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From the Editor
This issue of the Journal of Montessori Research includes two powerful articles that address important issues in the field: 
reading achievement and cognitive development. Also in this issue is a review of six practitioner studies which reflect 
these professionals’ efforts to address very real challenges they face in their classrooms and schools. 

In the first article, Katie E. Brown, Leslie Woodford, and Kelly Powell share the results from their study of reading 
achievement in public Montessori schools in Arizona. The study was a collaborative effort to comply with legislation 
in the state requiring use of evidence-based reading curricula in public schools. In the study, the authors compare 
standardized state reading test scores of public Montessori students with those of students in traditional public schools 
across the state. They found Montessori students do at least as well as if not better than the comparison group, with 
students who have more Montessori experience showing even stronger outcomes. 

The second article is a critical literature review by Laura K. Foster, examining the impact of classroom design 
on attention, regulation, and learning in early childhood education. In examining how intentionally prepared 
environments support cognitive development, Foster draws on neuroeducational concepts in combination with 
Montessori pedagogy to outline implications for educational policy, teacher preparation, and future empirical studies.

This issue concludes with the most recent installment of the JMR annual feature, “Rediscovering the Child,” which 
is a review of practitioner research submitted to graduate teacher preparation programs. This year the review looks at 
six studies that address practitioners designing interventions to enhance life skills such as focus and engagement, to 
improve academic skills in reading and math, and to increase teacher retention. 

I wish all of our readers a safe and happy Thanksgiving, and hope this issue provides some important insights for your 
own professional development and research.

Sincerely,
 

Angela K. Murray, PhD
Editor, Journal of Montessori Research
Chair, AERA Montessori Education SIG

November 2025

Ongoing American Montessori Society (AMS) financial support for the Journal of Montessori Research makes open access possible 
without requiring authors to pay article processing charges.



ii Journal of Montessori Research   Fall 2021   Vol 7   Iss 2



1Reading Achievement in Arizona

Reading Achievement in Arizona 
Public Montessori Schools

Katie E. Brown, National Center for Montessori in the Public Sector
Leslie Woodford, Khalsa Montessori School
Kelly Powell, Arizona Charter Schools Association

Keywords: reading, Montessori, literacy, reading achievement, science of reading

Abstract: In recent years, many state legislatures in the United States have implemented legislation and regulations 
requiring public schools to use evidence-based reading curricula. This study of reading achievement in public 
Montessori schools in Arizona was conducted to comply with one such piece of legislation. It compares public 
Montessori students’ standardized state reading test scores to those of traditional public school students statewide. 
Through descriptive statistics and t-tests on aggregate measures, as well as simple regression, we demonstrate 
that students receiving Montessori reading instruction perform as well as or better than the comparison group in 
absolute terms. The longer students remain in the Montessori setting, the better they perform. This is also true for 
special education students, whose reading test scores after three or more years in a public Montessori program were 
indistinguishable from the general population. These results suggest Montessori instruction works as well or better 
than other reading curricula in use throughout the state to produce favorable results on Arizona’s reading assessment, 
with noteworthy outcomes for students receiving special education services.

As of August 2024, 39 states in the United States 
have passed “science of reading” legislation: laws 
requiring schools to use evidence-based programs 
for reading instruction (Schwartz, 2024). Specific 
requirements of these laws vary by state. In Arizona, 
the policy allows schools to select any “evidence-based” 
reading curriculum for kindergarten through eighth 
grade (Arizona Department of Education, 2020). The 
U.S. Department of Education (USDE, n.d.) cites the 
definition of “evidence-based practices” as “activities, 

strategies, and interventions [that] are derived from 
or informed by objective evidence—most commonly, 
education research or metrics of school, teachers, 
and student performance.” Because the Montessori 
Method de-emphasizes formal assessment (Lillard, 
2017), such as end-of-year standardized tests, there is 
a philosophical mismatch between the push toward 
evidence-based instruction and this particular pedagogy. 
Thus, administrators of public schools utilizing 
Montessori instruction have found themselves needing 
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to justify their pedagogical methods, using assessments 
that may not align with this constructivist approach to 
teaching and learning (National Center for Montessori 
in the Public Sector, 2019).

Montessori education is a popular school choice 
option, with 26 public schools offering Montessori 
programs in Arizona (National Center for Montessori 
in the Public Sector, n.d.). Although scholars argue 
that the Montessori Method aligns with the precepts of 
the science of reading (Zoll et al., 2023), the Arizona 
Department of Education did not initially list Montessori 
instruction as an evidence-based reading curriculum. In 
order to meet the requirements of the reading legislation, 
an empirical study was needed of literacy outcomes 
produced by schools using the Montessori approach. 

This study examines evidence as to Montessori 
methods’ effectiveness in teaching students to read, 
and whether the results meet or exceed other reading 
instruction methods. The authors compare the empirical 
reading and language arts achievement of Arizona public 
Montessori schools with statewide averages to assess 
evidence supporting Montessori education as an effective 
approach to reading instruction. Given the widespread 
passage of science of reading policies (Schwartz, 2024) 
and the nationwide reach of the public Montessori 
movement (National Center for Montessori in the Public 
Sector, n.d.), the significance of this study extends beyond 
the borders of Arizona.

Overview of Montessori Approach to 
Reading

The Montessori approach has been employed 
worldwide for more than a century; however, since it 
has historically been implemented in small independent 
schools, there is less research about its effectiveness 
compared to other methods of instruction. Recent 
decades have seen significant growth in the public 
Montessori movement; at the time of this writing, 
almost 600 public schools in the United States utilize the 
Montessori Method (National Center for Montessori in 
the Public Sector, n.d.). As more students gain access to 
Montessori programs, the body of research surrounding 
Montessori education also grows. 

There is reason to believe the Montessori approach 
to reading instruction should yield positive outcomes 
for children. Zoll et al. (2023) leverage Scarborough’s 
(2001) Reading Rope framework to demonstrate how 
Montessori curricula for Early Childhood and Lower 
Elementary years align with best practices described as 
the science of reading. Scarborough imagines reading as 
the intertwining of multiple strands of knowledge and 
skills divided into two categories: language comprehension, 
including all background knowledge to understand 
the written word, and word recognition, which implies 
all of the skills needed to decode written language. 
Scarborough’s Reading Rope has become synonymous 

Figure 1
Rhyming Sound Objects. Photo by the authors.
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with the science of reading. The Montessori approach 
is a systematic, explicit, and multisensory approach that 
relies on concrete manipulative materials to represent 
abstract concepts. In their book Powerful Literacy in 
the Montessori Classroom: Aligning Reading Research 
and Practice, Zoll et al. (2023) document a strand-by-
strand comparison, tying the threads of the Reading 
Rope concept to Montessori teaching materials and 
practices. They find the Montessori approach aligns 
closely with Scarborough’s Rope to include phonemic 
awareness, decoding and encoding, vocabulary (inclusive 
of academic language), grammar and syntax, reading 
fluency and oral reading, and reading comprehension. 
This theoretical alignment suggests the Montessori 
approach includes the components of evidence-based 
reading instruction. The following examples show how 
Montessori materials support development of both 
language comprehension and word recognition. 

Word Recognition
In the category of word recognition, Early 

Childhood students—children ages 3 and 4—use a 
variety of manipulative materials to learn sound and 
letter recognition skills. For example, in the I Spy game, 
Montessori teachers call out a sentence like, “I spy with 
my little eye something that starts with ‘p’.” The teacher 
applies the phoneme—the sound of the letter P—rather 

than calling out the letter. The children then look around 
the room to find objects that start with that sound: paper, 
pencil, pushpin, and so on. As students’ skills of sound 
recognition improve, they engage in similar activities 
using miniature objects. For example, the objects pictured 
in Figure 1 show bat/hat, mouse/house, and bee/tree. 
The objects are stored in the small basket pictured, and 
children match the rhyming object pairs.

Auditory games precede work with graphemes: 
written letters. Once children are able to identify sounds 
of words, they can begin learning the letters. Sandpaper 
letters are the first sets of Montessori materials students 
use for this, as the shapes of the letters stamped in 
sandpaper are mounted to small boards. Teachers 
systematically teach the sounds and shapes of letters by 
modeling the sound while tracing the shapes with their 
fingertips on the sandpaper letter boards as shown in 
Figure 2. Children practice repeating the sounds while 
tracing the shapes with their fingertips. Next, the teacher 
models replicating the letter shapes in a tray of sand 
and then students practice forming letters in the sand 
tray. After students have learned the shapes and sounds 
of the letters, they match small objects to the letters 
(see Figure 3). At first, they match objects by the initial 
sounds, and with practice they learn to sort objects by 
medial and final sounds as well (Brown et. al, 2024).

Figure 2
Sandpaper Letters with a Sand Tray. Photo by the authors.
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periods, apostrophes, commas, quotations, alphabetizing, 
and dictionary guide words. Teachers use an introductory 
lesson—similar to the prior example with the tractor and 
trailer—that includes a story to teach each new concept.

Cultural Subjects
Children build background knowledge through 

age-appropriate lessons in Cultural Subjects: geography, 
history, botany, and zoology. For example, in the Lower 
Elementary classroom, students study the Timeline 
of Life (as shown in Figure 6), which introduces the 
history of the earth and its life-forms. The Timeline is 
a 9-foot poster-style visual that is rolled out onto the 
floor and includes moveable objects and images children 
can position in their correct locations along the printed 
timeline. Children are enthralled with the complex names 
of the various dinosaurs, other life-forms, and historic 
periods detailed in this material. The class spends many 
weeks studying, reading, and writing about the history of 
Earth.

The key in Montessori instruction is isolating the 
appropriate concept, and then using manipulative 
materials that allow students to learn and practice the 

Language Comprehension
To facilitate language comprehension, elementary 

students learn morphology—the study of parts of words 
including prefixes, suffixes, and root words—through 
systematic word study. Students are introduced to the 
concepts of prefixes and suffixes, by using objects and 
small cards. For example, in an introductory lesson, the 
teacher explains that the root of a word is represented 
by a tractor, as shown in Figure 4. The root “drives” the 
meaning of the word, and the suffix is like the trailer. 
Students might start with the root “farm” and the suffix 
“-er.” Many Montessori classrooms use sets of movable 
Word Study cards informally called “The Montessori 
Skyscraper.” A sample suffix assignment from this material 
is displayed in Figure 5. To complete the assignment, 
the student matches roots and suffixes from a mixed-up 
set of cards. The manipulative nature of the materials 
isolates the concept being taught. This helps students for 
whom handwriting might slow down the learning process 
(Brown et al., 2024).

The Montessori Skyscraper is comprised of more 
than 5,000 cards to teach the concepts of synonyms, 
antonyms, homonyms, compound words, capitals, 

Figure 3
Sandpaper Letters with Sorted Objects. Photo by the authors.
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Figure 4
Introducing the Concept of Root and Suffix. Photo by the authors.

Figure 5
Systematic Practice of Roots and Suffixes. Photo by the 
authors.

skills. Materials are selected for beauty and touchability, 
to draw children in and fulfill their natural curiosity. 
Those noted here are only a few examples of many 
materials used in Montessori classrooms. They 
demonstrate how Montessori education addresses the 
two main components required for skilled reading: 
language comprehension and word recognition. This 
instruction begins early with preschool-age children 
playing simple games that isolate letters and sounds, and 
culminates in third grade as children engage in in-depth 
reading assignments that involve students researching and 
writing about the history of Earth. 

Literature Review

A review of the literature on reading outcomes for 
Montessori students suggests that, generally, Montessori 
students fare as well as or better in reading than their 
peers in other school settings. This literature includes 
large-scale studies of reading achievement for Montessori 
elementary and middle school students. In one of the 
most persuasive examples, Snyder et al. (2022) collected 
aggregated test score data from 195 Montessori schools 
in 10 states and compared each school with scores in its 
surrounding district. Overall, Montessori students were 
more likely to be proficient on state reading tests, and 
opportunity gaps were significantly smaller in Montessori 
schools. In a study somewhat comparable to the current 
one, Culclasure et al. (2018) studied outcomes for 
students in public Montessori schools throughout 
South Carolina and found Montessori students more 
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likely to perform at high levels on state English language 
arts (ELA) tests. Further, children from low-income 
backgrounds enrolled in public Montessori schools in 
South Carolina outperformed their peers in reading and 
showed more improvements than did demographically 
similar non-Montessori students. A recent meta-analysis 
(Randolph et al., 2023) found that Montessori education 
has a small but significant positive effect on literacy. 
Given that the Montessori approach de-emphasizes 
formal assessment such as standardized testing, the strong 
performance of Montessori students on these measures is 
particularly striking.

These large-scale studies document the benefits 
of Montessori education as viewed with a broad lens; 
additional investigation teases out specific benefits of 
Montessori instruction. Research suggests that early 
investment in Montessori instruction pays dividends 
for students later on, with Montessori students pulling 
ahead of their conventional school counterparts on 
tests of reading achievement after grade four (Mallet & 
Schroeder, 2015). Similarly, evidence shows exposure 
to Montessori education in early childhood may lead 
to stronger reading skills in elementary school, even for 
students who do not continue in a Montessori setting 
after preschool (Ansari & Winsler, 2020). This indicates 
Montessori instruction may provide a solid foundation in 
pre-literacy skills even before formal reading instruction 
begins and that these benefits may persist even after 
students exit a Montessori program.

Montessori instruction lays a strong foundation in 
the early years. Additionally, it benefits students from 
historically disadvantaged populations, including children 
of color and low-income students. Given the prevalence 
of inequitable academic outcomes in the United States, 
it is worth noting that racially minoritized students 

(Brown & Lewis, 2017; Debs & Brown, 2017; Fleming & 
Culclasure, 2023) and students from low-income families 
(Culclasure et al., 2018; Fleming & Culclasure, 2023) 
have demonstrated success after exposure to Montessori 
reading instruction. Lillard et al. (2017) found that 
children with low socioeconomic status most benefitted 
from Montessori education, and that by kindergarten, the 
typical socioeconomic opportunity gap had disappeared 
in Montessori classrooms. 

Taken together, these studies suggest Montessori 
education can be an effective approach to reading 
instruction for a diverse population of children. However, 
none of these studies was accepted by the Arizona 
Department of Education as meeting requirements of the 
Arizona science of reading law. Specifically, the law called 
for studies that a) met the criteria to be considered Tier 1, 
Tier 2, or Tier 3 under the federal Every Student Succeeds 
Act, and b) demonstrate effectiveness in kindergarten 
through third grade (Arizona Department of Education, 
2023). This study is designed to meet these requirements. 

Though this research was conducted to meet a 
specific need in Arizona, it has application in other states 
as well. With the growing number of public Montessori 
schools in the United States, and the legislative push 
to adopt evidence-based curricula, many schools must 
defend the effectiveness of the Montessori approach in 
order to apply it. The challenge is confounded because 
the Method is not well understood outside of Montessori 
circles; thus, many such schools land in a position of 
having to either justify effectiveness of the Method or 
be forced to adopt teaching methods that do not align 
with Montessori principles. Research around Montessori 
implementation indicates a variety of child outcomes, 
including those related to executive function and early 
literacy skills, are better when the Montessori Method 

Figure 6
Timeline of Life. Image courtesy of Alison’s Montessori and used with permission.
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is implemented with fidelity and not compromised by 
supplemental curricula (Lillard, 2012; Lillard & Heise, 
2016). This study adds to the body of research that 
documents effectiveness of the model, thus allowing 
public schools to practice Montessori instruction with 
high fidelity.

Research Questions
T﻿his study was designed to address the following two 

research questions:
•	 How do Arizona public Montessori students 
perform on state English language arts (ELA) 
assessments after one, two, or three-or-more years 
of reading instruction compared to the general 
population of public students?
•	 How does the reading achievement of Arizona 
public Montessori students compare to state 
averages, controlling for student years of Montessori 
experience and demographics?

Methods

Research Design
A comprehensive set of student-level enrollment 

and demographic data, as well as state test data (Arizona 
Measurement of Educational Readiness to Inform 
Teaching [AzMERIT]) results for school year (SY) 
2016–2019 for kindergarten through eighth grade, were 
provided by the Arizona Department of Education 
through a restricted-use data-sharing agreement and 
analyzed for this project. Prior to sharing, Arizona 
Department of Education staff cleaned the data. Though 
all enrollment, program, attendance, and test data 
were provided at the student level, student identifying 
information (such as names and ID numbers) was 
redacted. Specific data included enrollment and 
year-end code information, full academic year (FAY) 
enrollment information, student group information 
(race and ethnicity as well as program participation), 
school identifier, and test data for ELA and 
mathematics. For this study, data analysis is limited 
to ELA only. To determine the impact of Montessori 
instruction on students, state data records present the 
opportunity to do a quasi-experiment using Arizona’s 
FAY indicator—which measures the number of years 
the student has remained at the school—as a measure of 
dosage for both the Montessori curriculum group and 
statewide comparison group. 

Sample
The Montessori group was comprised of 4,781 

students with state test results from 26 public 
Montessori schools in Arizona in 2019. Programs that 
comprise the Montessori group were identified by 
school mission statement and school name. Every effort 
was made to identify for the study group all schools that 
utilized Montessori methods, materials, and practices. 
All non-Montessori public elementary students in 
Arizona served as the comparison group for this 
study. Because the study was originally conducted as a 
program review to provide to the Arizona Department 
of Education, the whole universe of data was included 
rather than a sampling technique.

Measure
In Arizona, the universal outcome measure is 

the state test—AzMERIT. All Arizona public school 
students in grades three through eight took grade-level 
AzMERIT assessments in 2019 for English language 
arts (ELA) and mathematics. The tests are largely 
administered online, though a manual version of the 
test is available, and scores reflect student reading and 
writing performance. Although Arizona has changed 
the test name several times in the past decade, the 
state maintains utility of an item1 pool that aligns with 
Common Core State Standards in mathematics and 
ELA. Arizona State Standards are based on Common 
Core with minor modifications. Only items that align 
with Arizona State Standards were used for the 2019 
assessment (American Institutes for Research, 2020). 

The key measures for this study are AzMERIT 
ELA scale scores and performance levels, as well as a 
state-created attendance stability measure: FAY, which 
represents the number of continuous full-academic 
years students remain enrolled in a school. For example, 
a FAY code of 0 indicates that the student has been at 
the school less than one school year (i.e. they entered 
the school in the middle of the school year). FAY 1 
shows a student has been enrolled at the school for one 
full school year at the time of testing, FAY 2 indicates 
two years at the school, and FAY 3+ indicates a student 
has attended the school for three years or more. This 
data field is useful when considering the impact of a 
curriculum and an approach on outcome measures, since 
FAY is a basic quantification of Montessori dosage. The 

1 “Item” is test makers’ word for “problem” or “question.” 
Questions on the state assessment are “items.”
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FAY field provides a quick measure of each student’s 
history in a school setting and approximates “treatment” 
levels in a quasi-experimental sense. Though student 
participation in Montessori education is not randomly 
assigned, as in a true experiment, the FAY indicator 
gives us a measure as to what degree a student has been 
in the Montessori setting. This FAY measure helps 
compensate for the fact that this study lacks a measure 
of baseline equivalence. FAY is determined uniformly by 
the Arizona Department of Education, and is available 
to all schools in the state for review and correction 
through the course of school accountability modeling. 
FAY status for the Montessori and comparison groups is 
shown in Figure 7.

We measured the results of the AzMERIT for 
grades three through eight; however, because Arizona 
does not use a standardized statewide test in first 
or second grade, it is challenging to measure the 
effectiveness of early literacy programs. By reviewing 
FAY data, we were able to measure outcomes of 
literacy education in the three years preceding the state 
assessment, using a quasi-experimental design. The 
third-grade assessment results for students with three or 
more academic years of Montessori instruction reflect 
the outcome of Montessori reading instruction in the 
preceding years and provide some evidence as to its 
effectiveness.

Analysis
Through descriptive statistics and t-tests on 

aggregate measures, as well as simple regression, we 
demonstrate that Montessori curriculum and methods 
perform as well as or better than the comparison group 
in absolute terms, and student performance increases 
on state measures the longer students remain in the 
Montessori setting.

Results rely on standardized scale scores to ensure 
comparability across grade levels have tests of varying 
difficulty levels. Standardized scores, or z-scores, 
also allow for quick interpretation and comparison 
across groups and grades. For instance, a z-score of 
0.0 indicates a group is at the state average for that 
grade level. Z-scores represent the number of standard 
deviations (SD) from the state average. Thus, a score 
of 0.68 indicates the group is 0.68 SD above the state 
average. A score of −0.13 is 0.13 SD below the state 
average for that grade. 

Though multiple years of data were available, the 
majority of analyses was focused on data from the 2019 
school year. This decision was driven by pragmatism 
with the availability of a three-year FAY measure, which 
allowed us to group students based on the number of 
years in Montessori or comparison group settings. We 
opted to use pre-COVID-19 data, because the pandemic 
interrupted regular educational instruction in most 
schools across the state. The restricted-use, student-

Figure 7
Proportion of Students Full Academic Year (FAY) Status for the Montessori Group and All Others in the 2019 School Year
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be recorded in other settings (Goldenberg & Rutherford-
Quach, 2012). 

Though the Montessori schools are demographically 
similar to the populations of surrounding local education 
agencies, there are some differences between the 
Montessori group and Arizona as a whole. Still, the 
Montessori group is far from being homogeneous 
as it represents students from all racial and ethnic 
backgrounds. In terms of special programs—English 
language development for multilingual learners and 
special education for students with disabilities—
Montessori schools had fewer English learners but a 
comparable percentage of special education students. 

Table 2 shows mean standardized ELA scores for 
students in the Montessori group and all schools in the 
comparison group. Due to the decline in student numbers 
in the middle grades in the Montessori group, grades six 
through eight were combined in the table below. The 
attrition occurs in schools of choice as students approach 
terminal grade levels and migrate to other schools to 
prepare for transition to middle or high school. Arizona 
had no public Montessori high schools in 2019.  

State test scores were standardized within content 
area and grade level, so the mean standardized score 
(i.e., z-score) for an Arizona grade level is 0.0 with a 
standard deviation (SD) of 1.0. Based on the scores, it 
is apparent that Montessori schools on average across 
tested grades scored 0.46 SD higher than the comparison 
group. Montessori instruction in reading and writing 
as measured by Arizona’s state test, AzMERIT, was 
associated with significantly higher scores than state 
averages and showed moderate effect sizes in all grade 
groupings. 

level data were aggregated and compared to historical 
school-level data from the National Center for Education 
Statistics (2025) to ensure accuracy of the records the 
state agency provided. 

Results
Results for the AzMERIT ELA test are presented 

and discussed in the following paragraphs. Some basic 
demographics of the Montessori group, as well as Arizona 
as a whole, are provided in Table 1 for comparison 
purposes for the grade levels studied. Note that virtually 
all students in the Montessori group are enrolled in 
Montessori school by choice (even in the district 
schools). “Schools of choice” do not have attendance 
boundaries, and parents typically enroll and transport 
students to these schools because it is their choice. 
Sociopolitical factors in Arizona led to an artificially low 
reporting level of English language learners than would 

Table 1
Special Program Group Percentages in Study (SY 2019)

Montessori Arizona
Asian   2%    3%
Black   2%   5%
Hispanic 31% 47%
Multiple races 11%   6%
Native American <2%   4%
Native Hawaiian <2% <2%
White 55% 36%

English language development 2% 6%
Free or reduced lunch program 17% 44%
Special education 12% 13%

Table 2
SY 2019 ELA Student Counts and Test Results by Grade Level Grouping (in Standardized Form) 

Montessori Comparison (Arizona Statewide) Significance Testing

Grade Level N Score SD N Score SD t p

3 605 0.48 1.03 80,662 0.00 1.00 11.46 <0.001

4 534 0.40 0.94 84,529 0.00 1.00 9.83 <0.001

5 519 0.46 0.91 88,000 0.00 1.00 12.29 <0.001

6–8 985 0.49 0.95 259,425 0.01 1.00 18.12 <0.001

Total 2,643 0.46 0.96 512,616 0.01 1.00 26.52 <0.001
Note. Probability (p) is considered statistically significant at or less than 0.05.
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Also worth noting, the state average standardized 
score was not 0.0 since some students left Arizona schools 
between the date of testing and the end of the school 
year. Therefore, a slightly higher state average of 0.01 
was apparent for the 512,616 students comprising the 
comparison group.

Full Academic Year 
FAY is central to the Arizona accountability formu-

la for determining school quality. FAY is used widely in 
Arizona and elsewhere to ensure that the students who 
“count” in accountability measures participated meaning-
fully in a school setting for the state test results to serve 
as an indicator. Compared to statewide FAY numbers as 
shown in Figure 7, the Montessori group is more stable 
with 71% of students identified as FAY3+, whereas only 
46% of the comparison group were FAY3+. This pattern 
is typical with schools of choice. Parents select a school, 
usually in the early primary grades, and commit to the 
school until the student ages out of a terminal grade level.

Averaged across grade levels, students present for 
the full academic year fared better on standardized 
state test scores than did their non-FAY counterparts 
for both the Montessori group and comparison group. 
Students receiving one or more full years of Montessori 
instruction and methods outperformed their comparison 
group peers. Indeed, the comparison group performed 
on average roughly equivalent to non-FAY Montessori 
students (−0.01).

New Montessori students are similar to the 
comparison group. In contrast to the comparison 
group, with a mean score of 0.0 and SD of 1.0, the 2019 
Montessori scores show significant differences for all 
levels of FAY, except FAY 0. Comparing the non-FAY 
Montessori group to the larger Arizona statewide 
context, no significant difference (p = 0.92) was found. 
Considering these students are new to Montessori 
schools but have transferred from the general Arizona 
public school population, this result is not surprising 
but meaningful. Indeed, given the significant impact of 
Montessori curricula on FAY students (p < 0.0001), 
this demonstrates an interesting pattern: Students enter 
Montessori schools statistically indistinguishable from 
the Arizona average, but score significantly higher after 
they attend a Montessori school for at least one full 
academic year. This difference is shown in Table 3.

In comparing these two groups’ standardized ELA 
scores by FAY and grade level, researchers ascertained 
that students achieve at higher levels the longer they 
remain in the Montessori setting. All grade groupings 
(grades three, four, five, and six through eight) achieved 
higher standardized scores in the FAY 3+ group as 
compared with all other levels of FAY in all years, as 
presented in Table 4. 

Though still well below the levels of the Montessori 
group, FAY 3+ students in the comparison group also 
had higher scores as compared to those with lower FAY 
levels. Also apparent from the scores is that though one 

Table 3
Impact of Attendance History in Arizona Montessori Schools on 2019 Standardized Test Scores

Attendance History
Montessori Group Significance Testing

N Score SD t p
Not FAY 115 −0.01 1.04 0.10 0.92
FAY 2,528 0.49 0.95 25.93 < 0.0001

Total 2,643 0.46 0.96 24.63 < 0.0001

Table 4
FAY Level and Aggregate Performance of Montessori Students

Montessori Group Significance Testing

FAY Level N Score SD t Lower 
Bound

Upper 
Bound p

0 115 −0.01 1.04 0.10 −0.20 0.18 0.92
1 342 0.24 0.98 4.53 0.14 0.34 <0.0001
2 295 0.24 1.01 4.08 0.12 0.36 <0.0001
3+ 1,891 0.57 0.92 26.94 0.53 0.61 <0.0001
Total 2,643 0.46 0.96 24.63 0.42 0.50 <0.0001
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or two full academic years in the Montessori setting 
significantly impacts student performance, with good 
effect sizes of 0.24, students who remain in a Montessori 
setting for three or more years benefit most (0.57). This 
pattern is evident in Figure 8.

The gap between the Montessori group and others 
is sizable and consistent. Though the metric of standard 
deviation units may not naturally conjure the magnitude 
of difference Montessori schools make, the results of 
other groups (such as special education students, as 

detailed in the following section) help provide additional 
context and interpretation to these analyses.

Special Populations
Montessori methods show promise for special 

populations, such as special education students, as 
detailed in Table 5. Special education (SPED) students 
are a diverse group, and student-level disability category 
details were not available in the restricted-use datasets. 
But from the 2019 data, the Montessori group had a 
proportionate and sizable SPED count—369 students, or 
14% of tested students, compared to 12% in the statewide 
test data. The Montessori group saw an overall gap of 
0.81 (−0.23 to 0.58) standard deviations between the 
SPED and other group, compared to a statewide gap of 
1.05 (−0.91 to 0.14; see Table 5). Considering the FAY 
information, the gap between SPED and others in the 
Montessori sample seem to attenuate when “FAY 1 or 
less” students (a gap of 0.87) are compared to the FAY 
3+ group (0.78). But the comparison group saw the gap 
grow from 1.01 in the “FAY 1 or less” to 1.09 standardized 
score units in the FAY 3+ group.

Based on Figure 9, stability in setting seems to serve 
special education students well; however, the impact is 
more dramatic in the Montessori group. 

Since the FAY indicator truncates student history 
in the educational setting to only three years, it would 
be worth investigating whether or not the Montessori 
setting’s impact measurably increases in years four, five, 
six and beyond, particularly considering the non-SPED 
data (see Table 6) with a similar dramatic increase in the 
FAY 3+ category. With no apparent drop-off in special 

Figure 8
School Year 2019 Standardized Test Results for All Students 
by Full Academic Year (FAY) Status, Comparing the 
Montessori Group with the Statewide Comparison Group

Table 5
Standardized Performance of Special Education and Non-Special Education Students in Montessori and Comparison Groups 
by Full Academic Year

Non-Special Education Special Education Total

Score Count Score Count Score Count

Montessori 0.58 2,260 −0.23 369 0.47 2,629

FAY 1 or less 0.29 388 −0.58 55 0.18 443

FAY 2 0.38 254 −0.62 41 0.24 295

FAY 3 or more 0.68 1,618 −0.10 273 0.57 1,891

Non-Montessori 0.14 444,776 −0.91 59,625 0.01 504,401

FAY 1 or less 0.02 149,834 −0.99 19,938 −0.13 169,772

FAY 2 0.14 85,910 −0.95 11,973 0.01 97,883

FAY 3 or more 0.25 209,032 −0.84 27,714 0.12 236,746

Total 0.14 447,311 −0.91 60,523 0.01 507,834
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education enrollment in the middle grades (the numbers 
are slightly higher in terms of student enrollees) the 
impact on performance at the FAY 3+ level is not likely 
due to students leaving Montessori schools. 

It is noteworthy that there is no statistically significant 
difference between special education students with three 
or more years exposure to Montessori methods and 
curriculum as compared to the general Arizona population 
with all levels of FAY (−0.10 compared to 0.00).

Similar to the benefits special education students 
appear to receive by remaining in the Montessori 
setting, all students (the majority of whom do not have 
disabilities) experience their most dramatic results in the 
FAY 3+ category. This group was 71% of the Montessori 
sample in SY 2019, compared to 46% in the larger 

Arizona comparison group. Montessori programming 
retained students at a higher rate, and Montessori 
students performed better than non-Montessori students 
on the state ELA exam. 

Regression Analysis
An ordinary least squares regression was conducted 

to evaluate the extent to which student subgroup status—
FAY, English learner, special education, free/reduced-
price lunch, race (dichotomously coded as White/non-
White), and Hispanic group indicator (Hispanic/not 
Hispanic)—could predict ELA standardized test scores, 
with standardized test scores as the dependent variable 
and the following independent variables: FAY, English 
learner status, special education status, free/reduced-
price lunch status, race indicator, and Hispanic group 
indicator. Though the amount of variance explained was 
quite modest (R2 = 0.268, or about 27%), all variables in 
the model proved to be significant, and overall, the model 
was significant (F = 31,451 and p < 0.001). See Table 7 
for the relative impact and significance of each variable 
in the model. The model was run for all 2019 test and 
student data (n = 516,152). 

From the model, predicted scores that take into 
account demographic and student program differences 

Figure 9
School Year 2019 Standardized Test Results for Special 
Education Students by Full Academic Year Status, 
Comparing the Montessori Group with the Statewide 
Comparison Group

Table 6
Special Education Student Performance in Arizona 
Montessori Schools on 2019 Statewide ELA Test, Grades 
Three through Eight

Montessori Significance 
Testing

FAY Category N Score SD t p
1 or less 55 −0.58 0.94 4.58 < 0.0001  
2 years 41 −0.62 1.07 3.71 0.0006
3 or more 273 −0.10 0.98 1.69 0.0929
Total 369 −0.23 1.01 4.37 < 0.0001

Table 7
Regression Model Coefficient Summary

95% CI
Variable B SE LL UL p 

Special education −0.998 0.004 −1.0058 −0.9902 <.001
English learner −0.836 0.005 −0.8458 −0.8262 <.001
Free/reduced lunch −0.320 0.003 −0.3259 −0.3141 <.001
FAY 0.127 0.001 0.1250 0.1290 <.001
White 0.302 0.004 0.2942 0.3098 <.001
Hispanic −0.085 0.003 −0.0909 −0.0791 <.001
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were used to create a database of student-level predicted 
scores. For instance, the impact of FAY on scores for both 
the Montessori group and Arizona-wide comparison 
group was apparent. Predicted scores controlled for 
the advantage Montessori students may have with 
disproportionately higher numbers of FAY 3+ students. 
Predicted scores were subtracted from the standardized 
observed scores used throughout the descriptive data 
sections. The resulting measure estimates the difference 
between predicted scores and actual scores achieved 
by tested students in the 2019 school year, statistically 
accounting for any relative advantages students may 
have had because of their background. This suggests 
Montessori methods and instruction may have a positive 
effect on student language arts test scores independent of 
student background and experience.

Discussion

This study was designed to assess evidence of 
Montessori methods effectively teaching students to read 
and whether the results meet or exceed other reading 
instruction methods in use in Arizona. At the outset, we 
asked the following questions: How do Arizona public 
Montessori students perform on state English language 
arts (ELA) assessments after one, two, or three-or-more 
years of reading instruction compared to the general 
population of public students? Do Arizona public 
Montessori students perform as well or better than state 
averages, controlling for student years of Montessori 
experience and demographics?

Data from Arizona’s state ELA tests indicate students 
in Montessori programs are well prepared to face the 
rigors of these assessments. Full academic year (FAY) 
data indicate families who chose a Montessori program 
for their student stayed with the program at higher rates 
than the general Arizona population and were rewarded 
with increasingly higher state test scores on the ELA 
exam. With regard to our first research question, we find 
increased dosage of Montessori education is associated 
with improved performance on ELA assessments, as 
compared with the general population of students. 
Although large sample sizes can lead to statistically 
significant results that are not actually meaningful in 
the real world, the differences in outcomes between 
Montessori and non-Montessori groups are substantial 
and not impacted by an overpowered sample.

With regard to our second research question, we 
find that across all grade levels and groups examined 

and explored for this paper, Montessori schools and 
the curricula and methods they employ with students 
outperform their statewide counterparts. Students 
who had not completed a full year of the Montessori 
curriculum in 2019 were statistically no different than 
the general population in Arizona. Enrollment stability 
appears to be associated with better ELA performance, 
and this relationship is more pronounced for students in 
Montessori settings. Students who remain in the same 
school for longer periods perform better, but students 
who remain in the same Montessori school for longer 
perform even better.

These results hold true even for the most 
academically challenged students—those with 
disabilities. Students receiving special education services 
in Montessori schools scored significantly higher than 
their peers in other settings across Arizona—a difference 
of nearly one standard deviation. It is plausible that the 
individualized and student-centered nature of Montessori 
instruction may be especially beneficial for these students. 

As science of reading laws spread throughout 
the United States, reading instruction is becoming 
increasingly regulated by legislators rather than 
educators. These study results suggest Montessori 
reading instruction meets the criteria to be considered 
evidence-based under current Arizona legislation, and 
Montessori schools may not need to layer supplemental 
reading curricula on top of the Montessori approach. The 
Montessori approach to reading instruction may even be 
a source of promising practices. 

Although formal assessment does not play a large 
role in Montessori pedagogy, public Montessori schools 
are subject to the same accountability requirements as 
any other public school. For Montessori programs in 
public schools to succeed and grow, more high-quality 
scholarship is needed to understand the outcomes these 
programs can produce for students—including for which 
students and under what specific circumstances. Because 
legislative and regulatory requirements constantly 
change, public Montessori practitioners and scholars of 
Montessori instruction must be flexible and adaptable.

Limitations

Several factors should inform interpretation and 
application of this work. Any standardized assessment 
provides only a snapshot of English language arts 
proficiency. AzMERIT may not fully capture all aspects 
of children’s literacy development. This study utilized 
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data collected prior to the COVID-19 pandemic. The 
impacts of the pandemic on distance learning may mean 
replications of this work could yield different results. 
Although this quasi-experimental design leverages the 
FAY metric, this study did not include any measure 
of baseline equivalency between the Montessori and 
comparison groups. The Montessori and comparison 
groups may have differed in material ways not captured 
by our regression analysis. We attempted to statistically 
account for demographic differences between the 
Montessori and comparison groups, but these controls 
are often imperfect. Specifically, many public Montessori 
charter schools did not participate in the federally funded 
National School Lunch Program in 2019. As a result, the 
poverty level of these schools appears as zero, which may 
not accurately reflect the socioeconomic status of the 
student population. No attempt was made to document 
or account for the wide range of approaches to reading 
instruction in the comparison group, and we included no 
measure of Montessori fidelity for schools in this group.

Implications and Conclusion

Overall, the effect size magnitude of Montessori 
methods and curricula on standardized state test 
scores shows promise for other schools considering 
implementing Montessori instruction. The evidence 
suggests there may be significant positive impact from 
the Montessori approach on students learning to read 
and write proficiently, according to standards of Arizona’s 
ELA test. Even for students with a single full academic 
year in a Montessori program, significant results were 
apparent with good effect sizes. 

From the regression analysis, we learned Montessori 
methods and curricula were associated with positive 
student outcomes independent of student demographics 
and poverty, program differences, and years enrolled in 
a school (FAY), by comparing predicted student scores 
with actual observed scores from the 2019 school year. 

The descriptive statistics, t-tests, and regression 
modeling indicate Montessori reading and English 
language arts instruction is an effective option for schools 
to teach students to read. After reviewing the data 
reported here, the state of Arizona has added Montessori 
as a vetted reading curriculum for Arizona schools.

Given the limitations of this study, future research 
could build on its findings by conducting a prospective 
study that includes baseline data on early literacy skill 
development across Montessori and non-Montessori 

students. It would also be fruitful to investigate how 
public Montessori schools teach reading, how program 
fidelity varies, and how this variability relates to student 
literacy outcomes. This work would add to the body of 
knowledge pertaining to Montessori education, reading 
achievement, and the science of reading.  
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Early Childhood Classroom Design: 
Integrating Montessori Principles 
with Neuroeducational Research

Laura K. Foster, Johns Hopkins University

Keywords: allostatic load, attention, biophilic design, classroom design, content retention, early childhood education, embodied 
cognition, encoding, Montessori, neuroeducation, regulation

Abstract: This critical literature review examines how classroom design influences attention, regulation, and learning 
in early childhood education (ECE). Combining Montessori pedagogy with Bronfenbrenner’s theories as a conceptual 
framework, this review considers biopsychosocial impacts of physical classroom spaces. Experimental classroom 
research indicates the crucial first step of learning—encoding—may be disrupted in early classrooms cluttered with 
excessive visual stimuli that overwhelm children’s attention. Drawing on neuroeducational concepts such as embodied 
cognition and allostatic load, this review highlights how intentionally prepared environments support attentional 
allocation, regulation, and encoding for content retention by emphasizing cognition’s body-based and environmentally 
responsive nature. These findings challenge older models that view attention and regulation as fixed, child-based traits 
rather than capacities influenced through interaction with the environment. Additionally, decades of design research 
demonstrate exposure to nature in intentionally created spaces can reduce stress and improve cognitive functioning; 
yet this potential to enhance attention and learning in classrooms remains underexplored. By viewing classrooms 
dually as physical and cognitive spaces, this synthesis underscores the role of intentional design in promoting 
attentional allocation, regulation, and learning. These insights bridge the gap between Montessori practice and 
research, and offer a compelling rationale for optimizing ECE environments through a neurodevelopmental lens, 
with implications for educational policy, teacher preparation, and future empirical studies.
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Although traditional measures of school readiness 
focus on literacy, numeracy, and physical development 
(Ghandour et al., 2024), educators often identify 
students’ difficulties with self-regulation and attention 
as primary obstacles to children’s readiness for school 
(Blair & Diamond, 2008; Eristi & Avci, 2021; Rimm-
Kaufman et al., 2000). Attention-deficit/hyperactivity 
disorder (ADHD) has become one of the most common 
diagnosed conditions in young children (Danielson et al., 
2024; Centers for Disease Control and Prevention, 2023; 
Mahone & Schneider, 2012). Research shows attention-
related issues, such as distractibility and difficulty 
sustaining focus, are significant barriers to academic 
success in early childhood education (ECE), which 
encompasses birth through age 8 (Curby et al., 2018; 
Degol & Bachman, 2023). 

Additionally, a growing body of cross-disciplinary 
research suggests physical classroom design plays a 
critical role in influencing children’s attention and 
cognition. Studies show factors such as lighting, 
sound, color, visual displays, movement, and biophilic 
(nature-centered) elements can significantly impact 
attentional focus, well-being, and learning (Barrett et 
al., 2013; Brooks, 2010; Gaekwad et al., 2022; Godwin 
et al., 2022; Jeannin & Barthelemy, 2020; Kilbourne 
et al., 2017; Llorens-Gámez et al., 2021). Moreover, 
neurodivergent students experience additional sensitivity 
to overwhelming sensory input, demonstrating increasing 
externalized aggressive behavior (Baird et al., 2023), 
restricted participation (Cheryan et al., 2014), and greater 
distractibility and visual processing difficulties in autistic 
children and those with attentional differences (Hanley 
et al., 2017; Mallory & Keehn, 2021; Martin & Wilkins, 
2021, Zazzi & Faragher, 2018). 

Problem of Practice 

Cumulatively, this body of research underscores the 
complexity of challenges early learning educators face, 
revealing a multidisciplinary and multifaceted problem 
of practice. Although the benefits of investing in ECE 
are well documented, empirical evidence indicates 
many early learning environments remain suboptimal 
for fostering effective learning. Specifically, visually 
dense settings, which are common in early childhood 
and elementary classrooms, deter children’s attentional 
focus, reduce time spent on task, and negatively influence 
learning outcomes.

Rationale and Identified Gap in Literature

Despite robust findings in the science of learning 
that highlight the effectiveness of strategies such as 
interleaving, retrieval practice, and spaced learning 
for enhancing retention and understanding (Brown et 
al., 2014), these methods presuppose students have 
already successfully encoded the material. Cognitive 
scientists have long characterized the learning process 
as one of encoding, storage, and retrieval (Craik & 
Lockhart,1972; McDermott & Roediger, 2018); however, 
the foundational process of initial encoding is often 
undermined in early learning environments due to 
excessive visual clutter (Fisher et al., 2014; Godwin et al., 
2022). Many classrooms, particularly those designed for 
young children, are saturated with prefabricated displays 
and dense visual stimuli (see Figure 1 ).

This proliferation of visual density may stem from 
a misapplication of Mayer’s (2005) cognitive theory 
of multimedia learning, which supports dual-channel 
processing of visual and auditory information. Yet, there 
is limited empirical support for the effectiveness of these 
visually dense environments as inclusion of visual displays 
do not guarantee a learning effect (Guo et al., 2020). 
Instead, a growing body of evidence suggests they interfere 
with attentional allocation, stress regulation, and encoding, 
thereby undermining development and learning (Browning 
& Determan, 2024; Degol & Bachman, 2023; Dixon & 
Salley, 2007; Fisher et al., 2014).

Figure 1
First-Grade Classroom at a Conventional Charter School

   
Note. Photo by Allison Shelley/Verbatim Agency for 
EDUimages (2017), licensed under CC BY-NC 2.0, https://
www.flickr.com/photos/all4ed/36456780086

https://www.flickr.com/photos/all4ed/36456780086?utm_source=chatgpt.com
https://www.flickr.com/photos/all4ed/36456780086?utm_source=chatgpt.com
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The gap in current literature is twofold. First, 
although there is growing recognition of the importance 
of principles of the learning sciences, research has yet 
to fully explore how environmental design of early 
childhood classrooms impacts the initial encoding stage 
critical to content retention. Teachers are expected to 
design classrooms that promote learning, regulation, and 
sustained attention. However, interviews with teachers 
reveal they often lack empirical guidance on how to 
effectively design classroom environments and displays, 
and this leads them to depend on intuition, tradition, 
and social media rather than evidence-based strategies 
(Almeda et al., 2014; Lopez, 2020; Milo-Shussman, 
2017).

Second, although adolescent students express 
preferences for calm, comfortable learning environments 
(Costa 2024; Students Speak, 2025), research rarely 
includes voices from children younger than 7 (de Leeuw 
et al., 2004). This lack of first-person accounts from 
young learners leaves a critical void in understanding how 
the physical classroom environment affects their cognitive 
and emotional engagement with learning.

To address this gap, this critical synthesis integrates 
insights from cognitive science, developmental 
psychology, architecture, and education to argue for a 
paradigm shift in early classroom design—one that is 
evidence-informed and child-centered. As Lillard (2023) 
suggests, reimagining the classroom through the lens of 
children’s cognitive development, rather than institutional 
traditions, may be transformative. 

Conceptual Framework

This review defines and examines how key factors—
embodied cognition, allostatic load, and attentional 
allocation—affect encoding and content retention in 
visually dense early childhood settings. These factors are 
situated in the conceptual framework presented in Figure 
2, which uses a novel approach to integrate two distinct 
theoretical perspectives . 

The first framework is Bronfenbrenner’s bioecological 
theory of child development (Bronfenbrenner & 
Ceci, 1994), which places the child at the center of 
multiple, nested systems of biopsychosocial influence. 
These systems include the microsystem representing 
the child’s immediate environments such as family, 
school, and peers; the mesosystem, which reflects the 
interconnections among these settings; the exosystem 
encompassing external and virtual (Navarro & Tudge, 
2023) contexts that indirectly affect the child; the 
macrosystem, which consists of cultural values, beliefs, 
and societal norms; and the chronosystem, which 
captures the influence of time and change. Together, 
these interconnected systems illustrate the multilayered, 
ongoing biopsychosocial interaction between child and 
contexts. 

The second framework is Montessori’s model of 
education (Montessori, 1912), which emphasizes the 
dynamic, triangular relationship between the child, the 
teacher, and the prepared environment (Cossentino & 
Brown, 2017). Within this model, the child is viewed 

Figure 2
Conceptual Framework of Early Learning Classroom Environments
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2000), neuroscience (Damasio & Damasio, 2006), 
and dis/ability advocacy (Price, 2015; Nusbaum & 
Lester, 2021; Walker, 2021). This term also aligns with 
biopsychosocial theory (Engel, 1977) and bioecological 
systems theory (Bronfenbrenner, 1994), all of which 
reinforce the view that cognition is a dynamic process 
influenced by physical and social environmental factors. 
In classroom contexts, this means sensory inputs, such 
as color, density, and noise, directly influence children’s 
regulation, attention, and learning capacity (Diamond, 
2013; Fay-Stambach et al., 2014; Gaekwad et al., 2022). 
Thus, if attention is understood through a biopsychosocial 
lens, it encompasses neurobiological mechanisms as 
well as the social and environmental contexts in which 
children develop. This dynamic process illustrates how 
biological systems such as the autonomic nervous system 
and hypothalamic-pituitary-adrenal axis interact with 
interpersonal relationships, social expectations, and 
educational environments, thereby shaping not only the 
child’s well-being but also their ability to attend, regulate, 
and engage in learning (Christensen et al., 2020; Lucente 
& Guidi, 2023).

Embedded cognition builds on this understanding by 
highlighting how the environment supports cognitive 
processing through affordances—objects like blocks, 
pencils, and digital tools—that enable children to 
externalize thinking through drawing, writing, and 
interactive media (Gallagher, 2023). Enactive cognition 
further emphasizes how physical expression, including 
gestures and body movements, supports meaning-making 
and communication (Schenck et al., 2022). In early 
childhood, intersubjectivity—children’s tendency to 
perceive and respond through interaction with others—
is a key enactive feature, exemplified in moments of 
physical attunement with caregivers (Gallagher, 2023). 
When classrooms become visually overstimulating, they 
may disrupt these foundational cognitive processes by 
overloading attention or suppressing natural sensory 
engagement.

This embodied perspective highlights how external 
stressors can lead to internal disruptions in both motor 
and emotional functioning (Gallagher, 2023; Immordino-
Yang & Gotlieb, 2017). Conditions such as stress, sleep 
deprivation, or limited physical movement can impair 
executive functions. “Executive function” refers to the 
emergent ability to exert control in pursuit of specific 
goals (Doebel, 2020). As a result of disrupted executive 
functions, children may exhibit behaviors that could 
be misinterpreted as learning or attention disorders 
(Diamond, 2013). Internal states, influenced by learning 

as an active learner who constructs knowledge through 
exploration and interaction with carefully tested 
prepared materials, which are designed to dually satisfy 
the child’s natural inclination for play and academic 
curiosity (Lillard, 2021). In concert, the teacher as 
a guide, with the prepared environment, provides 
structure, order, and freedom within limits, allowing 
children to engage in purposeful activities that support 
autonomy, concentration, and intrinsic motivation 
(Tebano Ahlquist, 2023). When considered alongside 
Bronfenbrenner’s bioecological theory, the Montessori 
framework offers a complementary perspective that 
highlights how environmental design, pedagogy, and 
developmental processes interact to shape children’s 
learning experiences and outcomes in ECE settings. 

Whereby many factors are acknowledged within 
this framework as part of a broader doctoral “scholarship 
of integration” (Boyer’s [1990] academic model), 
the current literature synthesis focuses specifically on 
the elements within the triangle, which represent the 
neuroeducational experience of young children. Thus, 
this review underscores the critical connection between 
physical features of learning environments and learning 
outcomes. Advances in understanding the concepts 
of embodied cognition, allostatic load, and attentional 
allocation provide a robust framework for identifying 
the foundational factors that drive effective learning. 
By strategically optimizing educational environments 
to align with these principles, it becomes possible to 
create conditions that actively enhance students’ content 
retention.

Embodied Cognition and Learning
Embodied cognition describes the inseparable 

connection between the environment, body, and brain 
(Kosmas et al., 2018). As Foglia and Wilson (2013) note, 
“there is no fracture between cognition, the agent’s body, 
and real-life contexts … the body intrinsically constrains, 
regulates, and shapes the nature of mental activity” 
(p. 319). Gallagher’s (2023) 4E model—embodied, 
embedded, extended, and enactive cognition—offers 
a powerful framework for understanding how young 
children learn through full-body engagement with their 
surroundings, particularly as they transition from home to 
school and begin forming identities as learners.

Central to this perspective is the concept of the 
“bodymind,” a term with philosophical roots in the 
work of Husserl, Sartre, and Merleau-Ponty (Agostini 
& Francesconi, 2020), and extended into fields such as 
neuropharmacology (Pert, 1999), therapy (Rothschild, 
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environment, play a critical role in influencing children’s 
well-being and cognitive engagement (Fugate & Wilson-
Mendenhall, 2022; Immordino-Yang, 2015).

Embodied learning, which applies these cognitive 
principles to educational settings, emphasizes the 
importance of sensorimotor experiences in memory 
and concept formation (Agostini & Francesconi, 2020; 
Shapiro & Stolz, 2019). In a review of literature, Fugate 
et al. (2018) found embodied learning strategies to be 
meaningful in a wide variety of educational domains, 
including writing, physics, and math. Additionally, 
Lozada & Carro (2016) found children who actively 
manipulate materials in Piagetian conservation tasks 
demonstrate a better understanding of quantity invariance 
than those who only observe. However, Western 
education systems often restrict such experiences, 
favoring conventional models of instruction that 
marginalize sensory exploration (Macedonia, 2019). As 
Macedonia explains, “children cannot be prevented from 
touching, dropping, smelling the objects and putting 
them in their mouths. Therefore, in the brain’s language, 
a word must be represented as a sensorimotor network 
that mirrors all experiences collected to the concept” 
(p. 3). When early learning environments are structured 
to suppress movement and sensory engagement, often 
under the pressure of “schoolification,” they undermine 
the natural learning processes of young children (Schunk 
et al., 2022; Shepard, 1997).

Additional research confirms sensory processing 
influences participation and engagement in learning 
activities (Sleeman & Brown, 2021), and that difficulties 
in sensory regulation, particularly among preterm 
preschoolers, are linked to deficits in executive function 
(Adams et al., 2015). Taken together, these findings 
reinforce the need to critically evaluate and redesign 
classroom environments. Visually dense, overstimulating 
settings not only fail to support the body-based nature of 
cognition but directly interfere with children’s ability to 
attend, engage, and learn effectively.

Allostatic Load and Attentional Allocation
The learning sciences have long explored conditions 

that best support learning (Sawyer, 2014). Yerkes and 
Dodson (1908) first described an inverted U-shaped 
relationship between arousal and performance, suggesting 
low and high levels of arousal both hinder learning. This 
principle has been repeatedly confirmed and applied to 
areas such as executive function (Blair & Ursache, 2011; 
Neuenschwander et al., 2014). A helpful framework 
for understanding children’s tolerance to sensory input 

is allostatic load, the cumulative burden of everyday 
stressors and significant life events (Lucente & Guidi, 
2023). Conkbayir (2021) describes this as it relates 
to young children as, “alteration of stress hormones 
in response to experience, with consequent effects on 
emotions, attention, and executive function” (p.129). 
Thus, when environmental demands exceed a child’s 
capacity to adapt, allostatic overload can occur, resulting 
in elevated cortisol, emotional dysregulation, attention 
difficulties, and memory impairment (Christensen et al., 
2020; D’Amico et al., 2020; Lucente & Guidi, 2023). 

The stress response is further intensified by systemic 
inequities; chronic exposure to poverty and racism 
increases cortisol levels in mothers as well as young 
children, with measurable negative effects on cognitive 
development and executive functioning (Blair et al., 
2011). These findings challenge older cognitive models 
that frame attention and self-regulation as purely top-
down skills to be trained (Diamond & Ling, 2019). In 
contrast, Tang et al. (2022) propose that nature exposure, 
flow states, and effortless engagement support cognitive 
outcomes through autonomic pathways.

For decades, architects and designers have studied 
how built environments influence human well-being. 
Foundational theories such as Ulrich’s (1983) stress 
reduction theory and Kaplan’s attention restoration 
theory (Kaplan & Kaplan, 1989; Kaplan, 1995) propose 
that exposure to nature can reduce stress and restore 
depleted attention. Building on these ideas, Albright 
(2015) suggests physical spaces meet bodily and 
psychological needs, highlighting a dynamic relationship 
between architecture and neuroscience. Empirical 
studies across various settings support these theories, 
confirming effects on cognitive, emotional, social, and 
behavioral well-being (Gaekwad et al., 2022; Gifford, 
2013; Moll et al., 2022) Consequently, biophilic design 
elements such as natural light, open spaces, neutral color 
palettes, indoor plants, natural materials, and access to 
outdoor environments are intentionally incorporated into 
hospitality, medical, and commercial spaces to improve 
health and well-being.

Despite such applications, biophilic design in schools 
remains underexplored, particularly through the lens 
of allostatic load, thereby highlighting a key area for 
future research (Albright, 2015; Browning & Determan, 
2024; Gaekwad et al., 2022). These insights reveal that 
classroom environments, if visually overwhelming or 
misaligned with children’s stress regulation needs, can 
contribute to allostatic overload, ultimately impairing 
attention, executive function, and learning, particularly 
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for children affected by systemic inequities.
To build on this, understanding how specific 

classroom sensory demands compete for children’s 
limited cognitive resources requires examining how 
attention is allocated, a process researchers have explored 
through eye-tracking and behavioral observation both in 
laboratory and real-world settings (Mahone & Schneider, 
2012; Posner & Rothbart, 2018; Caldani et al., 2020; 
Dixon & Salley, 2007; Henderson & Ferreira, 2004; 
Keller et al., 2020; Turoman et al., 2021). Turoman et al. 
(2021) found that attention is shaped by goals, sensory 
salience, meaning, and predictability, emphasizing the 
need for holistic models that consider multisensory 
and contextual factors. Given children’s still-developing 
attentional systems, external influences are especially 
significant (Posner & Rothbart, 2018).

Researchers Godwin and Fisher (2011; Fisher et al., 
2013, 2014; Godwin & Fisher, 2011; Godwin et al., 2018, 
2021, 2022) have collaboratively investigated for a decade 
the impact of visual density on learning. To operationalize 
attentional allocation in classrooms, their studies have 
manipulated the density of visual environments and 
tracked resulting eye movements, on-task behavior, and 
content retention. Each of their studies has demonstrated 
improved attentional allocation, on-task behavior, and 
stronger content retention in settings that are less dense. 
In their latest work, Godwin et al. (2022) contrasted 
laboratory classrooms with authentic classrooms to 
study habituation to density over time. They found only 
partial habituation to classroom visuals in a lab setting 
and no habituation in real classrooms. Despite consistent 
off-task behavior, attentional allocation varied, and real 
classrooms grew more visually dense as weeks passed. 
This finding aligns with the larger, paradoxical question 
raised by Fisher et al. (2014): Why are our youngest 
learners, with the least developed attentional control, 
placed in learning environments rich with potential 
sources of distraction?

Encoding for Content Retention
The persistent impact of visual density on attention 

and behavior also impacts initial encoding conditions, 
which directly affect content retention, a key metric 
increasingly prioritized in education policy and 
assessment (Willingham, 2015, 2021). In efforts to 
evaluate school effectiveness, economists and education 
researchers often focus on measurable outcomes, such 
as test performance (Brennan, 2023). Although there 
are various metrics to evaluate schooling, effectiveness 

is commonly operationalized in terms of content 
retention, typically measured through standardized tests 
(Hanushek, 2005; William, 2010). In 2024, the National 
Center for Education Statistics reported a decline of 
7 points in reading and 14 points in mathematics on 
assessments administered to 13-year-olds during the 
past decade (Irwin et al., 2024). As a result, significant 
national pressure remains on schools to boost test scores 
and demonstrate academic improvement.

Disparities in test scores are already evident at the 
point of school entry (Burchinal et al., 2020; Ghandour 
et al., 2024) and can have lasting effects on students’ 
educational trajectories and accumulated opportunities 
(Dearing et al., 2024). As a result, content retention 
has become a central focus in efforts to improve 
educational outcomes. The learning sciences have 
established that encoding and retaining content are 
possible only when children are fully able to attend to 
and process information (Craik et al., 1996; Posner & 
Rothbart, 2007). Brown et al. (2014) define encoding 
as “the process of converting sensory perceptions 
into meaningful representations in the brain” (p. 72). 
However, when the sensory environment is flooded with 
nonessential stimuli, encoding is impaired (Craik et al., 
1996). Maximalist classroom designs, which often create 
visually dense, sensory-overloading environments, hinder 
effective encoding (Dixon & Salley, 2007; Keller et al., 
2020; Rodrigues & Pandeirada, 2018).

This underscores the critical need for classroom 
environments that not only reduce visual and sensory 
overload but also promote the encoding process by 

Figure 3
Early Childhood Classroom Utilizing Biophilic and Montessori 
Design

Note. Photograph from Montessori Māja, used with permission
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centering children’s attentional focus. Maria Montessori’s 
purposefully constructed classroom environment—the 
prepared environment—exemplifies how intentional 
design can positively influence student outcomes. 
Montessori spaces are grounded in principles that 
prioritize concentration, support sustained engagement, 
and promote sensory clarity (Haines, 2017). Carefully 
prepared to reduce distraction, Montessori environments 
feature natural light, open space, neutral color palettes, 
natural materials, and minimal visual clutter. A growing 
body of research confirms that students in Montessori 
environments experience positive outcomes, including 
improved academic performance, emotional regulation, 
and focused attention (Denervaud et al., 2019; Randolph 
et al., 2023; Phillips-Silver & Daza, 2018). Additionally, 
biophilic elements commonly used in Montessori and 
similar pedagogies have been associated with lower stress 
levels and enhanced cognitive functioning (Browning 
& Determan, 2024; Cha, 2023; Dadvand et al., 2015; 
O’Connor & O’Connor, 2024; Vella-Brodrick & 
Gilowska, 2022; Yang et al., 2019). 

Discussion

The impact of classroom environments on attention, 
regulation, and learning is well documented but often 
overlooked in conventional preservice teacher training 
(Almeda et al., 2014; Godwin et al., 2018; Godwin 
& Fisher, 2011; Milo-Shussman, 2017). Teacher 
preparation programs frequently neglect the sensory 
and environmental aspects of classroom design, leaving 
educators ill-equipped to optimize learning spaces 
(Lopez, 2020). Consequently, teachers often default to 
familiar or trend-driven designs lacking a foundation in 
research-based practices (Almeda et al., 2014; Lopez, 
2020). Lopez emphasizes this issue, noting that “the 
majority of teachers relied on the current culture that 
promotes the same types of displays that have continued 
to pervade classrooms for generations” (p. 85). As a 
result, many classrooms become visually cluttered and 
overstimulating, which disrupts students’ abilities to 
focus, impairs regulation, and decreases learning by 
hindering encoding and content retention.

Montessori’s approach offers a compelling alternative 
by centering attention and regulation through intentional 
classroom design. Based on her scientific observations, 
Montessori (1946) emphasized the “awakening of 
mental concentration” as essential to learning, achievable 
through prepared environments and materials (p. 78). 

She found that children’s natural sense of order fosters 
responsibility and discipline when classrooms support 
independent engagement (Montessori, 1966, 1979). As 
the Montessori approach includes many layered aspects, 
such as specialized teacher training, a full complement of 
materials, uninterrupted work cycles, and other elements 
beyond the scope of this review, the research presented 
here supports this fundamental principle of physical 
classroom design. Importantly, this principle can be 
readily incorporated into more conventional classrooms 
through small-scale, practical adaptations (Debs et al., 
2024), demonstrating that intentional environmental 
features can enhance attention, regulation, and learning 
outcomes even outside full-fledged Montessori settings.

Ultimately, classroom design is not simply aesthetic; 
the learning environment is a critical pedagogical tool 
that influences children’s cognitive development. This 
approach moves beyond viewing attention and regulation 
as fixed traits or solely child-based challenges, instead 
framing these capacities as emergent through dynamic 
interaction with the learning environment. By grounding 
classroom environments in research and theory, educators 
and policymakers can transform everyday learning spaces 
into settings that foster attentional focus, regulation, and 
academic growth, making evidence-based improvements 
accessible even in traditional educational contexts.
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River Falls. Faculty selected from their programs six high-
quality papers, which are discussed here.

Previous articles in this series included CBAR and 
practitioner inquiry studies, and that is also the case this 
year. Practitioner inquiry is similar to CBAR as both are 
conducted by educators investigating issues related to 
their personal teaching practices. The key difference is 
that practitioner inquiry, unlike CBAR, does not take 
place in the classroom (Gerker, 2024). 

This review begins with studies that focus on life 
skills, by exploring the impact of outdoor play and 
engagement with nature on classroom engagement and 
focus. This topic is addressed separately by two different 
authors featured in this review: Speakmanova and 
Lederer. Work by Dinkler looks at the role of music in the 
development of prosocial behavior as a life skill. Next, 
papers addressing the academic subjects of reading and 
math are examined. The first of the academic-focused 
papers is by Allred and Johnson, who explore reading 
development for early childhood students who did not 
have 3-year-old Montessori experiences. In the second, 
Thompson investigates use of goal-setting strategies on 
math fluency for elementary students. This year’s review 
concludes with a practitioner inquiry paper by Sadrnafisi, 

Rediscovering the Child: 
Review of Montessori Educator 
Research Projects 2024–2025

Angela K. Murray, University of Kansas

This article is part of the Journal of Montessori 
Research’s annual series titled “Rediscovering the Child,” 
which is an effort to disseminate practitioner research 
and classroom-based action research (CBAR) that does 
not typically have a widely accessible forum. CBAR is 
powerful because it is conducted in real classrooms with 
real children by practitioners who wish to address their 
real-world problems. Several studies are highlighted 
each year to inspire other practitioners to formalize 
their classroom inquiries for sharing with the wider 
community. Practitioners in the field can reflect on their 
own practice by learning how other educators address 
challenges they face. 

Montessori (1909/1912) believed the teacher is 
an integral part of the scientific process, saying, “… if 
we make of the teacher an observer, familiar with the 
experimental methods, then we must make it possible for 
her to observe and to experiment in the school” (p. 28). 
In this spirit, Montessori teacher preparation programs 
often include requirements for CBAR or practitioner 
inquiry for trainees to receive credentials. The research 
featured here represents work from two such Montessori 
teacher preparation programs: St. Catherine University 
in Saint Paul, Minnesota, and University of Wisconsin–
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who develops a supportive teacher community to address 
the causes of teacher turnover. 

Life Skills

Three of the reviewed CBAR studies examined 
interventions in classrooms designed to enhance 
children’s life skills through increased engagement, focus, 
or prosocial behaviors.

Speakmanova, H. (2024). Outdoor play and 
classroom engagement [Master’s thesis, St. Catherine 
University]. https://cdm17519.contentdm.oclc.org/
digital/collection/maed/id/609/rec/1

Speakmanova investigated the impact of outdoor free 
play on classroom engagement within the 3- to 6-year-
old classroom. The intervention allowed children to 
play for about 30 minutes, two mornings each week, at 
a creek trail and small beach near the school. Classroom 
engagement was defined as interacting with peers, 
teachers, or objects in a developmentally appropriate 
manner; disruptive or destructive behaviors in the 
classroom were marked as unengaged. Over the course of 
six weeks, a slight increase in engagement was measured 
through classroom observation, tally sheets, and surveys. 
Additional findings from this CBAR study highlight the 
importance of movement, a balanced sensory input, and 
the role of the adult in early childhood development. In 
particular, interesting findings are related to the negative 
impact of overt adult direction and guidance.

Lederer, M. (2025). Time in nature and its 
impact on classroom focus [Master’s thesis, University 
of Wisconsin–River Falls]. http://digital.library.wisc.
edu/1793/95657 

Similar to Speakmanova in her CBAR study, Lederer 
examined the effects of spending time outdoors but with 
Upper Elementary students. This practitioner’s public 
Montessori charter school is located next to a large 
county park and woods, which provides a convenient 
and meaningful means to examine impact of outdoor 
time for 9- to12-year-olds. The study included six weeks 
of nature outings on Fridays, and the author collected 
data on productivity throughout those weeks. Data 
was also gathered about nature exposure at home. For 
measuring focus, the author used an instrument of the 
Montessori Assessment Playbook from the National Center 
for Montessori in the Public Sector (2019): “Observing 
Work Engagement–Elementary.” Results demonstrated 
students staying focused for longer periods of time on 

nature outing days and seemingly less drastic productivity 
slumps usually seen on the last day of the school week. 
The practitioner-researcher deemed the most interesting 
findings were the unanticipated effects beyond the impact 
on student focus. The surveys showed strong support for 
spending school time in nature, with parents and students 
both feeling children are happier, more focused, calmer, 
and healthier after spending time in nature. 

Dinkler, C. (2024). Joint music making in a 
Montessori classroom: Is there a correlation between 
joint music making and prosocial experiences? [Master’s 
thesis, University of Wisconsin–River Falls]. http://
digital.library.wisc.edu/1793/85537 

Rather than outdoor play, Dinkler explored the 
potential of music-making to enhance life skills by 
fostering prosocial experiences. The author used a single 
student CBAR case study design in a Montessori family 
home care facility. Specifically, the intervention integrated 
joint music-making experiences into the morning work 
time in a small, private 3- to 6-year old classroom. The 
intervention added 15 to 20 minutes of joint music-
making sessions each morning for two weeks, followed 
by one week without the intervention, alternating for 
three cycles over the course of more than nine weeks of 
the study. This single case study focused on the impact of 
the intervention on the prosocial behaviors of a 4-year-
old who had challenges in this area. Data was collected 
through observations from the teacher, as well as from 
parents immediately after picking up the child from 
school. Results found an increase in positive social and 
emotional behaviors throughout the nine-week study 
period. This study further highlights the Montessori 
guide’s ability to be flexible in following the child to adapt 
the classroom to meet their individual needs. 

Academics

Two CBAR studies reviewed in this article focus 
specifically on enhancing academic skills, including 
reading and math skills.

Thompson, S. (2024). Reading development in a 
Montessori pre-K and kindergarten classroom [Master’s 
thesis, University of Wisconsin–River Falls]. http://
digital.library.wisc.edu/1793/85540  

Thompson’s CBAR study was conducted in a public 
Montessori charter classroom with 4-year-olds and 
kindergarteners. Thompson developed a structured 
literacy program using (1) the Montessori Method’s 

https://nam10.safelinks.protection.outlook.com/?url=https%3A%2F%2Fcdm17519.contentdm.oclc.org%2Fdigital%2Fcollection%2Fmaed%2Fid%2F609%2Frec%2F1&data=05%7C02%7Cakmurray%40ku.edu%7C41c55c0698d84e764a7108de1d5175f5%7C3c176536afe643f5b96636feabbe3c1a%7C0%7C0%7C638980432902580097%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=nADC6AQh8V%2FUBAArHkc%2FmyISB7Po%2F0C%2F%2BTucxA8GFqM%3D&reserved=0
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Movable Alphabet with the Waseca Reading Program 
towers (Waseca Biomes, 2021); (2) words, phrases, and 
sentences from Primary Phonics books (Makar, 2008); 
and (3) specific literary sequences embedded in the 
Primary Phonics series. The teacher-researcher found 
that ongoing literacy games and culture in her classroom 
contributed to students’ overall growth and development. 
Other data, including parent surveys, indicate a structured 
approach to literacy is crucial. In particular, using the 
Movable Alphabet with image cards for spelling variations 
(encoding) prior to decoding from a book proved to be 
extremely effective. This study highlights some needs of a 
Montessori public setting where students who enter have 
missed the 3-year-old year of Children’s House, which lays 
the foundation for literacy.

Allred, K. & Johnson, K. (2025). The impact of 
Montessori strategies and goal setting on math fact 
fluency with elementary students [Master’s thesis, St. 
Catherine University]. https://cdm17519.contentdm.
oclc.org/digital/collection/maed/id/612/rec/2

Over the course of six weeks, Allred and Johnson’s 
CBAR study investigated the impact of an intervention 
incorporating Montessori lessons and goal-setting 
strategies on math fact fluency for 74 students in first 
through sixth grades. Students attended Montessori 
schools: a private school in Ohio and a public school 
in Georgia. Montessori lessons with didactic materials, 
along with goal setting, self-graphing of results, and 
student journals, resulted in increased positive feelings 
and dispositions, including motivation and confidence, 
toward math fact fluency. In addition, data from pre- and 
post-assessments of students’ recall of math facts and 
computation showed improved accuracy and speed. 

Practitioner Inquiry

The final graduate paper reviewed in this article is an 
example of practitioner inquiry because, although it was 
by a practitioner addressing challenges in her own setting, 
it was not conducted in her classroom. 

Sadrnafisi, M. (2024). Investigating the causes of 
teacher turnover and cultivating a supportive teacher 
community to address the issue [Master’s thesis, St. 
Catherine University]. https://cdm17519.contentdm.
oclc.org/digital/collection/maed/id/603/rec/1

Sadrnafisi sought to improve teacher retention by 
building a community of trust, communication, and 

collaboration in a practitioner inquiry study. Over the 
course of eight weeks, five teachers who worked with ages 
3 to 6 in a private Montessori school in Georgia engaged 
in one-on-one meetings every other week to connect 
with school leadership. This study also explored issues 
that initially motivated teachers to participate in the 
project, which brought to light teachers’ daily challenges, 
such as issues with communication among colleagues 
and difficulties in managing student behaviors. Results 
highlight that improving communication between 
teachers and leadership enhances teacher satisfaction and 
feelings of being valued and heard through a process of 
resolving conflicts with colleagues or receiving essential 
support for challenges in the classroom. 

Conclusion

The next installment in this “Rediscovering the 
Child” series is scheduled for fall 2026. For those who 
wish to explore other CBAR and practitioner inquiry 
papers, the American Montessori Society (AMS) 
Research Library (https://amshq.org/research-library/) 
has a repository available. AMS reports that Research 
Library updates are currently underway and commits 
to expanding the library. The organization   also plans 
to establish in the future a new process for practitioners 
to submit practitioner inquiry and CBAR papers for 
consideration. The Journal of Montessori Research 
welcomes submissions of well-designed and thoroughly 
documented CBAR and practitioner inquiry studies to be 
considered for publication as individual articles (https://
journals.ku.edu/jmr/about/submissions).

References

Makar, B. W. (2008). Primary phonics set 1. Educators 
Publishing Service.

Montessori, M. (1912). The Montessori Method: Scientific 
pedagogy as applied to child education in “The Children’s 
Houses” (2nd ed) (A. E. George, Trans.). Frederick A. 
Stokes Company. (Original work published 1909).

National Center for Montessori in the Public Sector. 
(2019). Montessori assessment playbook. National 
Center for Montessori in the Public Sector Press.

Waseca Biomes. (2021). Waseca reading program 
[Educational material]. https://wasecabiomes.org/
products/waseca-reading-program

https://nam10.safelinks.protection.outlook.com/?url=https%3A%2F%2Fcdm17519.contentdm.oclc.org%2Fdigital%2Fcollection%2Fmaed%2Fid%2F612%2Frec%2F2&data=05%7C02%7Cakmurray%40ku.edu%7C41c55c0698d84e764a7108de1d5175f5%7C3c176536afe643f5b96636feabbe3c1a%7C0%7C0%7C638980432902596536%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=bJyHr7kHwPlNqfVcXxDYwjVRmGANBhznO4lC4oefGrg%3D&reserved=0
https://nam10.safelinks.protection.outlook.com/?url=https%3A%2F%2Fcdm17519.contentdm.oclc.org%2Fdigital%2Fcollection%2Fmaed%2Fid%2F612%2Frec%2F2&data=05%7C02%7Cakmurray%40ku.edu%7C41c55c0698d84e764a7108de1d5175f5%7C3c176536afe643f5b96636feabbe3c1a%7C0%7C0%7C638980432902596536%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=bJyHr7kHwPlNqfVcXxDYwjVRmGANBhznO4lC4oefGrg%3D&reserved=0
https://nam10.safelinks.protection.outlook.com/?url=https%3A%2F%2Fcdm17519.contentdm.oclc.org%2Fdigital%2Fcollection%2Fmaed%2Fid%2F603%2Frec%2F1&data=05%7C02%7Cakmurray%40ku.edu%7C41c55c0698d84e764a7108de1d5175f5%7C3c176536afe643f5b96636feabbe3c1a%7C0%7C0%7C638980432902554088%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=h79QbbmofeYY1utJPQW9GxphwMqPe1znrmQGYpUhdpk%3D&reserved=0
https://nam10.safelinks.protection.outlook.com/?url=https%3A%2F%2Fcdm17519.contentdm.oclc.org%2Fdigital%2Fcollection%2Fmaed%2Fid%2F603%2Frec%2F1&data=05%7C02%7Cakmurray%40ku.edu%7C41c55c0698d84e764a7108de1d5175f5%7C3c176536afe643f5b96636feabbe3c1a%7C0%7C0%7C638980432902554088%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=h79QbbmofeYY1utJPQW9GxphwMqPe1znrmQGYpUhdpk%3D&reserved=0
https://amshq.org/research-library/
https://journals.ku.edu/jmr/about/submissions
https://journals.ku.edu/jmr/about/submissions
https://wasecabiomes.org/products/waseca-reading-program?utm_source=chatgpt.com
https://wasecabiomes.org/products/waseca-reading-program?utm_source=chatgpt.com

	0_JoMR 11.2_Frontmatter
	1_JoMR 11.2_Brown_et_al
	2_JoMR 11.2_Foster
	3_JoMR 11.2_Murray

