Education Tech Research Dev
https://doi.org/10.1007/511423-021-09937-y

CULTURAL AND REGIONAL PERSPECTIVES

Check for
updates

Differences in personalized learning practice and technology
use in high- and low-performing learner-centered schools
in the United States

Dabae Lee' - Yeol Huh? - Chun-Yi Lin® - Charles M. Reigeluth* - Eunbae Lee®

Accepted: 7 January 2021
© Association for Educational Communications and Technology 2021

Abstract

The Every Student Succeeds Act supports personalized learning (PL) to close achieve-
ment gaps of diverse K-12 learners in the United States. Implementing PL into a classroom
entails a paradigm change of the educational system. However, it is demanding to trans-
form traditional practice into a personalized one under the pressure of the annual stand-
ardized testing while it is unclear which PL approaches are more likely to result in better
academic outcomes than others. Using national survey data of ELA teachers in identified
learner-centered schools, this study compared high and low-performing learner-centered
schools (determined by their standardized test results) in terms of their use of five PL fea-
tures (personalized learning plan, competency-based student progress, criterion-referenced
assessment, project- or problem-based learning, and multi-year mentoring) and their use
of technology for the four functions of planning, learning, assessment, and recordkeep-
ing. Generally, teachers in high-performing schools implemented PL more thoroughly
and utilized technology for more functions than those in low-performing schools. Teach-
ers in high-performing schools more frequently considered career goals when creating
personal learning plans, shared the project outcomes with the community, and assessed
non-academic outcomes. They stayed longer with the same students and developed close
relationships with more students. Also, they more frequently used technology for sharing
resources and reported having a more powerful technology system than those in low-per-
forming schools. This study informs educators, administrators, and researchers of which
PL approaches and technology uses are more likely to result in better academic outcomes
measured by standardized assessments.
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Introduction

The International Association for K-12 Online Learning (iNACOL)' claimed that “K-12
education is at the beginning of what many hope will be a systemic transformation toward
personalized learning” (Patrick et al. 2016b, p. 1). The Every Student Succeeds Act (ESSA)
of 2015 promotes personalized learning (PL) as a way to close the achievement gaps (U.S.
Department of Education 2015). Adopting personalized learning takes a systemic trans-
formation of the entire school system (Patrick et al. 2016a; Reigeluth and Karnopp 2013).
The Race to the Top Program funded states and school districts to undergo systemic edu-
cational reform to develop a localized PL plan unique to their district (U.S. Department of
Education 2012a). The promotion of PL has been reinforced by the U.S. Department of
Education’s National Education Technology Plan (2010, 2017), emphasizing the roles of
technologies in creating an effective PL environment and providing guidance on how to
utilize technology for PL.

Despite the encouragement and support, transforming to a learner-centered, PL system
could be particularly challenging, given that the U.S. educational system had been under
heavy influence of the No Child Left Behind (NCBL) Act of 2001. Under NCLB, pub-
lic schools had to administer a standardized test to all students from Grade 3 and up. If
adequate yearly progress was not made, consequences followed, such as change in leader-
ship or school closure (U.S. Department of Education 2001). The high-stakes testing and
accountability placed much pressure on teachers and administers and changed the instruc-
tional culture of schools. Teachers who used learner-centered approaches had to abandon
their practices and shift to teaching to the test (Center on Education Policy 2007; Hursh
2007). Teachers experienced distress and dissatisfaction, not only in high-minority and
low-income schools but in all schools in the school district surveyed by Smith and Kovacs
(2011).

Although ESSA encourages educators to adopt PL as their instructional practice, they
are still under pressure of standardized testing because ESSA still requires annual test-
ing. Meanwhile, there is growing evidence that personalized, learner-centered approaches
such as project- or problem-based learning can significantly enhance learning outcomes.
For example, students at the NYC School of One that employed the personalized learner-
centered paradigm significantly outperformed their peers in traditional classes (Research
& Policy Support Group 2010). Also, in a large-scale comparative study, Han et al. (2014)
found that using carefully designed and implemented project-based learning was effective
in increasing low-achievers’ academic achievement in math, measured by the state stand-
ardized test.

Although there is growing evidence of effectiveness of certain PL approaches, there is
a paucity of systematic research on how different PL practices are associated with aca-
demic performance on standardized tests. This is essential especially for educators who
are to adopt PL, yet need to demonstrate satisfactory performance in the standardized tests.
When done alone, it is challenging to envision PL in a day-to-day practice and transform
their instructional practices (District Reform Support Network 2016; Gross et al. 2018).
More pressure is placed when test scores are involved. There could be doubt, concerns,
and a lack of information as to which PL practices promote improvements in academic
performance.
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To fill the void, this study identified learner-centered schools in the U.S., collected
standardized testing results of those schools, and compared PL practice and technology
use between high and low-performing schools using national survey data of teachers in
the learner-centered schools. This study aims to answer the following research question:
Which kinds of personalized learning practices and technology use are different between
academically high-performing and low-performing learner-centered schools? The findings
will inform educators and researchers of which particular PL practices and technology use
differentiate high-performing schools from low-performing schools.

Literature review

As a broad paradigm of education, the learner-centered paradigm focuses on individual
learners and helps them construct their own knowledge (Lambert and McCombs 1998;
McCombs 2013). PL is a fearture in the paradigm that has been spotlighted as a way to
customize learning for individual learners (McCombs 2008). Our literature review revealed
an increasing number of publications related to PL. In Li and Wong (2019)’s systemic
review of 179 studies from 2009 to 2018, there was a 120% increase in the number of stud-
ies from the 2009 to 2013 period to the 2014-2018 period. Our search of literature after
2019 revealed exponentially increased results. Our reviews showed that although the topics
were becoming more diversified than before, most of the articles were focused on teach-
ing guidelines and implementing emerging technologies such as learning analytics or aug-
mented reality for PL (e.g., Lin et al. 2013; Ma et al. 2016; Maseleno et al. 2018), rather
than on PL’s academic outcomes and its relation to standardized testing. Only a handful
of studies investigated PL practice in K-12 or its relationship with academic achievement,
especially at the national level: two in the U.K. (Sebba and Britain 2007; Underwood et al.
2007) and two in the U.S. (Gross et al. 2018; WestEd 2006), possibly due to the difficulty
of obtaining large-scale comprehensive national data related to academic achievement, par-
ticularly in personalized learning.

The U.K. Department for Education launched the Five Year Strategy for Children and
Learners for England in 2004 to promote PL practices from elementary through post-
secondary institutions (Department for Education and Skills 2004). Funded by the U.K.
Department for Education, two national studies were conducted: Sebba and Britain (2007)
and Underwood et al. (2007). These two studies used a large-scale national data set to
reveal comprehensive aspects of PL, including academic testing and achievement. It is
worthwhile reviewing closely how these rare studies were conducted to compare PL prac-
tices between the U.S. and the U.K.

First, Sebba and Britain (2007) investigated K-12 schools’ PL approaches based on
Miliband (2006) five components of PL. Miliband (2006) previously identified the five
components of PL (1) assessment for learning, (2) effective teaching and learning, (3) cur-
riculum entitlement and choice, (4) school organization, and (5) beyond the classroom—by
utilizing a survey method and case studies, which became the basis of Sebba and Britain
(2007) analysis.

Sebba and Britain (2007) examined how schools adopted PL initiated by the Five
Year Strategy for Children and Learners in a nationally representative sample of K-12
schools in the U.K. A stratified sample by school size and region was drawn. Of the total
of 2,838 schools, 347 provided valid responses, giving a response rate of 12.2 percent.
After the survey, 13 case studies were undertaken in schools with promising PL practice
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by collecting documentation, conducting interviews with managers, teachers, teaching
assistants, students, parents and governors, and observing lessons and activities.

Sebba and Britain (2007) found that many schools were using the following learner-
centered instructional approaches: collaborative learning (88%), inquiry-based learning
(69%), teaching to preferred learning styles (66%), encouragement of autonomy and
choices (64%), and classes grouped by ability (41%). Regarding assessment, more than
80% of the schools responded that they generally engaged in providing individual feed-
back (94%), individual setting of targets (92%), self and peer assessment (86%), and
academic tracking (81%). Also, 45% of schools utilized technology in assessing stu-
dents. In contrast, in their case studies, they found that assessment was not consistently
embedded in learning in most of the case-study schools.

Sebba and Britain (2007) further showed that across all types of schools, teachers
indicated that the following factors positively affect academic achievement: ongoing
assessment for learning, target setting for individual learning, tracking student progress,
and self and peer assessment. Primary teachers mentioned small-group, targeted, inter-
vention strategies such as catch up and booster programs. Teachers in a few secondary
schools mentioned vocational or alternative pathways and curriculum flexibility. Sebba
and Britain (2007) study was useful in identifying effective instructional and assessment
strategies for PL.

Another national study on PL conducted in the U.K, Impact 2007: Personalizing
Learning with Technology, was commissioned by the British Educational Communi-
cations and Technology Agency utilizing a survey and case studies (Underwood et al.,
2007). The purpose of the study was to gather information about perceptions of the pro-
gress in personalization of teachers and students as a result of the Five Year Strategy.

Underwood et al. (2007) used survey data from 67 schools. Those schools were
mostly evenly distributed in terms of school levels (primary and secondary), technol-
ogy maturity (high and low), and location (rural and urban). Multilevel modeling was
applied to examine relationships between PL practice and various other factors. Results
suggest that primary teachers were more encouraged and responded more positively
about practicing PL than secondary teachers. Mathematics teachers were more negative
about practicing PL than teachers in other subjects. Interestingly, students in academi-
cally better performing secondary schools tended not to perceive a strong personalizing
agenda in their schools.

The case studies by Underwood et al. (2007) entailed school visits, two classroom
observations, and interviews with participating teachers in a representative sample of 24
schools. Instructional activities observed included using project-based learning, computer-
supported collaborative learning, computer-based instruction, and learning beyond the
national curriculum. Assessment activities included online self-assessment, individual tar-
get setting, providing support to meet the target, and monitoring students’ own individual
performance.

In the U.S., WestEd (2006) conducted a national study using a case study method for
the U.S. Department of Education on the practice of exceptional charter high schools. This
study was not conducted to investigate PL practice in those schools per se, but some of the
common themes found in the schools were aligned with PL practices.

Based on recommendations from their advisory group and review of achievement data,
they identified 70 charter schools, which were narrowed down to 26 that demonstrated high
academic performance and increasing achievement with a high portion of low-income or
minority population of students. Finally, eight schools were selected based on demographic
variation, promising practices, geographic location, and achievement data.
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A one- or two-day site visit was made to each school. In each school, informal observa-
tions throughout the school and interviews were conducted with students, parents, teach-
ers, board members, administrators and school partners. Also, documents, including school
schedules, sample assessments, lesson plan forms, teacher planning protocols, newsletters,
application forms, brochures, charter plans, and report cards, were analyzed.

WestEd (2006) observed four prominent PL features across the schools: (1) providing
real-world experiences to students, (2) teaching for mastery, (3) developing self-regulation
and meta-cognitive skills, and (4) assessment-data-driven teaching. At the schools, students
were encouraged to broaden their experiences and learn beyond the classroom. Students
were engaged in various real-world experiences, including working as interns, traveling to
different cultures, organizing school events, and attending college courses, which provided
relevant and meaningful learning experiences.

Teaching for mastery entailed the expectation that students reach mastery to move on
to the next academic level. Remediation or acceleration was given to students depending
on their mastery levels. For example, at one school, ninth graders had four opportunities
to pass proficiency exams in reading, writing, and math, and when not meeting the profi-
ciency levels, they were retained and additional academic support was provided. Although
extensive tutoring and academic support were available, there was great awareness and
emphasis on becoming an independent, self-regulated learner, and teachers helped students
develop their study skills; thus developing self-regulation and metacognitive skills was the
third component.

Finally, assessment data-driven teaching provides the standards and guidelines for per-
sonalized teaching. Teaching to mastery requires ongoing assessment and data-driven
teaching. In the schools, lessons were revised continuously according to students’ needs
identified by assessments. For example, at one school, teachers used assessments to under-
stand student needs and incorporated the results into the instructional planning process and
decision-making process at the school level. For instance, when there were students with a
low level of achievement in math, two additional tutors were added to the math classroom.

Another U.S. study, funded by the Bill and Melinda Gates Foundation, provided a more
general picture of PL in K-12 education in the U.S. (Gross et al. 2018). It surveyed national
samples of students and teachers as well as teachers in the schools funded by the founda-
tion to transform to a PL system. A total of 908 teachers from 38 schools responded.

The study’s (Gross et al. 2018) results suggest that nearly 80% of elementary and mid-
dle school teachers indicated a low level of implementation of competency-based student
progress. However, 91% reported having one-on-one or small-group discussion with some
or all students. Only a third of students reported that they set their own learning goals at
least half the time. This is in line with only 19% to 29% of teachers reporting that most of
their students set their unique learning goals. Also, most teachers were reluctant to give
students control of their learning in terms of pacing, content, and learning activities. In
interviews, teachers mentioned pressure to meet learning standards as a major concern that
inhibited the transition.

Summary of literature review

Our literature review sheds light on some interesting yet contradictory findings about PL
practice. In the U.K, high-performing schools were reluctant to transition to a PL system
(Underwood et al. 2007). In the U.S., most teachers studied had not yet implemented com-
petency-based student progress or allowed students to take control of their own learning,
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Design Principles for Personalized Learning

Criterion- Project- or
referenced problem-based
assessment learning

A personalized  Competency-based
learning plan student progress

Multi-year
mentoring

Fig. 1 Design Principles of Personalized Learning. Adapted from Lee (2014)

because of the pressure of meeting academic standards, according to a national survey
(Gross et al. 2018). However, some teachers in the U.K. perceived some features related
to competency-based student progress to be positively related to academic achievement,
such as ongoing assessment for learning, target setting for individual learning, tracking stu-
dent progress, and self and peer assessment, according to the national study by Sebba and
Britain (2007). Also, case studies of successful charter schools reported PL practices as
key characteristics of outperforming schools including providing real-world experiences to
students, teaching for mastery, and developing self-regulation (WestEd 2006).

While a few national-level U.S and U.K. research studies have enlightened some aspects
of PL practices, there is still a dearth of research with regard to which PL practices and
technology uses can lead to high performance in academic testing. With the pressure to
achieve immediate results in external measures such as standardized tests (La Velle and
Flores 2018), educators, including teachers and administrators, need more systematic
research evidence that demonstrates the relationship between various features of PL prac-
tice and academic achievement in schools. To address the knowledge gap, this study aims
to draw evidence by comparing academically high-performing and low-performing learner-
centered schools in the U.S regarding their differences in PL practice and technology use.

Conceptual framework for PL practice

Lee (2014) suggested five essential features that serve as design principles for PL seen in
Fig. 1: (1) a personalized learning plan (PLP) that takes individual differences into account,
(2) competency-based student progress (CBSP) rather than time-based progress, (3) cri-
terion-referenced assessment (CRA) rather than norm-referenced assessment for ongoing
formative and summative assessment, (4) project- or problem-based learning (PBL), and
(5) multi-year mentoring (MYM) of students by a teacher or a mentor. We used this as our
conceptual framework for PL practice, as it includes elements for instruction, assessment,
and system structure for PL.

A PLP takes into account individual differences or needs such as career goals, char-
acteristics, interests, and academic mastery. Creating PLPs allow learning to be relevant,
interesting and appropriate to the learners, which can make learning effective and engaging
(American Psychological Association Presidential Task Force on Psychology in Education
1993; Bransford et al. 2000). The PL Framework by LEAP Innovations (2020) includes
learning towards personal learning goals based on a deep understanding of the learner’s
academic needs, interests, strengths and other characteristics.

CBSP refers to individual student progress based on one’s academic mastery, in con-
trast to the current practice of time-based student progress (Software & Information Indus-
try Association 2010; U.S. Department of Education, n.d.). This is a key element in the
educational reform movement for PL. (Miliband 2006; Software & Information Industry
Association 2010; U.S. Department of Education, n.d.), and several PL frameworks include
this component as an essential feature of PL (LEAP Innovations 2020; Miliband 2006;
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Software & Information Industry Association 2010; WestEd 2006). Carroll (1963) argued
that having all students spend the same amount of time would result in a high correlation
between students’ aptitude and achievement, accordingly failing students with low aptitude
levels. The U.S. Department of Education (2012b) has recognized the two-sigma problem
that Bloom (1984) identified, and has argued that CBSP can be implemented at affordable
costs on a large scale with the recent advances in technology (U.S. Department of Educa-
tion 2012b).

CRA evaluates students’ mastery of a certain skill or competency, whereas norm-ref-
erenced assessment reports a student’s performance in comparison to a group of similar
students (Thorndike and Thorndike-Christ 2010). Ongoing formative assessment has been
emphasized as a way to understand students’ learning needs and track students’ progress
towards learning goals (American Psychological Association Presidential Task Force on
Psychology in Education 1993; LEAP Innovations 2020; Miliband 2006; Sturgis and Pat-
rick 2010). CRA is more appropriate for the purposes of ongoing assessment than a norm-
referenced assessment as it helps identify learning needs and determine mastery of the cur-
rent topic (Sturgis and Patrick 2010).

PBL is a learner-centered instructional approach that engages learners in an authentic,
complex, ill-structured, and open-ended inquiry. PBL has been recommended as an effec-
tive way to customize instruction for individual learners (Software & Information Indus-
try Association 2010; U.S. Department of Education 2010), and several PL frameworks
include PBL or real-world, inquiry-driven experiences as an essential component (LEAP
Innovations 2020; Miliband 2006; Software & Information Industry Association 2010;
WestEd 2006). PBL can be implemented in various ways individually or in groups with
various student activities and assessment methods (Bell 2010; Duch et al. 2001; Gijbels
et al. 2005; Hmelo-Silver 2004; Jonassen 2000, 2004; Savery 2006; Sendag and Ferhan
Odabag1 2009; Wirkala and Kuhn 2011).

MYM refers to teachers mentoring the same student for more than one year. Major ben-
efits include (1) the teacher knows the students well enough to take their individual needs
into account as emphasized in the APA principles (American Psychological Association
Presidential Task Force on Psychology in Education 1993) and (2) the teacher can build
a closer relationship with their students (George et al. 1987) as deemed critical by LEAP
Innovations (2020).

Conceptual framework for a technology system

Reigeluth et al. (2015) proposed a conceptual framework for a technology system that
supports PL, entitled Personalized Integrated Educational System (PIES). The four major
functions of PIES are (1) recordkeeping, (2) planning, (3) instruction, and (4) assessment.

The recordkeeping function collects student data, including academic data such as
masteries of certain topics and nonacademic data such as interests, characteristics, back-
grounds, career goals and more to inform the development of PLPs. The planning func-
tion helps teachers develop a PLP based on student data collected by suggesting projects
or educational resources, appropriate timelines, and teammates to work with. The instruc-
tion function is where learning takes place based on the PLP. Teachers can share informa-
tion about projects and provide resources. Students can explore resources, create products,
use computer-based instruction, and share resources with other students. The assessment
function allows teachers to assess learning outcomes by testing different content, providing
feedback, and certifying attainments (Fig. 2).
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Recordkeeping Planning

Personalized Integrated
Educational System

Assessment Instruction

Fig.2 Technology System for Personalized Learning. Adapted from Reigeluth et al. (2015)

The four functions are seamlessly integrated to effectively and efficiently support PL.
Students’ data in the recordkeeping function feed into the planning function to prepare
a PLP for individual students. Based on the plans, the students engage in a project with
instructional support through an instructional overlay. In the instructional overlay, ongoing
formative assessment takes place and the mastery data are added into the recordkeeping
function. Thus, this study addresses which kinds of personalized learning practices and
technology use are different between academically high-performing and low-performing
learner-centered schools.

Methods
Research design

This study utilized a cross-sectional survey design and used survey responses from ELA
(English and Language Arts) teachers in learner-centered schools in the U.S. and existing
data on school performance measured by state standardized tests. After identifying learner-
centered schools (see sample selection below), a survey was sent to the teachers to ask
about their PL practice and technology use. Schools’ academic performance and profile
data were collected from the National Center of Education Statistics or each state’s Depart-
ment of Education.

In order to sample our data, we first identified learner-centered schools that had adopted
PL and categorized them based on their level of academic performance to compare their
PL practices and technology uses. To identify high-performing (high) and low-performing
(low) schools, schools’ adequate yearly progress (AYP) in reading was used. Between math
and reading of which AYP was available across different states, reading’s AYP was used
because the number of survey responses of reading was large enough to conduct the statis-
tical tests with sufficient statistical power.

Data collection

Sample selection

Learner-centered schools in the U.S. were identified through a literature and internet search
of the 50 states’ Department of Education websites, and a list of the schools that one of the

authors had gathered for two decades. Each school’s website was reviewed again to rate
how many criteria of the five essential PL features were met by each. A total of 308 schools
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that met at least three of the five criteria were included because schools with fewer than
three features would be hard to be considered as learner-centered schools, while setting the
minimum number of criteria at four or five would severely restrict variability in PL practice
within our sample. A total of 431 participants from 72 schools responded to the survey.
Among them, 102 teachers from 17 schools reported that they taught ELA.

Development of survey instruments for PL practice and technology use

Survey instruments were developed based on the five essential criteria and the PIES frame-
work. Validity of the survey was enhanced by: (1) determining constructs and operational
definitions through our literature review to support construct validity, (2) developing sur-
vey instruments for the constructs using terms from schools’ websites to ensure using ter-
minology commonly used in the schools, (4) conducting expert reviews with two experts
on the learner-centered paradigm to support construct and content validities, (5) testing
usability of interface and browser compatibility, and (6) conducting pilot tests of the survey
using a think-aloud protocol with four subjects who possessed K-12 teaching experience in
the U.S. and were familiar with learner-centered instruction to support construct validity
and minimize measurement errors. By conducting a literature review, expert reviews, and
think-aloud pilot tests, construct and content validities of the survey were improved and
measurement errors were reduced (Groves et al. 2013).

Five constructs of PL essential features were measured: (1) PLP, (2) CBSP, (3) CRA,
(4) PBL, and (5) MYM. Also, the four major functions of PIES were measured: Planning,
Learning, Assessment, and Recordkeeping. Survey respondents were asked to base their
answers on the academic year, 2011-2012. The constructs, operational definitions, survey
instruments, and objectives are presented in "Appendix" section.

School academic performance data and other school profiles

Adequate Yearly Progress (AYP) reported by each school was used as an indicator of
schools’ academic performance. The AYP data tell us how many students in each grade
level in the school met or exceeded the proficiency level in a certain subject area. For all
schools that responded, the AYP data for the academic year 2011-2012 and school profile
information were collected from the National Center of Education Statistics or correspond-
ing state department of education websites.

Data Analysis

Survey responses of high and low-performing learner-centered schools were compared. To
identify these two groups, all teacher responses were rank-ordered based on academic per-
formance in the subject area, and the top 20% and bottom 20% of teachers were identified.
The percentage was selected to ensure a large enough sample size for analysis and to make
a clear distinction between the high and low-performing groups.

Among 102 ELA teachers’ responses, AYP data of 82 were retrieved, and 16 teacher
responses were selected each for the high and low performing groups. The high performing
group (M =86.32, SD=6.79) and the low performing group (M=36.63, SD=2.68) were
significantly different in terms of school academic performance, p<0.0001 as a result of
an independent-samples t-test. The 16 teachers in the high performing group were from 9
schools and the 16 teachers in the low performing group were from 5 schools.
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Table 1 Statistical tests used

Statistical tests Type of variable Measurement Item #

Independent-samples t-test Ordinal Factors in PLP Q3.5
Implementation of PLP Q3.6
The extent of CBSP Q3.7
Frequency of using PBL Q3.15
PBL- individual/group Q3.16
PBL duration Q3.17
Instructional support during PBL Q3.21
Activities during PBL Q3.22
Duration of mentoring Q3.23
Number of technology functions Q3.14

Chi-square test Categorical Grade form Q3.8
Type of assessment Q3.9
Type of PBL Q3.19
Nature of inquiry of PBL Q3.20
Assessment of PBL Q3.22
Technology use Q3.10-13

The two groups were compared in terms of their school profile, the five features, and
technology use. School profiles included type of school (private, public, and charter),
location (urban, rural, town, and suburban), student population (ethnicity and students
who are eligible for free and reduced lunch (FRL)), number of students served, and stu-
dent—teacher ratio. These profiles were identified through state education agency websites
or the National Center for Education Statistic. Characteristics of student populations were
included because of their plausible relationships with student academic achievement (Cal-
das and Bankston 1997; Han et al. 2014; Melendez 2013; Steinberg et al. 1992; Thomas
and Collier 2002). These characteristics and survey responses were compared between the
two groups using two statistical tests. The responses from the 5-point Likert-type scale
were numerically coded from 1, no presence of the characteristic to 5, full presence.
Responses of the question asking for the percentages were used as they were. Independ-
ent-samples t-tests were performed to compare the two groups on constructs measured as
ordinal variables, such as responses from a Likert-type scale. Upon visual inspection of
the data, there was no evidence of violating the normality assumption. Levene’s test for
equality of variance was used to check the assumption of homogeneity of variance. When
the assumption was not met, statistics for equal variances not assumed were reported. Chi-
square tests were performed for categorical variables, including Yes/No responses. Table 1
summarizes the test used.

Results

School profile

Table 2 presents school type and locations of the schools in the high-performing and low-
performing groups. There were five public charter schools in the high performing group

and none in the low performing group. Regarding location, in the high group, there were
six schools in cities, whereas in the low group there was one.
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Table 2 School types and

locations of high and low

performing groups Public Public City  Rural  Suburb
Charter ~ Regular

Group School type Location Total

High 3 6 5 2

Low 0 5 0 2 3
Table 3 thal students, student-— Total students Students teacher FRL rate
teacher ratio, and FRL rate of ratio

high and low groups

High Low High Low High Low

Min 11 181 7 8 10% 38%
Max 763 2366 29 24 76% 93%
Median 189 418 13 16 35% 77%
Mean 314 883 15 16 42% 68%

FRL free and reduced lunch

Table 3 presents total students served, student—teacher ratios, and FRL rates of the
schools in the two groups. In terms of total students served, the school sizes of the high
performing group were nearly half of the school sizes of the low performing group. How-
ever, there was not much difference in terms of student—teacher ratio. FRL rates were gen-
erally higher in the low performing group.

Personalized learning plan

There was a significant difference between the two groups in terms of considering career
goals when creating PLPs. The high performing group considered career goals more fre-
quently than the low performing group; t(32)=3.09, p=0.004. The high performing group
often considered career goals (M>=3.78, SD®=1.22), whereas the low performing group
rarely or sometimes took career goals into account M =2.44, SD=1.31).

No significant differences were found in other factors at a=0.05. However, the high per-
forming group tended to consider more student interest (AM = 0.35)* and characteristics
(AM = 0.12) than academic standards (AM = —0.39) or student mastery (AM = —0.17)
compared to the low performing group. Also, the high performing group tended to more
frequently implement the PLPs than the low performing group (AM = 0.32). These differ-
ences were small and non-significant though.

2 M: Mean.
3 SD: Standard deviation.
4 AM: Difference in two means.
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Table 4 Comparison between

i Real-world  Authentic =~ Hypothetical PBL Total
high and low groups on nature of Never
PBL inquiry used
High 10 3 0 1 14
Low 5 5 1 1 12

Competency-based student progress & criterion-referenced assessment

No significant differences were found for CBSP and CRA. There was no significant differ-
ence on CBSP between the high performing group (M=4.21, SD=1.48) and the low per-
forming group (M=4.46, SD=0.88); t(25)=-0.524, p=0.605. Both groups showed that
students individually had progressed as soon as each student had mastered the current topic
or each project team had progressed to the next topic when the team of students had mas-
tered the current topic.

Also, a chi-square test for CRA revealed that there was no statistically significant asso-
ciation between the groups and assessment practice; x> (1)=1.033, p=0.310, meaning that
there was no tendency toward a certain assessment practice, CRA or NRA, between the
two groups. Another chi-square test for grade form resulted in no significant association
between the groups and form of grade; y* (1)=3.033, p=0.082, meaning that there was
no tendency toward traditional grades or individual mastery of skills as a form of student
academic data between the two groups.

PBL

There was no statistically significant difference in terms of frequency of using PBL
t(25)=0.842, p=0.408. Both groups often used PBL, although the high performing group
used it slightly more frequently (M=3.93, SD=1.21) than the low performing group
(M=3.54, SD=1.20).

Group size, duration, and nature of inquiry

While no statistically significant differences were found for group size, duration, nature of
inquiry, and types of instructional support between the two groups, the high performing
group tended to have longer duration of PBL than the low performing group, and more pro-
jects were performed individually. The high performing group reported that typical PBL
projects lasted 2—3 weeks or about a month (M =3.43, SD=1.50), and the low performing
group reported a little less than that (M =2.75, SD=1.14). In the high performing group,
16% more projects were performed individually (M =55.71%, SD=28.95) than in the low
performing group (M =39.58%, SD =29.42).

In addition, no statistically significant difference was detected for the nature of PBL
inquiry; however, the high performing group tended to use more real-world inquir-
ies (f°=10) than hypothetical inquiries compared to the low performing group (f=5), as
shown in Table 4. Also, the high performing group tended to use various instructional

3 f: frequency.
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Table 5 Comparison between Yes No PBL Never Used Total
high and low performing groups

on assessment of nonacademic
performance

High 12 1 1 14
Low 4 7 1 12

resources more frequently than the low performing group across all survey items, including
teacher lecturing, teacher coaching, CBI, peer, and outside experts. Especially, the differ-
ences were bigger for teacher coaching (A M =0.75) and outside experts (A M=0.82).

Student activities

In terms of student activities during PBL, there was a statistically significant difference
on frequency of sharing final products of PBL with the community. The high performing
group shared their products with the community more frequently than the low performing
group; t(24)=2.677, p=0.013. The high performing group sometimes shared their prod-
ucts M =2.79, SD=1.37), whereas the low performing group never or rarely shared their
products (M=1.58, SD=0.79). No significant differences were found in other activities.
However, the high performing group consistently reported more frequent student activities
throughout the related survey items. Especially, the differences were relatively large for
presenting final products in class (A M =0.74), reflecting on what students had learned (A
M=0.52), and self-monitoring student progress (A M =0.49).

PBL assessment

There were significantly more respondents in the high performing group that reported they
assessed nonacademic performance on the project, such as effort, work ethics, time man-
agement, communication, or collaboration; x> (2)=8.396, p=0.015. Table 5 compares
the high and low performing groups in terms of assessment of nonacademic performance.
Other than this, there were no statistically significant or obvious differences between the
two groups in terms of PBL assessment.

Multi-year mentoring

Statistically significant differences were found in: (1) number of years with the same
students and (2) close relationship with students between the high and low performing
groups. The teachers in the high performing group stayed for 2.5 years on average with the
same cohort (SD=1.45), while those in the low performing group stayed for 1.25 years
(SD=0.87); t(21)=2.705, p=0.013. Also, the teachers in the high performing group
reported that they were able to build close relationships with about 75% to all students
(M=4.46, SD=0.66), whereas those in the low performing group reported about 50% to
75% of students (M =3.56, SD=0.53); t(20)=3.423, p=0.003.

Technology use

There was a significant difference in number of functions integrated into the school’s tech-
nology system. The high performing group had 2.60 functions on average (SD=0.97),
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Table 6 Comparison between the high and low performing groups on technology use in reading

Items Yes No, but wish  No, don’t Total
want
# % # % # %
Record keeping
Career goals H 5 36% 4 29% 5 36% 14
L 2 15% 5 38% 6 46% 13
Interest H 6 43% 4 29% 4 29% 14
L 2 15% 6 46% 5 38% 13
Characteristics H 6 43% 5 36% 3 21% 14
L 2 15% 9 69% 2 15% 13
Mastery H 10 71% 3 21% 1 7% 14
L 12 92% 1 8% 0 0% 13
Planning
Learning goals H 9 64% 4 29% 1 7% 14
L 7 54% 3 23% 3 23% 13
Creating PLP H 9 64% 4 29% 1 7% 14
L 7 54% 3 23% 3 23% 13
Use of CBI H 9 69% 3 23% 1 8% 13
L 8 62% 5 38% 0 0% 13
Project selection H 6 46% 4 31% 3 23% 13
L 10 77% 3 23% 0 0% 13
Teammates H 5 38% 4 31% 4 31% 13
L 3 25% 6 50% 3 25% 12
Timeline H 54% 4 31% 2 15% 13
L 46% 5 38% 2 15% 13
Resources H 12 86% 2 14% 0 0% 14
L 10 77% 3 23% 0 0% 13
Instruction
CBI H 11 79% 1 7% 2 14% 14
L 9 69% 3 23% 1 8% 13
Receiving project info H 13 93% 0 0% 1 7% 14
L 9 69% 4 31% 0 0% 13
Finding resources H 14 100% 0 0% 0 0% 14
L 11 85% 2 15% 0 0% 13
Sharing resources with peers H 14 100% 0 0% 0 0% 14
L 9 69% 4 31% 0 0% 13
Creating products H 14 100% 0 0% 0 0% 14
L 10 77% 3 23% 0 0% 13
Receiving feedback H 9 64% 2 14% 3 21% 14
L 6 46% 6 46% 1 8% 13
Assessment
Testing different content H 6 43% 5 36% 3 21% 14
L 9 75% 3 25% 0 0% 12
Testing on demand H 5 36% 7 50% 2 14% 14
L 8 62% 3 23% 2 15% 13
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Table 6 (continued)

Items Yes No, but wish  No, don’t Total
want
# % # % # %
Adjusting difficulty H 5 36% 5 36% 4 29% 14
L 5 42% 6 50% 1 8% 12
Integrating tests as practice H 7 50% 2 14% 5 36% 14
L 8 62% 4 31% 1 8% 13
Certifying attainments H 8 57% 4 29% 2 14% 14
L 10 77% 2 15% 1 8% 13
Providing feedback H 11 79% 2 14% 1 7% 14
L 54% 5 38% 1 8% 13
Receiving statistics about test results H 64% 3 21% 2 14% 14
L 6 46% 5 38% 2 15% 13

whereas the low performing group had 1.83 functions (SD=0.72); t(20)=2.135, p=0.045.
Also, more students in the high performing group used technology in sharing resources
with their peers than those in the low performing group; x> (1)=5.057, p=0.025.
Throughout the four functions, generally, more teachers in the high performing group uti-
lized technology than in the low performing group. Table 6 compares the two groups’ sur-
vey responses on the four technology functions: recordkeeping, planning, instruction, and
assessment.

Implications, limitations, and future research

Our analysis revealed several interesting aspects of PL practice and technology use in K-12
learner-centered schools. Four guidelines for PL schools can be inferred.

First, PL schools should implement the five PL features thoroughly. High-performing
schools generally implemented PL more thoroughly and practiced the five PL features
more frequently than low-performing schools. This evidence supports that PL, if thor-
oughly designed and implemented, can be effective in enhancing academic achievement
measured by standardized tests. More specifically, high-performing schools demonstrated
effort to connect their practice to the real world by considering students’ career goals when
creating personalized learning plans (PLPs), having students work on real-world inquiries,
and including community in the process of learning. In high-performing schools, students
shared their PBL artifacts with the community, affording students an opportunity to engage
in dialogues with real world audiences and giving their school projects authentic purposes.
Lee and Hannafin (2016) urged having authentic audiences for student-centered learning
projects to enhance student engagement. LEAP Innovations (2020) provided strategies for
creating real-world connections in PBL. Projects can be designed to involve community by
collecting data from local people, providing civic or community services, or implement-
ing a cross-school collaboration project. Furthermore, more well-rounded assessments
were used in high-performing schools by focusing on both academic and non-academic
outcomes. LEAP Innovations (2020) recommended assessing and providing feedback on
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effort, process, and mastery in an objective and non-judgmental way while encouraging
students to experiment with multiple strategies to solve problems or accomplish projects.

Second, making personal connections between students and teacher can positively influ-
ence the outcome of PL practices. High-performing schools had longer multi-year men-
toring (MYM) than low-performing schools. Feeling close to their teachers and respected
for their personal interests and career plans can augment elementary students’ engagement
with school and academic endeavors (Reevs 2006). For high-school students, having more
positive interactions with the teacher predicted positive school engagement and academic
life (Martin and Collie 2019). Connections between students and teachers can improve
students’ sense of purpose in school and school performance. LEAP Innovations (2020)
provides specific guidelines as to how to cultivate meaningful relationships, such as estab-
lishing a daily reflection shared between students, parents, and teachers; collaboratively
developing a PLP with a student, parents, and teacher; and guiding and supporting students
throughout the PBL process.

Third, it is essential for PL schools to utilize an integrated technology system and train
teachers to support all four functions of recordkeeping, planning, learning, and assessment.
High-performing schools were better equipped with a technology system that integrated
all four functions, and teachers used technology in a wider variety of ways. A learning
management technology system can benefit all members of a school, including teachers,
students, administrators, and parents (Reigeluth et al. 2008). Data can provide evidence
of student performances and year-to-year progress; therefore, teachers can give personal
attention to individuals and adjust practices accordingly. Parents receive meaningful feed-
back on student performances and can work more easily with the student at home. These
data can provide administrators with a base for confident decision making. Learning man-
agement systems that are available currently include Canvas, in which personalized learn-
ing paths can be created for individual learners, and Google Classroom, in which teachers
can provide different learning materials to individual learners.

Finally, when putting these research results into practice, educators should keep in mind
that a piecemeal change at the surface level would not be sufficient to bring the results
of the high-performing schools—that PL should be implemented in its entirety with high
fidelity. For example, incorporating career goals into PLP was one of the statistically sig-
nificant differences between high and low-performing schools. However, if a traditional
teacher-centric school decided to create PLPs for the students and include career goals as a
component, this alone would not be sufficient to achieve the same result found in high-per-
forming schools. The learner-centered schools surveyed practiced at least three of the PL
features. So, creating a PLP with career goals should be accompanied by selecting projects
based on their career goals that engage students in the projects with real-world connec-
tions, assessing various processes and outcomes, providing enough feedback to learners,
and building meaningful relationships throughout the process.

This study was conducted when the U.S. K-12 system was under NCLB. Its findings
hold value in that personalized, learner-centered approaches with high implementation
fidelity can be effective, as measured by standardized tests, even in the midst of nationwide
notorious testing requirements and penalties implemented. The study findings encourage
educators to adopt PL and support the PL. component of ESSA.

This study bears limitations on sample size and school data limited to the United States.
Effects of PL on academic outcomes should continue to be investigated with a larger
sample size as well as with student-level academic data and other related factors. Many
non-significant results could be attributed to (1) the small sample size, (2) no significant
effects at the teacher or school levels, or (3) insufficient variance in participant responses.
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It follows that results might be different if there were a large enough sample size or if
the effects were examined at the student level, not the teacher or school levels. If teachers
in both groups similarly practice a certain PL feature, it will not lead to a significant dif-
ference, but the PL feature may be highly valuable for student learning. Also, the small
sample may limit the generalizability of the study findings. Also, this study was conducted
with the schools in the United States, and the findings should not be generalized to other
cultural contexts.

Given that PL is in its infancy, further research can concretize practices and inform scal-
ing up PL. First, high-performing and low-performing schools should be closely observed
using ethnographic approaches, and their practice and technology use should be exten-
sively documented and compared. This type of multiple case study allows us to identify
unknown factors that are directly or indirectly related to academic achievement and provide
aricher description of high-performing schools in comparison to low-performing schools.

Second, the effects of PL on non-academic outcomes, such as critical thinking, creativ-
ity, collaboration, and social-emotional skills, should be also investigated. These learning
outcomes are at least as important as academic achievement to student success. Also, PBL
is known to have positive effects on these learning outcomes (Bell 2010; Han et al. 2014;
Hmelo-Silver 2004).

Third, major technology needs were revealed, and the importance of an integrated edu-
cational technology system (i.e., PIES) that collects and stores students’ data, helps plan
individualized lessons or projects, provides instructional support, and assesses students’
learning outcomes has been found in this study for ELA. Also, connected to such a tech-
nology system, mobile learning has shown great potential in corporate training to enable
learning to be personalized and to take place anywhere and anytime, which is especially
important in times of a global pandemic such as Covid-19. Therefore, research should
be directed to identifying functional specifications and facilitating the development and
implementation of such a system and mobile applications through design-based research.
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Appendix: Constructs, operational definitions, corresponding survey
instruments and objectives

Constructs & Instruments Objectives
Operational
definition
PLP: Q3.5 How often did you consider the following when preparing a PLP for most e  To survey what individual
Customized differences or needs have been

instructional plan that
takes into account
individual differences,
such as career goals,
characteristics,
interests, and
academic mastery.

students? (If you didn’t prepare such PLPs, check Never.)
Some

Never | Seldom

The student’s career goals © °© © °© ° .
The student’s o ° o o o
characteristics (e.g.,

learning style)

The student’s interests © © © © ©
National or state academic o o o o o
standards

‘What the student has o o ) o o

already mastered

considered in creating a PLP
and how frequently they are
considered.

How frequently teachers take
academic standards into
consideration.

Q3.6 How often was the PLP executed? (If you didn't have a PLP, check Never.) o

To survey whether the PLP is

Never actually implemented and how
Seldom frequently.

Sometimes

Often

Always

CBSP:

Individualized student
progress based on
their current academic
mastery rather than
time

3.7 Students moved on to a new or higher level of a topic ...
All together when a specified amount of time had passed.
All together when the entire class of students mastered the current topic.
By track when a group of students mastered the current topic.
Each project team when the team of students mastered the current topic.
Individually as soon as each student mastered the current topic.

00000000000

e To learn how much
student progress is
individualized.

CRA:

Evaluates whether
students have
mastered a certain
skill or competency

Q3.8 Were your student records in the form of...? .
o Mastery of individual skills/competencies
o Traditional grades

To learn whether student
learning outcome is narrowly
defined and recorded.

Q3.9 Which of the following statements best describes your major practice of .
assessment?
o CRA: Assessed whether students possessed (mastered) particular skills or
competencies - Pass or Not Yet Pass
o Norm-referenced assessment: Assessed how well students performed
compared to other students - Letter or Number grades (A, B, C, ...)

To learn whether teachers’
major practice of assessment is
criterion-referenced.

PBL:

Any inquiry based
learning approaches
that engage students in
an authentic, complex,
and open ended
inquiry

Q3.15 Did you use a PBL approach in your classroom (problem-based, project-
based, theme-based, case-based, inquiry based, or discovery learning) last year?

To decide whether and how
often teachers use any inquiry

o Never based learning approaches.
o Rarely
o Sometimes
o Often
o Always
Q3.16 What percent of the PBL was done...(Total must sum to 100.) e To learn whether students
In individual projects collaborate on a project and
In small group projects (2-4 students) how many students are usually
In large-group projects (5 or more) involved in a project.
By the entire class together
Q3.17 On average, how long did a typical PBL project last? e To learn an average duration of
o A few days a PBL project and

About a week
For 2-3 weeks
About a month
For 2-3 months
o For an entire

0 0 o0 o0

subsequently learn if the
project is complex.

Q3.19 Most PBL projects were selected to be... .

Nature of o Closed-ended o Open ended
the inquiry
(one right solution) (many good solutions or
many ways to arrive at them)
Scope of o Uni-disciplinary o Multi-disciplinary
the inquiry

To learn if the PBL inquiry is
open ended and multi-
disciplinary
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Q3.20 Most PBL projects dealt with ... e To learn if the PBL deals with
o Real-world inquiries/problems/projects areal world inquiry.

o Authentic but hypothetical inquiries

o Hypothetical and not authentic inquiries

Q3.21 How often did your students receive instructional support or feedback e To learn how often students
during their PBL projects? receive instructional support or
feedback during PBL
Aly e To learn from whom students

Never | Seldom

o o o ° ° receive them
From teacher lecture e To learn if computer-based
instruction or web resources
From teacher coaching °© © °© © © are used to cognitively support
students during PBL
From computer-based o o o o o
instruction or web resources
From peers ° ° ° °© ©
From experts/community o o o o o
members
Q3.22 How often did your students engage in the following activities during a e To learn how often students
student PBL project? perform activities to self-
Some regulate their learning and
-times : engage in group processing.
o o o o o e To learn whether they present
Chose their own project topic their final product and share it
with community members
Set their own individual goals =~ © °© °© © °© ®  To learn whether students
reflect on what they have
Set their own deadlines for o o o o o learned.
each sub task
Decided on their roles & o o o o o
responsibilities
Decided on the process of o o o o o
their project
Presented their final product o o o o o
in class
Shared their final product o o o o o
with community members
Self-monitored their progress °© °© © °©
Reflected on what they've o o o o o
learned

To learn about assessment
Q3.22 Please check ways that students were assessed during and after a student ~ practice of PBL
PBL project. (Please check all that apply.) e Group performance

Final product of the project e Individual academic
performance

Individual academic performance during the project e Individual non-academic
performance

Individual non-academic performance on the project (e.g., effort, work e Peer evaluation

L Lo . e Outside experts
ethics, time management, communication, collaboration)

Peer evaluations on their group members’ personal performance
Peer evaluations on other groups’ final performance

Experts outside the school assessed the final project outcome
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MYM:

Teachers teaching or
mentoring each
student for multiple
years

*Q3.23 How many consecutive years did students typically stay with you? .
o 1year
o 2years .
o 3years
o 4 years

o More than 4 years

To decide if a teacher mentor
or teach a student for multiple
years.

To learn how many years the

teacher stays with the student
(duration of mentoring)

To learn if a classroom has
multi-grade levels (Not multi
ages)

Q3.24 Was your classroom multi-grade? .
o Yes
o No
Q3.25 Did each student get to choose his/her primary teacher (mentor, advisor, .
etc)?
o Yes
o No

o There was no primary teacher.

To learn whether a student has
freedom to choose his or her
mentor.

Q3.26 How many students in your classroom were you able to build a close .
relationship with?

o None

o About 25%

o About 50%

o About 75%

o Al

To learn how many students a
teacher can build a close
relationship with.

Technology Use:
Uses of digital
technology in
recordkeeping,
planning, instruction,
and assessment.

Q3.10 [Record-keeping] You used computer technology for keeping record of .
students'...

No, but I | No, and I
wish I don't
had it. want it.

‘ Skills/competencies mastered © °© °©
‘ Career goals © °© °©
Interests °© °© °©
o o o

‘ Characteristics (e.g., learning styles)

To learn about teachers’
technology uses and needs
regarding record keeping
students’ data

Q3.11 [Planning for learning] You used computer technology for planning each o
students’ learning by deciding on...

To learn about teachers’
technology uses and needs

No, but I | No, and I regarding planning for
wish I don't learning
had it. want it.

Learning goals ° °© °©

PLP © ° °

Uses of computer-based instruction (e.g., o o o

tutorials, simulations, etc.)

Project selection ° ° °©

Teammates to work with °© °© °©
. . . . P o] o

Timelines/deadlines for learning activities

Resources for student learning © °© °©
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Q3.12 [Instruction] Your students used computer technology during learning in e To learn about students’

the following ways ... technology uses and needs in
learning
I don't
want it.
Using computer-based instruction (e.g., o o o
tutorials, simulations)
Receiving information about projects © ° ©
Exploring or finding resources °© ° °©
Sharing resources with other students °© ° °©
Creating products for their projects °© ° °©
Receiving feedback © °© ©
Q3.13 [Assessment] You used technology for student assessment in the e To learn about teachers’
following ways... technology uses and needs
No, but | No, and regarding assessment

TwishI | Tdon't

had it. want it.

Testing different content: to accommodate o °

different student goals

Testing on demand: students take a test o o o

when they are ready

Adjusting levels of difficulty to the student o o

automatically

Integrating tests as practice within the

. . o o o

instruction

Certifying attainments (mastery) o o o

Providing students with feedback o o o

Receiving statistics about test results for o °

improving instruction or test items

e To learn if there is an

Q3.14 My school had (a) major technology system(s) that integrate(s) the integrated technology system
following functions. Please provide the name of the system(s). that encompass the four

Planning for | Instructi functions of record keeping,
learning on planning, instruction, and

= assessment and names of the

systems.

‘ System Name:

System Name:
System Name:

System Name:
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