozzine et al., 2001; 
Konrad et al., 2007). Furthermore, there is evidence that 
self-determination is a predictor of reading achievement 
(Zheng et al., 2014). For the present study, specific focus is 
given to three components of self-determination (i.e., self-
monitoring, goal setting, and positive attributions) and 

Table 1. Consensus Self-Determination Definitions.

Component Definition

Decision making Process of evaluating the appropriateness of various outcomes
Choice making Action of choosing based on individual preferences
Problem solving Identify a problem, analyze possible solutions, and resolving the problem
Goal setting
Attainment

Identification attainable goals
Development of objectives, steps to achieve selected goals, and the actions necessary to 

bring goal to fruition
Self-advocacy Instruction focused on how, when and what to acquire what is necessary to reach goals
Attribution of efficacy and expectancy Acquiring knowledge that he or she has the ability to complete a specific task to achieve 

a desired outcome
Self-awareness Instruction to identify strengths and weaknesses
Self-regulation The process of self-observing, self-monitoring, self-evaluating, self-instructing, and self-

reinforcing. Also referred to as self-management
Self-observing Assessing and observing if behavior has occurred or not occurred
Self-monitoring Assessing, observing, and recording related to a task
Self-evaluation Using graphs, charts, to document progress toward a goal
Self-instruction Providing their own verbal prompts for solving a problem
Self-reinforcement Self-administration of positive or negative consequences contingent on a target behavior
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effects on the ORF performance of elementary students 
with or at risk for RD.

Self-Monitoring

Self-monitoring is the self-determination component most 
often observed as part of interventions to improve the aca-
demic outcomes of elementary students with or at risk for 
RD (Didion et al., 2021). Self-monitoring is defined as 
assessing and recording the occurrence of a target behavior 
(Wehmeyer et al., 1997). It is versatile and can easily be 
embedded into current academic interventions (Connor 
et al., 2010). Several reviews support the positive impact of 
self-monitoring on reading outcomes for students with RD 
(e.g., Didion et al., 2021; Guzman et al., 2018; Konrad 
et al., 2007). While no recent studies have examined the 
effects of self-monitoring on ORF outcomes for students 
with or at risk for RD, positive effects are evidenced for 
students with emotional/behavioral disorders and English 
learners (Albers & Hoffman, 2012; Guzman et al., 2018).

Goal Setting

Research suggests that effects of self-monitoring are 
improved when paired with goal setting (Didion et al., 
2021; Konrad et al., 2007). This is not surprising, given that 
often when self-monitoring, students evaluate performance 
toward a target (e.g., goal). In addition, goal setting on its 
own has promising effects on fluency performance. In fact, 
meta-analytic results suggest when goal setting was an 
intervention component, effects on students’ ORF were 
immediate and long lasting (Morgan et al., 2012). Research 
syntheses conclude when interventions include a clear plan 
for goal attainment, academic outcomes improve (Didion 
et al., 2021). Planning for goal attainment promotes discus-
sion related to strategies so students learn to read text flu-
ently rather than just increase speed (Murray et al., 2012). 
Instruction on strategy use builds students’ ability to use 
effective means to problem solve and function indepen-
dently (Lenz et al., 1996). If students are unmotivated to use 
learned strategies, they are not effective (Berkeley et al., 
2011). Identifying strategies needed for attaining goals is 
aligned with teaching positive attributions. In this way, stu-
dents learn to associate success and failure with the use or 
lack of use of reading strategies (Berkeley et al., 2011; Solís 
et al., 2017).

Positive Attributions

As students with persistent reading difficulties age, their 
perceived competence (expectancies) to successfully com-
plete tasks decrease due to a history of failure (Nelson & 
Manset-Williamson, 2006). That is to say, students are 

unable to accurately attribute why they are unsuccessful on 
academic tasks (Stipek & Weisz, 1981). Positive attribu-
tions of efficacy and expectancy is defined as acquiring 
knowledge that they have the ability to complete a specific 
task to achieve a desired outcome (Didion et al., 2021; 
Wehmeyer et al., 1997). Students engage in tasks because 
they feel they have the strategies and skills to accomplish it 
(Wehmeyer et al., 1997). Recent intervention research 
examining the relationship between perceived self-efficacy 
and academic performance demonstrate that self-efficacy 
statements contribute positively to academic achievement 
(Solís et al., 2017).

One avenue to reshape students’ self-efficacy and expec-
tancy toward academic tasks is to teach positive attribu-
tions, commonly targeted through motivation training. 
Motivation training uses methods that target students’ 
thoughts, feelings, and beliefs about self and school (Yeager 
& Walton, 2011; see Table 2). It is intended to improve stu-
dents’ perceptions of their successes and failures by altering 
students’ self-perception and providing students with an 
effective way to explain their achievement through intrinsic 
means (Toste et al., 2017). Although research related to 
components of motivation training is limited, there is evi-
dence of its positive effects on the reading skills of elemen-
tary students with RD (Solís et al., 2017; Toste et al., 2017) 
and more research is warranted. Taking into consideration 
the lack of self-determination research related to teaching 
attributions, specifically through motivation training, the 
Data Mountain program was developed.

The Data Mountain Program

The Data Mountain program is an isolated self-determina-
tion program (i.e., no direct reading instruction) and meth-
ods teach elementary students to self-monitor and set 
short-term goals related to individual ORF performance. 
Components of motivation training are taught throughout 
sessions to teach positive attributions and provide students’ 
a strategic plan to achieve fluency goals. Specifically, with 
Data Mountain, students learn to self-monitor with a line 
graph and set daily personal best goals based on ORF data 
measured by the number of words they can read correct in 1 
min. Each session, motivation training components teach 
students to attribute their success with their use of reading 
strategies (e.g., sound out the words). Evidence from three 
single-case, multiple baseline design studies suggest that 
the Data Mountain program increased fluency outcomes of 
grade-level text by an average of 20 wpm for 12 third grade 
students with or at risk for RD with visible changes to level 
and trend (Didion et al., 2020).

Group Size. To create a self-determined learning commu-
nity, a recommended practice for teachers is to make 
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success a public and explicit conversation to support 
autonomous motivation (Wehmeyer et al., 2017). This 
study sought to extend the evidence of the single-case 
design research by examining the interaction of an addi-
tional component, group size, on the success of the imple-
mentation of Data Mountain. In a small group, students 
have additional opportunities for relatedness (i.e., feeling 
connected to others in social settings; Deci & Ryan, 
2012). While research suggests that students learn more 
when receiving instruction in a one to one situation as 
compared with small group (Vaughn & Wanzek, 2014), it 
is hypothesized that the shared experience of self-moni-
toring and goal setting between students will increase the 
effectiveness of the program. The small group delivery 
provides students with additional models of fluent read-
ing and application of strategies between peers, which has 
evidence to improve fluency (Chard et al., 2002).

Statement of Purpose. The present study seeks to investigate 
whether Data Mountain can extend the findings from the 
original single-case studies (Didion et al., 2020) using a 
large-scale randomized controlled trial. Specifically, we 
examine the isolated impact of Data Mountain on students’ 
ORF performance. Methods will compare program group 
size by using two treatment groups; comparisons will be 
made to determine whether effects differ between students 
receiving the instruction in a small group (DM-G) and stu-
dents receiving the program individually (DM-I). Both 

treatment conditions will be compared with a comparison 
condition. Furthermore, research demonstrates self-determi-
nation skills can be taught to a wide range of grades and 
learning profiles (see Algozzine et al., 2001; Didion et al., 
2021; Konrad et al., 2007; Reid, 1996; Shogren et al., 2004; 
Webber et al., 1993; Wood et al., 2005). As such, exploratory 
analyses of moderating effects of participant characteristics 
(i.e., grade level, pretest performance, English learner sta-
tus) are examined. Thus, we sought to explore three research 
questions:

1. Do Grades 2 through 5 students with or at risk for RD 
demonstrate increased ORF growth when participating 
in a self-determined learning program (Data Mountain) 
as compared with a comparison condition?

2. Does ORF growth accelerate at a higher rate when 
the program is delivered in a small group (DM-G) as 
compared with individually (DM-I)?

3. Are there participant characteristics that moderate 
effects of program or delivery format (i.e., grade 
level, pretest performance, English learner status)?

Method

Participants

Participants were recruited from two public charter schools 
in the Southwest region of the United States and both schools 

Table 2. Characteristics of Motivation Training Components.

Component Characteristics

Identifying negative and 
positive statements

•   Students recognize that positive thoughts can be self-promoting and negative thoughts 
can be self-defeating.

•   Changing negative opinion into positive statements
•   “Your friend thinks that he is going to fail the spelling test because spelling is hard for 

him, is that a positive or negative thought?”
Self-motivating statements •   Attributing success to internal reasons

•   Providing specific feedback to teach students to attribute outcomes to strategy use 
and effort

•   “You got a good score on this read because you worked hard and persevered.”
Performance assessment •   Direct feedback to help students make connections between the use of strategies and 

achievement
•   Performance specific feedback rather than generic “Good job.”
•   “You worked so hard to reach your 5th reading goal. Remember the first time you 

reached a reading goal? Now you have reached 5!”
Positive labeling •   Making phrase statements about goals and expectations about others.

•   “You are a hard-working student. Hard-working students keep working when things 
are difficult to get good grades.”

External standards related 
to performance goals

•   Connect students to concrete examples to set goals for task completion.
•   “Complete this task like you think the smartest person you know would complete it.”

Self-reflection •   Students examine an academic situation that was hard for them and identify the 
thoughts they may have had in that situation.

•   “Think of a time when something was hard for you in school. What thoughts were 
going through your head?”

•   “Think of a time when you aced an assignment. What thoughts did you have?”



Didion and Toste 379

met standards for state-wide accountability. After obtaining 
university research ethics review approval, Grades 2 through 
5 students with or at risk for RD were recruited through a 
two-step screening process. First, teachers and administra-
tion of recruited schools nominated students with persistent 
difficulties with reading fluency, including students with or 
without formal LD identification. Then, nominated students 
were screened using the Test of Word Reading Efficiency–
Second Edition (TOWRE-2) and were eligible for the study 
if they scored below the 25th percentile on at least one of the 
two subtests. The final sample consisted of 83 students (44 
males, 39 females). Both schools used a standardized read-
ing curriculum within a multi-tiered system of support. Most 
students received supplemental reading instruction: 16 stu-
dents were identified with an LD and received special edu-
cation services, 15 students received dyslexia services under 
Section 504, and 52 students received other targeted aca-
demic support (i.e., Tier 2 or Tier 3 services; see Table 3). 
Based on power analysis estimates blocked on school and 
assuming moderate effect-size variability (σδ

2 = .10) and 
10% student attrition, the sample was adequately powered 
for three groups to detect an effect of .50 with a power of .80 
(Raudenbush et al., 2011).

Attrition Analysis

In all, 96 students qualified, 83 returned parent consent and 
assented, 82 completed the pretest battery, 81 began the 

study, and 74 completed the posttest battery. Two students 
withdrew from the study during or right after the pretest 
battery. Of the students that began the study, seven students 
did not complete the study: four students moved schools 
and three students elected to withdraw. Of those that did not 
complete the study, one was identified with an LD, one with 
dyslexia, and the remaining five were identified as strug-
gling readers receiving Tier 2 or Tier 3 reading intervention. 
Of those that moved, one was randomized to the DM-G 
condition, one to the DM-I condition, and two to the com-
parison condition. Of the students that withdrew, all three 
were randomized to DM-I. Overall attrition was 10.84%. 
Differential attrition between Data Mountain and compari-
son was 1.02% and between DM-I and DM-G was 5.93% 
(What Works Clearinghouse, Institute of Education 
Sciences, 2020). Taking into account overall and differen-
tial attrition estimates, conservative attrition standards 
indicate low attrition and expected bias (What Works 
Clearinghouse, Institute of Education Sciences, 2020). No 
differences were detected in pretest variables between stu-
dents that were lost to attrition and included participants, 
F(2, 79) = 1.29, p = .27.

Research Design and Procedures

Participants were blocked on school with each grade level 
acting as a stratum: two-thirds of participants at each grade 
were randomly assigned to receive instruction with the Data 

Table 3. Participant Demographic Data.

DM-G
(n = 27)
(k = 12)

DM-I
(n = 30)

COM
(n = 26)

Total
(N = 83)

Student Variable n n n n %

Gender
 Male 14 17 13 44 53
 Female 12 13 14 39 47
Grade
 Second 2 5 5 12 14
 Third 6 7 6 19 23
 Fourth 6 6 5 17 20
 Fifth 13 12 10 35 42
Ethnicity
 Hispanic 22 24 23 69 83
 Black 2 2 1 5 6
 White 2 1 1 4 5
 Other 1 2 0 3 4
FRL 21 22 18 61 73
LD 5 5 6 16 19
Dyslexia services 4 3 8 15 18
Tier 2 or 3 16 20 16 52 63
EL 7 9 9 25 30

Note. DM-G = Data Mountain small group; k = Number of small groups; DM-I = Data Mountain individual; COM = comparison; FRL = free and 
reduced-price lunch; LD = Learning disability; EL = English learner.
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Mountain program, either designated to receive Data 
Mountain in small group (DM-G) or individual (DM-I) ses-
sions. The remaining one-third of participants comprised 
the comparison condition and participated in reading pas-
sages only. Students across all conditions met with inter-
ventionists 3 to 5 times per week. The procedures used for 
the reading passages, the training lesson, and the Data 
Mountain program are described in subsequent sections.

Reading passages. In all conditions, students were presented 
with a 1-min grade-level ORF passage from FastBridge 
Learning (Christ et al., 2014). The interventionist read 
directions and started the timer as the student read the first 
word. Errors were marked while the student read. At the end 
of one minute, the interventionist calculated the words read 
correct per minute (wpm) score. All students had one read-
ing passage session during the pretest assessment battery to 
serve as a baseline datum point. Comparison students par-
ticipated in reading passages only and, as such, each of their 
15 sessions lasted an average of 3.17 min. No additional 
reading instruction was delivered by interventionists.

Data Mountain program. The instructional program is made 
up of one training lesson (M = 8.75 min) and 15 scripted 
sessions. DM-G sessions were on average 12.53 min and 
DM-I sessions were on average 6.7 min. The total average 
duration of the program was 3.13 hours for DM-G delivery 
and was 1.75 hours for DM-I delivery. The Data Mountain 
program was intended to teach three self-determination 
components in isolation (i.e., absent of reading instruction): 
(a) self-monitoring, (b) goal setting, and (c) positive attribu-
tions. Implementation differences between the two treat-
ment conditions will be discussed following an overview of 
the Data Mountain program procedures.

Data Mountain training lesson. All DM-G groups and 
DM-I students received one training lesson focused on 
teaching self-monitoring procedures and introducing key 
vocabulary related to goal setting. This explicit, scripted 
lesson provided instruction on data, trend, variability, goals, 
and line graphs. The abstraction of progress was introduced 
with a line graph and depicted as a “data mountain”—such 
that, as one makes progress, sometimes performance data 
increase and sometimes data decrease (variability) like 
peaks and valleys on a mountain, but we track data to 
observe performance and evaluate that data are growing 
similar to the incline of a mountain (trend).

First, the interventionist modeled scripted self-talk by 
sharing fictionalized data (i.e., running distances and times) 
via a line graph. Language was modeled around effort and 
strategy use (e.g., “I’ll eat a healthy breakfast before I run”) 
to make the data mountain go higher. The interventionist 
also modeled how to graph a data point. Next, the students 
discussed data using a researcher-created worksheet that 

included a line graph and eight questions pertaining to a 
scenario of an elementary student’s self-monitoring of math 
scores. The training lesson concluded with conversation 
about the students’ baseline ORF datum point collected dur-
ing pretest. They were told this was the start of their indi-
vidual data mountain and that next time they would set a 
goal to make their mountain “go higher.”

Data Mountain sessions. The self-monitoring and goal 
setting components are the same throughout each of the 15 
sessions of the Data Mountain program. Motivation train-
ing components built upon one another as the sessions 
progressed (adapted from Toste et al. [2017, 2019]). Dur-
ing the first two sessions, vocabulary taught in the train-
ing lesson are reviewed and students learn to recognize 
positive and negative thoughts. Sessions 3 through 7 used 
story vignettes to model how positive and negative thoughts 
can help readers identify reading strategies taught by their 
classroom teachers or specialists that may improve reading 
performance. In these sessions, goal setting and self-moni-
toring are explicitly tied to reading strategy use and specific 
strategies that improve reading performance are discussed. 
Finally, during Sessions 8 through 15, students continued 
to self-reflect on their reading fluency with focus on the 
generalization of learned strategies to support ORF prog-
ress. In these final sessions, students built their own reading 
strategy and positive thought bank to use to reach their ORF 
goals (see Table S1 in the online supplemental material for 
scope and sequence). Session details are described below.

To begin each session, students completed a motiva-
tional check-in to reflect on their current readiness by 
using a 5-point pictured scale (1 indicated feeling tired, 
while 5 represented feeling awesome). Then, students 
were introduced to a concept of motivation training. 
Throughout sessions, the interventionist modeled positive 
self-talk and assisted students in generating self-motivated 
statements to use during reading passages. This was exe-
cuted through fictitious scenarios of students that have 
reading difficulties. Discussion was based around thoughts 
students may have when encountering a challenging read-
ing task and strategies to accomplish reading goals. A 
sample scenario might be:

Jin saw a lot of questions his teacher wanted him to do. He 
thought to himself, “There are too many. I’ll never be able to 
finish all these questions.” Can you tell me if Jin is having a 
positive or negative thought? (students respond) Now, can you 
help Jin be successful by giving him some examples of positive 
thoughts? (students respond) Great! Positive thoughts can be 
powerful and help us focus on strategies. Can you think of 
something Jin could do to tackle the questions when he is 
worried? (student responds; interventionist prompts as 
necessary) Jin can link his positive statements to his strategies 
to say things to himself like, “I know I can do all this work 
because I will stay focused!”
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As sessions progressed, students were probed to reflect 
upon personal academic situations that they had difficulty 
with and the types of thoughts they had during these 
instances. Student(s) and interventionist discussed ways 
to change negative thoughts into positive thoughts and 
reading strategies they could use during future situations. 
It was emphasized that negative thoughts indicate we are 
struggling with a task, but this kind of thinking slows 
progress down, and positive thoughts remind us to use 
reading strategies that help us reach our goals. For each 
student, during the final eight sessions, the interventionist 
helped identify strengths and weaknesses related to ORF. 
Students brainstormed previously learned strategy knowl-
edge to produce an individualized list based on their 
needs. When necessary, the interventionist suggested 
commonly taught reading strategies to support fluency 
performance (e.g., sounding out the word, chunking, 
track with your finger). Then, students determined posi-
tive thoughts they could generate during ORF passages. 
Finally, just prior to reading, students connected their 
positive thoughts to a reading strategy to generate posi-
tive strategic statements (e.g., “I know I can do it because 
I will sound out difficult words”).

Following the motivation training, each student reviewed 
their wpm line graph from previous sessions and discussed 
goals. The goal for each student was their highest wpm 
score plus one more word. The goal was teacher-directed to 
prevent the elementary students from setting long term 
goals that were not achievable, which in turn could discour-
age students’ progress. While the aim for attaining personal 
best goals was directed by the teacher, students led the pro-
cess of establishing the daily wpm goal. On the graphed 
ORF data, each student identified their highest datum point 
and added one word to make their daily goal. Then, the 
interventionist provided students their assigned ORF pas-
sage with a pre-marked star to highlight the location of their 
goal to make their data mountain “go up.”

After that, the interventionist read the scripted direc-
tions and the student read the timed passage. At the end  
of 1 min, the interventionist calculated the wpm score. 
Then, the student plotted their datum point on their paper 
line graph, with help from the interventionist. After the 
datum was graphed and connected to the previous point, 
the interventionist and student(s) conferenced on their 
achievement and whether the data increased, decreased, or 
remained stable. Students evaluated whether or not the 
selected strategy supported their ORF performance. For 
instance, if the student did not meet their goal, the inter-
ventionist discussed with the student if they thought their 
strategy was helpful in improving their ORF performance. 
In this case, students were prompted to consider using a 
different strategy on their next session. When goals were 
met, descriptive praise statements were used that con-
nected goal success to strategy use.

Data Mountain Small Group

The procedures and script of the Data Mountain program 
were consistent across all students in the Data Mountain 
conditions (DM-G and DM-I). Instructional delivery to 
DM-G participants varied slightly since the self-deter-
mined learning was occurring in a shared, public space. 
DM-G groups were made up of two or three grade-level 
peers. During the Data Mountain training lesson, students 
were explicitly taught respectful conversation norms and 
briefly practiced expectations. Students were prompted to 
encourage each other, assist one another to reframe nega-
tive thoughts into positive, and provide one another with 
example strategies. While individual students were read-
ing ORF passages, the remaining students were directed to 
silently observe their peer and pay attention to the strate-
gies they noticed. After all students in the group read their 
ORF passage, students received their wpm score simulta-
neously and graphing commenced as a group. Students 
were encouraged to compliment their peers on strategies 
they observed them using. It was continuously empha-
sized that data for each student will be variable and that 
we need to support one another in their overall progress. 
Probes were randomized in an individual sequence for 
each participant and no two students in the same group 
read the same passage on the same day.

Interventionist Training and Fidelity of 
Implementation

The primary investigator (PI) trained one research assistant 
(RA) and both served as interventionists. The training 
included program rationale, explicit directions, and exam-
ples on how to deliver each component of the Data Mountain 
program. A follow-up meeting occurred one week prior to 
program commencement to observe implementation fidel-
ity levels. Each program interventionist mock-administered 
various sessions of the program. Procedural fidelity was 
collected and greater than 90% fidelity was achieved.

All sessions were audio recorded and uploaded to a 
secure cloud server daily. Across all conditions (DM-G, 
DM-I, COM), 30% of audio for each participant or group 
was randomly chosen for implementation fidelity and 
scored by an additional RA who was not involved in instruc-
tion. A 26-item fidelity checklist was developed to assess 
behaviors related to general procedures, reading passages, 
self-monitoring, goal setting, and motivational beliefs. The 
checklist also included a qualitative rating. Components 
were scored as observed, not observed, or not applicable. 
The qualitative rating scored interventionists as highly 
effective (3), somewhat effective (2), or ineffective (1) on 
their pacing, correction procedures, and promotion of posi-
tive behavior. Scores were calculated by dividing the num-
ber of items that did occur by the total number of items 
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observed. The mean implementation adherence score across 
components, conditions, and interventionists was 97.88% 
(SD = 2.89). The mean quality score across conditions and 
interventionists was 2.89 (SD = 0.30) reflecting a highly 
effective rating.

Data Collection and Measures

Progress monitoring data for ORF was the primary variable 
of interest and was collected throughout the project as part 
of typical sessions. For all other measures, participants 
completed pre- and posttest assessment batteries that 
included measures of word reading, fluency, and motivation 
to provide descriptive information of students’ performance 
levels. Other measures of word reading, fluency, and moti-
vation were collected for descriptive purposes only.

Progress monitoring. One measure was used to progress 
monitor students throughout the program as part of regu-
lar sessions, Formative Assessment System for Teachers 
CBMReading (FastBridge Learning; Christ et al., 2014). 
These 20 ORF grade-level probes were randomized in an 
individual sequence for each participant (DM-G, DM-I, 
and comparison) to help control for effects that could be 
attributable to probe difficulty. For Grades 2 through 5, 
alternate form reliabilities range from .75 to .83 (Christ 
et al., 2014). In the present sample, the correlation between 
pretest FastBridge Learning passages and Dynamic Indi-
cators of Basic Early Literacy Skills (DIBELS) ORF was .73.

Word reading. DIBELS ORF (Good et al., 2001), similar to 
the progress monitoring measures, was administered pre- 
and post- test. Three grade-level passages were given in one 
sitting and a mean wpm score is reported. Also, the 
TOWRE-2 was administered during the screening phase, 
but it also served as a measure of word reading for pre- and 
posttest assessment. Developers report overall average 
alternate-form reliabilities for subtests are .91 and .92 
(Torgesen et al., 2012).

Fluency. Students were also given the Test of Silent Reading 
Efficiency and Comprehension (TOSREC; Wagner et al., 
2010) as a measure of ORF. The TOSREC is a 3-min sen-
tence verification measure of both silent reading fluency 
and comprehension. The raw score is the number of correct 
responses minus the number of incorrect responses. 
Reported alternate form reliability coefficients range from 
.86 to .95 (Wagner et al., 2010).

Motivation. Motivation was assessed using two measures: 
Motivations for Reading Questionnaire (MRQ; Wigfield 
& Guthrie, 1997) and Reading Attribution Scale (RAS; 
Shell et al., 1995 and adapted by Berkeley et al. [2011]). The 
MRQ is a 54-item survey that taps 11 motivation constructs. 

Each item has four possible points on a Likert-type scale 
(1 = very different from me to 4 = a lot like me). The sum-
mary score is reported with higher scores representing 
strong agreement with motivational processes (Wigfield 
et al., 1996). For the present sample, Cronbach’s alpha 
was calculated at pretest and demonstrated good internal 
consistency (α = .69). The RAS consists of seven pairs of 
statements, one for success (e.g., “When I don’t under-
stand what I read, it is because I worked hard”) and 
one for failure (e.g., “When I don’t understand what I 
read, it is usually because I didn’t work hard”) for tar-
geted attributions. Each item uses a 5-point Likert-
type scale (1 = never true to 5 = always true). 
Subscale totals range from 14 to 35. Higher scores (> 
21) suggest high attributions for internal variables and 
low attributions for external variables, and lower 
scores (< 21) indicate low attributions for internal 
variables and high attributions for external (Berkeley 
et al., 2011). For the present sample, Cronbach’s alpha 
was calculated at pretest and demonstrated good inter-
nal consistency (α = .89). Each item of the MRQ and 
RSA was read aloud to students to maintain standard-
ization and ensure comprehension.

Social validity. During the posttest battery, social validity 
data were collected from all participating students using a 
researcher-developed survey. This 8-item survey required 
students to rate how statements pertain to them using a 
3-point picture scale: not at all, sometimes, and always. 
Items included statements about the usefulness and likabil-
ity of Data Mountain, as well as attribution statements. The 
score is reported as a mean score for each item.

Data Analysis Plan

Hierarchical linear modeling (HLM) uses a set of tech-
niques to examine individual growth (Raudenbush & Bryk, 
2002). This type of linear model provides both an intercept 
and a slope, which is important to evaluate the effect of the 
Data Mountain program on ORF, as well as its effect on 
ORF growth over time. Visual inspection of the individual 
students’ graphs concluded that a linear growth model was 
appropriate (Raudenbush & Bryk, 2002). Full maximum 
likelihood estimation was used. The multilevel model con-
tained three levels not cross-classified: Level 1 represents 
the variability in individual student growth over time 
(within-student), Level 2 represents the variability around 
student growth (between-student) within a classroom and 
Level 3 represents the variability around some classroom 
mean. The students’ reading fluency performance (wpm) is 
nested within individual students nested within classrooms; 
therefore, a time variable (ati) was added to the Level 1 
model. First, the unconditional model examined whether 
slopes showed significant growth. Next, a conditional 
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model examined possible differences in growth based on 
receiving the Data Mountain program and comparison stu-
dents. Then, a conditional model examined differences in 
growth between DM-G and DM-I students only. Finally, a 
conditional model examined possible differences in the 
growth based on group membership (DM-G, DM-I, com-
parison) with a covariate (pretest performance) and mod-
erators of grade level and EL status. TOWRE-2 (pretest 
performance) total scores were grand mean centered so the 
adjusted means could be interpreted. Group membership, 
grade level, and EL status were modeled as fixed effect as 
they are variables that do not change over time. Intercept, 
slope, and pretest performance were modeled as random 
effects. Time was reverse coded (session 15 = 0; baseline 
session = −15) to determine the overall effect at the end of 
the study.

The unconditional model is presented as follows:
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where Ytij  is the ORF score observed for an individual stu-
dent i in classroom j at time t, π0ij is the intercept at week 
15 for student i in classroom j, π1ij is the linear slope rep-
resenting reading fluency growth over time (for classroom 
j) and etij  is the error variance of studentij  at time, t. The 
error effects are normally distributed with a mean of 0 and 
a variance of σ 2 .  β00 j  is the intercept representing the 
mean ORF score for all participants at week 15 (time 0) in 
classroom j. β10 j  is the slope representing the average 
growth rate of all participants in classroom j. r ij0  and r ij1  
are the error variance for mean and slope of classroomj , 
respectively. γ 000  is the grand mean intercept and γ100  is 
the grand mean slope. u j00  and u j10  are the deviation of 
the mean of classroomj  from the grand mean and assumed 
that these effects are normally distributed with a mean of 
0 and a variance of τ .

The conditional multilevel model for group member-
ship, grade level, pretest performance, and EL status will be 
represented as follows:
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where the notations are interpreted the same as the uncondi-
tional model, but also demonstrate the conditional effect of the 
independent variables (group membership, grade level, pretest 
performance, EL status). Categorical variables such as group 
membership, grade level, and EL status were not centered. 
Group membership was dummy coded as each Data Mountain 
condition versus the comparison condition (reference group). 
Finally, pseudo effect sizes were calculated for the conditional 
model using the following formula: d t df= 2 / .

Results

Table 4 presents the pre- and posttest means by condition on 
all assessments. No significant differences between condi-
tions were detected on any of the following variables. First, 
to determine baseline equivalence, chi-square analyses were 
conducted for categorical variables (i.e., FRL, EL, LD, dys-
lexia, Tier 2 services, gender). Then, one-way ANOVA was 
conducted to compare students’ scores on FastBridge wpm 
mean, DIBELS wpm mean, TOWRE-2, TOSREC, MRQ, 
and RAS. These differences were insignificant.

Sensitivity Analysis and Assumption Adherence

A series of sensitivity analyses of the final model were con-
ducted for various cases. First, since HLM is equipped to 
handle missing data at Level 1, all data from students that 
moved or withdrew were included in the overall analysis. In 
HLM, each session for individual students is treated as a 
separate case so only missing data points are excluded from 
analysis and not the whole individual with missing data. 
The final model was run excluding participants lost to attri-
tion, and results indicated that there were no changes in p 
values for intercept, slope, and moderating variables. 
Residual analyses were conducted to check model fit. 
Analyses indicated that the Level 1 error structure is nor-
mally and independently distributed with a mean of 0 and a 
variance that is constant across individuals in the popula-
tion. Residuals were bivariate and were approximately nor-
mally distributed. Scatterplots of wpm scores did not reveal 
outliers or influential observations.

Unconditional Model

In sum, 1,296 observations at Level 1, 81 included partici-
pants at Level 2, and 11 reading classrooms at Level 3 were 
included in the model. The unconditional model illustrated 
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the average wpm score at session 15 across all participants 
and classrooms was 96.09 (t = 11.13, p < .001) and students 
increased their wpm by 1.40 words each session (t = 10.34, 
p < .001). The variance in end wpm score and slope suggest 
variability across the participants. We can reject the null and 
conclude that participants varied significantly in their wpm 
scores and growth rates (see Table 5). Further examination of 
variables hypothesized to explain this variation is necessary.

Data Mountain Effects

Data Mountain versus comparison. To answer the primary 
research question to understand if second through fifth 
grade students with or at risk for RD demonstrated increased 
ORF growth when participating in Data Mountain as com-
pared with the comparison participants, a conditional model 
was run with group membership (Data Mountain versus 
comparison) as a moderating variable (see Table 5). Results 
indicated that at the end of the study, the average wpm score 
for comparison students across conditions and grades was 
73.28 (t = 6.02, p < .001). Students in Data Mountain con-
ditions (both DM-G and DM-I) read 30.57 more words than 
comparison students (t = 3.43, p = .006). The average 
growth rate for comparison students was 0.59 words each 
session (t = 3.39, p = .007). Data Mountain participants 
increased at a rate of 1.09 more words than comparison (t = 
5.018, p < .001). To calculate the proportion of variance 
explained by Data Mountain the following equations were 

used for wpm scores intercept τ τ
τ

00 00

00

unconditional conditional

unconditional

−  and for 

slope 
τ τ

τ
11 11

11

unconditional conditional

unconditional

−
. Results indicated that 29% of 

variation in participants reading scores and 63% of varia-
tion in growth rate is due to Data Mountain.

DM-G versus DM-I. To understand differences in delivery 
format (DM-G versus DM-I) on growth rate, a conditional 

model was run with Data Mountain students only (see Table 5). 
Comparison students were excluded from the analysis. 
Results indicated that at the end of the study, the average 
wpm score for DM-G students across grades was 103.22  
(t = 10.41, p < .001). Students in the DM-I condition read 
104.77 words at session 15 (t = 3.43, p = .87). The average 
growth rate for DM-G students was 1.47 words each session 
(t = 6.66, p < .001). DM-I participants increased at a rate of 
0.44 more words than the DM-G students (t = 1.68, p = .12).

Final Conditional Model

Intercept. A conditional model with all covariates and mod-
erating variables was run to answer the third research ques-
tion (see Table 5). This model allowed for the examination 
of differences in group membership and co-varying effects 
of pretest performance and the moderating effects of grade-
level and EL status. Results of this analysis indicated that, 
at the end of the study, the mean wpm score for fifth grade 
EL students in the comparison condition with the sample 
average total score on the TOWRE-2 was 108.11(t = 19.85, 
p < .001). Multiple models were run with different grade 
levels as the reference group to evaluate all pairwise com-
parisons. Holding all other variables constant, second grade 
students read an average of 73.23 words less than fifth grade 
students (t = −9.72, p < .001; d = −3.89), 70.2 words less 
than fourth grade students (t = −8.41, p < .001; d = −3.37), 
and 38.21 words less than third grade students (t = −4.63,  
p < .001; d = −1.85). Third grade students read an average 
of 35.02 words less than fifth grade students (t = −5.39, p < 
.001; d = −2.15) and 31.99 words less than fourth grade 
students (t = −4.27, p < .001; d = −1.71). Fourth grade 
students read an average of 3.03 words less than fifth grade 
students (t = −0.47, p = .65; d = −0.19). Holding all other 
variables constant, students in the DM-G group read 25.02 
more words than comparison students at Session 15 (t = 
4.08, p < .001; d = 1.63) and DM-I group read 25.86 more 

Table 4. Pre- and Posttest Means and Standard Deviations for All Groups and All Measures.

Pretest Posttest

 
DM-G

(n = 26)
DM-I

(n = 29)
COM

(n = 27)
DM-G

(n = 25)
DM-I

(n = 25)
COM

(n = 24)

Measure M SD M SD M SD M SD M SD M SD

FB WPM 77.92 (39.62) 76.00 (40.01) 79.50 (32.15) 103.64 (30.96) 108.16 (41.89) 87.46 (34.69)
DIBELS WPM 65.38 (31.51) 59.52 (31.51) 57.44 (28.47) 76.36 (33.81) 75.15 (32.59) 65.74 (27.67)
TOWRE 78.12 (10.67) 78.57 (9.26) 75.00 (8.44) 83.04 (9.70) 84.79 (10.89) 77.88 (11.28)
TOSREC 80.50 (14.06) 79.31 (15.41) 78.81 (16.19) 85.16 (16.01) 83.33 (13.98) 84.17 (13.50)
MRQ 153.36 (19.85) 150.03 (36.06) 144.78 (18.02) 140.12 (38.06) 128.13 (67.30) 121.56 (48.33)
RAS 40.50 (8.28) 38.83 (10.98) 40.74 (12.00) 39.44 (9.09) 39.52 (11.99) 39.46 (7.48)

Note. DM-G = Data Mountain small group; DM-I = Data Mountain individual; COM = comparison; FB = FastBridge; DIBELS = Dynamic Indicators of 
Basic Early Literacy Skills; TOWRE = Test of Word Reading Efficiency; TOSREC = Test of Silent Reading Efficiency and Comprehension;  
MRQ = Motivation for Reading Questionnaire; RAS = Reading Attribution Scale.
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Table 5. Fixed and Random Effects of Data Mountain for the Various Models.

Unconditional model

Fixed effect Coefficient SE t ratio p value

Mean status, β00 96.09 8.56 11.13 <0.001
Mean growth rate, β10 1.40 0.14 10.34 <0.001

Random effect Variance component df χ2 p value

End status, roj 1,065.11 70 2,888.08 <0.001
Growth rate, r j1 0.52 70 186.06 <0.001
Level-1 error, eti 103.14  

Conditional model with moderating effects of data mountain

Fixed effect Coefficient SE t ratio p value

Model for initial status, π0 i

 BASE, β00 73.28 12.14 — —
Data Mountain, β01 30.57 8.83 3.47 0.006
Model for growth rate, π1i

 BASE, β10 0.59 0.15 3.99 0.003
 Data Mountain, β11 1.09 0.19 5.84 <0.001

Random effect Variance component df χ2 p value

Initial status, roj 758.46 58 1,747.46 <0.001
Growth rate, r j1 0.19 58 105.39 <0.001
Level-1 error, eti 103.04  

Results from conditional model with moderating effects of group membership

Fixed effect Coefficient SE t ratio p value

Model for initial status, π0 i  
 BASE, β00 103.22 9.92 — —
 DM-I, β01 1.55 8.86 0.18 0.87
Model for growth rate, π1i

 BASE, β10 1.47 0.22 6.66 <0.001
 DM-I, β11 0.44 0.27 1.68 0.12

Random effect Variance component df χ2 p value

Initial status,roj 815.99 33 1,071.44 <0.001
Growth rate, r j1 0.15 33 49.79 0.03
Level-1 error, eti 110.15  

Results from the final model

Fixed effect Coefficient SE t ratio p value

Model for initial status, π0 i

 BASE, β00 108.11 5.45 — —
 SECOND, β01 −73.23 7.54 −9.72 <0.001
 THIRD, β02 −35.02 6.50 −5.39 <0.001
 FOURTH, β03 −3.03 6.54 0.47 0.65
 DM-G β04 25.02 6.14 4.08 <0.001
 DM-I, β05 25.86 6.00 4.31 <0.001
 TOWRE, β06 1.90 0.26 7.23 <0.001
 EL, β07 −10.78 5.33 −2.02 0.054

(continued)
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Fixed effect Coefficient SE t ratio p value

Model for growth rate, π1i

 BASE, β10 0.80 0.23 — —
 SECOND, β11 −0.51 0.31 −1.67 0.11
 THIRD, β12 −0.11 0.29 −0.38 0.70
 FOURTH, β13 0.24 0.31 0.80 0.43
 DM-G, β14 0.85 0.20 4.28 <0.001
 DM-I, β15 1.29 0.20 6.51 <0.001
 TOWRE, β16 0.01 0.009 1.27 0.23
 EL, β17 −0.17 0.18 −0.96 0.35

Random effect Variance component df χ2 p value

Initial status, roj 443.27 53 1,285.97 <0.001
Growth rate, r j1 0.16 53 104.54 <0.001
Level-1 error, eti 103.08  

Note. See Tables S3 and S4 in the online supplemental materials for model output with different grade-level reference groups. DM-I = Data Mountain 
individual; DM-G = Data Mountain small group; TOWRE = Test of Word Reading Efficiency; TOWRE variable was grand mean centered;  
EL = English learners.

Table 5. (continued)

words than comparison students at Session 15 (t = 4.31, p 
< .001; d = 1.72). Holding all other variables constant, the 
amount the TOWRE-2 score increased by 1 unit, students 
end wpm score is greater by 1.9 words and this difference is 
significant in the population (t = 7.23, p < .001; d = 4.58). 
Finally, holding all other variables constant, EL students’ 
wpm score is 10.78 words less at session 15 and this differ-
ence was not significant in the population (t = −2.02, p = 
.05; d = −0.81).

Slope. At the end of the study, the mean growth rate for fifth 
grade, EL students in the comparison condition with the 
sample average total score on the TOWRE-2 was 0.80 
words each session (t = 3.47, p < .01). Holding all other 
variables constant, for each session second grade students’ 
mean growth rate was 0.51 words less than that of fifth 
grade students (t = -1.66, p = .11; d = -0.67), 0.75 words 
less than that of fourth grade students (t = −2.19, p = .04; 
d = −0.87), and 0.39 words less than that of third grade 
students (t = −1.2, p =.24; d = −0.48). Third grade stu-
dents’ mean growth rate was 0.11 words less than that of 
fifth grade students (t = −0.4, p = .70; d = −0.15) and 0.36 
words less than that of fourth grade students (t = −1.09, p 
= .28; d. = −0.44). Fourth grade students’ mean growth 
rate was 0.25 more words than that of fifth grade students (t 
= 0.80, p = .43; d = 0.32). Holding all other variables 
constant, DM-G students read 0.85 more words than com-
parison students and this differed significantly in the popu-
lation (t = 4.28, p < .001; d = 1.71). Also, students in the 
DM-I group read 1.29 more words each session than that of 
comparison students, and this differed significantly in the 
population (t = 6.52, p < .001; d = 2.61). Holding all other 
variables constant, the amount the TOWRE-2 score 
increases by 1 unit, students’ growth rate is greater by 0.01 

each session, and this difference is not significant in the 
population (t = 1.27, p = .23; d = 0.8). Finally, holding all 
other variables constant, EL students’ growth rate is 0.17 
words less each session than the mean growth rate of non-
ELs, and this was not significant in the population (t = 
−0.96, p = .35; d = −0.38). Using the abovementioned 
equations to calculate the proportion of variance explained 
by all predictors in the model indicated that 59% of varia-
tion in participants reading scores and 69% of variation in 
growth rate is due to group membership, grade level, pretest 
performance, and EL status.

Social Validity

Students rated items with a 3-point scale: not at all (1), 
sometimes (2), and always (3). All students who completed 
posttest reported “always” or “sometimes” for every item 
and no student reported “not at all.” The highest scored item 
was related to attributions, such that students reported that 
when using Data Mountain, they read more words because 
they tried hard. Other items with high scores were that stu-
dents liked using Data Mountain and they wanted to keep 
using it. The items that scored the lowest were that Data 
Mountain made them feel smart and that it was easy to use. 
These items were scored as “sometimes” more frequently 
(see Table S2 of the online supplemental materials for aver-
age social validity scores by item).

Discussion

The purpose of this study was to determine whether the 
Data Mountain program bolstered the ORF rate of second 
through fifth graders with or at risk for RD. Three research 
questions explored the program efficacy. First, do Grades 
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2 through 5 students with or at risk for RD demonstrate 
increased ORF growth when participating in the Data 
Mountain program as compared with a comparison condi-
tion? Findings provide evidence that the students who par-
ticipated in the Data Mountain program outperformed 
comparison students on ORF and rate of growth. Second, 
does ORF growth accelerate at a higher rate when the pro-
gram is delivered in a small group (DM-G) as compared 
with individually (DM-I)? Results suggest that students per-
formed similarly in both delivery formats. Third, are there 
participant characteristics that moderate effects of program 
or delivery format? In sum, no moderating effects were evi-
denced for growth rate, suggesting results did not differ 
regardless of grade, pretest levels, or EL status.

Data Mountain Improved Students’ Fluency and 
Rate of Growth

When controlling for grade level, pretest word-reading flu-
ency (TOWRE-2), and EL status, the full, conditional model 
indicated that DM-G and DM-I students read 25 more wpm 
at the end of the study as compared with comparison students 
(p = .001). Also, holding all other variables constant, the 
average rate of growth per session for DM-G students was 
1.65 wpm and for DM-I students was 2.09 wpm (p = .001) 
while comparison students’ growth rate per session was 0.80 
wpm. The average increase Data Mountain students had each 
session is quite impactful. The growth rate was substantial 
and significantly impacted students’ final wpm score. Based 
on a nationally representative normative sample of typically-
developing students’ wpm progress from fall to spring 
(National Center on Intensive Intervention, 2019), minimal 
acceptable rates of improvement (ROI) for second, third, 
fourth, and fifth grade students are 1.5, 1.5, 1.0, and 0.90 
words per week, respectively. Also to note, ambitious ROIs 
are 2.0 words per week for second and third grade students, 
1.5 words for fourth grade students, and 1.0 word for fifth 
grade students (Deno et al., 2001; Fuchs et al., 1993). It 
should be recognized that Data Mountain students on average 
performed close to or greater than ambitious grade-level 
ROIs each session—and they were completing multiple ses-
sions each week, while norms are based on growth per week. 
This may indicate that educating students to set goals, inter-
pret performance of their self-monitoring data, and attribut-
ing success with the use of reading strategies can greatly 
impact fluency achievement. For elementary students with or 
at risk for RD, research has indicated that repeated reading, 
explicit instruction, peer tutoring, modeling, and explicit 
feedback are associated with improved reading fluency per-
formance (Algozzine et al., 2009; Chard et al., 2002; NRP, 
2000; Stevens et al., 2017). Findings from this study demon-
strate that teaching self-determination skills in the context of 
passage reading positively impacts fluency performance.

Self-Determination as a Mechanism for Change

Data Mountain was designed to teach self-determination 
skills in isolation and findings suggest significant 
impacts to ORF growth rate. No reading skills or strate-
gies were directly taught in sessions, only the self- 
determination components in isolation. There are 
several reasons why self-determination alone positively 
impacted students’ rate of growth. Brief, social-psycho-
logical interventions, like Data Mountain, have an 
impact by targeting students’ thoughts, feelings, and 
beliefs about school, but they do not operate indepen-
dently (Yeager & Walton, 2011). Instead, they are situ-
ated and dependent on contextual variables (Ryan & 
Deci, 2017; Wehmeyer et al., 2017) such as reading skill 
knowledge. To read proficiently, students need to build 
fluency skills (Morgan et al., 2012). Self-determination 
skills do not replace explicit reading skill instruction but 
rather students’ performance using reading strategies 
(Berkeley et al., 2011; Didion et al., 2020; Toste et al., 
2017). Data Mountain worked in conjunction with the 
fluency skills and strategies taught by classroom teach-
ers; Data Mountain enhanced students’ generalization of 
existing reading skill knowledge. Targeting students’ 
self-determination without existing reading skills would 
not have provided the content needed for the self-deter-
mination processes to function.

Data Mountain supported the reading strategy instruc-
tion provided by classroom teachers and specialists. Data 
Mountain sessions provided students with repeated oppor-
tunities to engage in the same reading fluency task (i.e., 
read an ORF passage) in which they selected learned strat-
egies to achieve their daily wpm goal. Students may have 
become more internally motivated as they continuously 
achieved personal best goals across sessions—they expe-
rienced themselves as causal agents as they observed that 
performance was directly related to their own actions (i.e., 
the strategies they used; De Charms, 2013). Feedback on 
whether their strategy use was effective (i.e., goal attain-
ment) was provided through their self-monitoring graph. 
Goal achievement is an indicator of task mastery and com-
petence within that skill (Diseth, 2011; Pintrich & 
Schunck, 2002). Continual mastery of challenging tasks 
helps build a persons’ capacity and unique skills thus 
influencing the likelihood they will engage similarly in 
future tasks (Ryan & Deci, 2017). Students were more 
motivated to use reading strategies to attain their fluency 
goals because they had experiences of success in previous 
sessions. The strategy discussion included in Data 
Mountain contributed to helping students understand 
when to use strategies to improve their ORF (Berkeley 
et al., 2011; Toste et al., 2017, 2019). Self-determination 
does not change fluent reading skills but rather their per-
formance using reading strategies.
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Group Size

No significant differences in performance for students in 
the DM-G and DM-I conditions were observed. These find-
ings provide evidence that Data Mountain can be effectively 
delivered to students in small groups and individually, 
which has promising implications for the feasibility of 
using this program in schools. It was hypothesized that stu-
dents in the DM-G condition would improve at a higher rate 
than students in DM-I due to the shared learning experience 
between students that supports autonomous motivation 
(Wehmeyer et al., 2017). There are possible reasons why 
the hypothesis regarding group size was not supported. The 
motivation training components in each session focused on 
selecting a strategy to use to improve fluency performance, 
and no instruction or example on how to use this strategy 
was provided. It would be worth replicating to compare 
DM-G and DM-I while providing direct reading instruction 
and modeling specific reading strategies. In this instance, 
peer modeling may play a more active role (Chard et al., 
2002) from the cooperative learning opportunity. In conclu-
sion, the findings from the present study indicate that DM-G 
and DM-I students had similar improvements in ORF per-
formance. Implementing the program in a small group may 
be more feasible for teachers given current instructional 
demands. Small groups are more cost effective, as more stu-
dents receive the instruction using fewer resources. We rec-
ommend the program be used in either delivery format 
based on teachers’ and students’ needs.

Moderating Effects

Potential moderators of the Data Mountain program’s 
effect were also examined. End wpm score was signifi-
cantly moderated by grade level, pre-test performance, and 
EL status, but these differences were also observed at pre-
test, such that students in second and third grade, with 
lower pretest performance, or had EL status performed 
lower than their reference group. The comparable variable 
of interest is the rate of growth and results indicated sig-
nificant differences were not observed across moderating 
variables except for one grade-level comparison. For all 
grade-level comparisons, slope differences ranged from 
0.11 (fifth vs. third) to 0.75 (second vs. fourth) words each 
session. Only significant differences were found between 
second and fourth grade students’ (p = .04) growth rates; it 
is possible this is an effect of the sample.

Included students represent a sample from a population 
of our most vulnerable learners, and results indicated pro-
gram effects on growth rate were not statistically different. 
Research has shown that self-determination skills can be 
taught to students across grade levels with a wide range of 
disabilities (Algozzine et al., 2001; Didion et al., 2021; 
Konrad et al., 2007; Reid, 1996; Shogren et al., 2004; 
Webber et al., 1993; Wood et al., 2005), and results from 

this analysis indicated growth rates were positive for all 
subgroups from this sample of students with or at risk for 
RD. Published findings demonstrate large discrepancies in 
reading performance between ELs and their monolingual 
peers (Morgan et al., 2008) and ELs who struggle with read-
ing are documented as having the lowest fluency growth 
trajectory when compared with students with LD and gen-
eral education peers (Solari et al., 2014). However, in the 
current study, ELs’ growth rate did not differ significantly 
from non-ELs with or at risk for RD. Self-determination has 
been studied less for populations of ELs than non-ELs, but 
research indicates no differences in self-reported self-deter-
mination levels between groups (LeClair et al., 2009). More 
research is needed to understand if differences in self-deter-
mination are present for bilingual students, but results from 
this study suggest Data Mountain may impact growth rate 
similarly for ELs and non-ELs with or at risk for RD. These 
findings should be taken with caution; EL status is not as 
strong of a moderator compared with a pretest measure of 
language proficiency. States and districts vary in how ELs 
are identified and results may not be generalizable to this 
population as a whole.

Study Limitations

While these findings are promising, various limitations 
should be discussed. First, we intended to deliver the pro-
gram three times each week to all conditions. About halfway 
through the project, due to high absenteeism, all students 
across conditions began receiving 4 to 5 sessions per week. 
Based on the methods in the pilot and replication (Didion 
et al., 2020), dosage per week is not believed to have an effect 
other than students improved in a shorter amount of time. It 
cannot be ruled out that students’ opportunities to review 
their performance data impacted their overall outcomes. 
Also, power did not allow two-way interactions for group 
membership on pretest performance and EL status. Future 
studies should use a larger sample to determine whether peer 
models in DM-G conditions had differential effects on stu-
dents with lower word-reading fluency performance or EL 
status. In addition, no data were collected after the interven-
tion ended and it is unknown whether effects were main-
tained. Subsequent studies should assess maintenance. 
Finally, we did not collect information from classroom teach-
ers related to the reading strategies they were directly teach-
ing participating students. This information would be helpful 
to promote the transfer of knowledge from reading instruc-
tion to the Data Mountain sessions. It would also provide rel-
evant information to more confidently generalize findings.

Implications for Practice and Future Research

There are several implications for teachers and practitio-
ners. Data should be used to inform individualized instruc-
tion for students with persistent reading difficulties (Vaughn 
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& Wanzek, 2014). There is evidence from the current study 
that if teachers share performance data with struggling 
learners, it can have a significant impact on reading fluency 
performance if students are receiving instruction related to 
reading fluency strategies. ORF wpm is the most common 
type of data collected for reading in elementary schools 
nationwide (Stecker et al., 2008). If teachers used the Data 
Mountain program alongside their current ORF reading 
instruction, the implication on growth rate could be impact-
ful. While the Data Mountain program could be imple-
mented alongside progress monitoring, it is not recommended 
that teachers use the program when progress monitoring 
scores will be used for placement decisions (e.g., response to 
intervention, screening).

There are modifications to be considered for future 
research of Data Mountain. First, language could be modi-
fied to not only teach students terms related to data literacy 
(e.g., trend, variability) but also vocabulary related to graph 
features. For example, the script should be revised to teach 
“increase” rather than “up” and “decrease” rather than 
“down” when describing data. In this way, the program 
would provide generalization opportunities related to graph 
knowledge vocabulary outside of mathematics instruction. 
Second, in the present study, significant gains were observed 
with little instructional time. It would be interesting to 
investigate the impact of Data Mountain with additional 
sessions (e.g., 30 sessions). Psychological processes require 
time to elicit change because the means through which they 
work is related to experiences with success and failure 
(Yeager & Walton, 2011). Third, in the present study, self-
determination skills were taught absent of reading strategy 
instruction during intervention sessions. Little instructional 
time is spent teaching strategies to decode and comprehend 
text (Swanson & Vaughn, 2010), and there is opportunity 
within the program to provide this much needed instruction. 
Future research could control for the reading strategies 
taught by providing reading instruction alongside program 
implementation. One avenue would be to train teachers to 
use the program within their fluency instruction and collect 
data on the strategy discussion. In addition, research is 
needed to understand the program’s impact on reading out-
comes when used alongside evidence-based practices for 
reading fluency (e.g., repeated reading).

Conclusion

Findings from this randomized controlled trial testing the 
effects of Data Mountain are favorable. There are potential 
applications of Data Mountain methods to numerous exist-
ing academic and behavior progress-monitoring practices. 
Elementary teachers and special educators can use the 
program with their existing ORF strategy instruction. We 
recommend use alongside current progress-monitoring 

routines, such as Tier 2 or 3 instruction, special education, 
and intensive intervention. Future research is needed to 
understand the extent to which Data Mountain can be effec-
tive for students with or at risk for RD.
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