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Abstract

The current study has shown positive evidence for the adoption of
the PERvasive Learning System (PERLS) into military education and
training environments. A randomized control trial was implement-
ed to evaluate the impact of PERLS within a military classroom set-
ting. It found that PERLS use during a course could improve soldiers’
self-efficacy for content and self-regulated learning (SRL) and po-
tentially increase completion rates for soldiers. These findings show
the possibility that correctly designed technology can support users’
self-efficacy for their ability to implement SRL. Further, this study
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has shown that microlearning technology with SRL support, as seen
in PERLS, has the potential for real-world classroom impact.

o address the training needs of the next generation of soldiers, the U.S. Army

requires a systematic approach to incorporating formal and informal learn-

ing experiences into training and development. This approach is described
in The U.S. Army Learning Concept for Training and, Education (U.S. Department
of the Army, 2017). In this doctrine, Army training leadership describes an adaptive,
personalized, and learner-centric learning environment. To support this emerging
approach, modern instructional design approaches and technologies must be suc-
cessfully integrated into existing schoolhouse curricula.

One such approach is self-regulated learning (SRL). SRL is a process that trains learn-
ers to form skills (Zimmerman et al., 2002) and habits (Butler, 2002) that support the act
of learning such as goal setting, self-monitoring, and adapting to performance (Harris &
Graham, 1999; Schunk, 1996). The development of SRL abilities can lead to not just bet-
ter achievement but also improved self-efficacy (Zimmerman et al., 2002). Self-efficacy
is an individual’s belief in his or her ability to perform actions needed to reach goals in a
specific area (Bandura, 1986).

This article investigates the effectiveness of implementing learning tools to support
SRL in a military classroom context. Specifically, the extent to which learning technology
can support SRL and soldier self-efficacy and impact course performance was evaluated.
To address this topic, the PERvasive Learning System (PERLS) was utilized. PERLS is
a mobile-first learning technology platform designed specifically to incorporate mod-
ern instructional design approaches including mobile microlearning, SRL, and adaptive
learning. Developed by the Advanced Distributed Learning (ADL) Initiative, PERLS
was developed in part to support the U.S. military’s broad efforts to modernize training
through new technology platforms.

Microlearning

Microlearning is a learning approach based on small learning units and short-
term, focused activities (Hug et al., 2006; Lindner, 2007). They are normally less
than five minutes in length (Jahnke et al., 2020). This short but integrated method
of learning has been increasing in popularity over recent years in both publication
trends and internet searches (Leong et al., 2020) and has grown within the training
industry (Taylor & Hung, 2022). There is evidence within the literature that micro-
learning can support retention of information (Taylor & Hung, 2022) and build con-
fidence of students (Hesse et al., 2019; Pascual et al., 2018). The main recommended
method of implementation is mobile. Presenting microlearning content on a person-
al smartphone or tablet takes advantage of opportunities for engagement outside the
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classroom, which tend to be shorter than traditional courses. In addition, using mo-
bile devices facilitates access to information at the point of need (Craig & Schroeder,
2020). Mobile microlearning has also been shown to improve student participation,
achievement, and learning (Nikou & Economides, 2018; Suartama et al., 2019).

Self-Regulated Learning

The self-regulated learning theory decomposes learning processes into recursive
phases that are enacted strategically and intentionally to improve performance (Al-
exander et al., 1998; Panadero, 2017; Winne, 2011; Winne & Hadwin, 2008). A task
definition phase describes students’ efforts to understand the pertinent problems
and available resources. The general SRL cycle is to first engage in a goal setting and
planning phase to establish objectives and select tools and strategies to meet those
objectives. Next, an enactment or engagement phase describes how students im-
plement and choose strategies as well as attempt to perform the task. Finally, in an
evaluation or adaptation phase, students assess their actions and outcomes and make
efforts to revise their goals, plans, and strategies.

In contrast with SRL-guided learning, when students are unguided (i.e., receive mini-
mal strategy instruction or supporting scaffolds) within a system, they are typically poor
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at regulating their own learning (Winne, 2005); they overestimate their abilities (Kruger
& Dunning, 1999) and content understanding (Glenberg et al., 1982). As a result, stu-
dents without strong SRL strategies need additional scaffolds to guide them through the
process. Without guidance, the student may flounder (Kirschner et al., 2006).

Existing studies have considered the role and assessment of metacognitive mon-
itoring and regulation in learning from multimedia, hypermedia, and educational
technology (e.g., Azevedo et al., 2010). Such studies consistently link self-regulato-
ry strategies to improved learning and performance when studying in distributed
multimedia environments. Moreover, these studies demonstrate how self-regulation
strategies can be taught or encouraged through various scaffolds (e.g., Azevedo &
Cromley, 2004) and have demonstrated interactions between self-regulation and
cognitive factors (e.g., prior knowledge; Taub et al., 2014) and motivational factors
(e.g., achievement goals; Duffy & Azevedo, 2015).

PERLS and PERLS Development

The PERLS platform is the culmination of several years of research and develop-
ment aimed at addressing questions about the effectiveness of technology designed
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to support SRL (Craig, Barnard, et al., 2022; Freed et al., 2017; Udell, 2019, 2022).
While research suggests SRL improves learning outcomes, it is not a process that
learners often utilize on their own (Panadero et al., 2017). Consequently, tools that
facilitate engagement in SRL are beneficial to its effectiveness (Azevedo, 2005; Bar-
ber et al., 2011; Persico & Steffens, 2017). Learners must learn how to execute SRL
successfully and tools to enable that process are critical to its success.

PERLS is a government-owned, off-the-shelf product that uses advanced algo-
rithms to provide tailored learning recommendations to learners based on their
characteristics, learning history, training requirements, and context. PERLS was de-
signed primarily for mobile learning use but also provides content through a web
interface. PERLS has advanced from a research and development prototype on iOS
without an authoring system (Freed et al., 2017) to a robust multifunction platform
system capable of creating and distributing content, supporting learning and train-
ing organizations across the Department of Defense learning ecosystem (Craig, Bar-
nard, et al., 2022; Udell, 2019, 2022). The system has been independently user-tested
with both formative expert evaluations and summative user-based testing to ensure
the system works as intended and is ready for transition into learning ecosystems.
This has resulted in a learning technology system that is mobile, content-agnostic,
stable and scalable, empirically validated, technically documented, and designed for
transition to sustainment (Craig, Siegle, et al., 2022).

Instructional Methodologies in PERLS

PERLS was specifically designed to support modern instructional design ap-
proaches. What makes PERLS unique as a learning platform is the deliberate in-
tegration of features and functions that facilitate SRL, mobile microlearning, and
adaptive learning into one application. For PERLS, a learning-science-based ap-
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proach drove the design of many of the functions of the software itself. Examples
of this include extensive features that can support SRL (Roscoe & Craig, 2022). The
system supports the planning phase of SRL through goal setting and topic selection.
Planning is also enabled through search-and-discover (drill-down topics) features
and a recommendation engine to support content identification. Enacting is sup-
ported by PERLS content cards (e.g., article cards, flip cards, and tip cards; see Figure
2 in Methods). The system supports reflecting exercises with the recommendation
system using quiz cards and flip cards after content has been learned for reinforce-
ment. The authoring tools in PERLS drive the content developer to create short-form
content suitable for consumption on a mobile device. Instead of long-form articles,
authors are supported in developing content cards to highlight key content elements,
multimedia content such as videos, and learning support features such as quizzes
and flashcards. These microlearning techniques allow for the learner to use PERLS
for short periods of time, to supplement ongoing classroom work, and to find useful
information at the point of need that can improve performance (Craig & Schroeder,
2020; Jahnke et al., 2020).

Current Study

The current study evaluates if PERLS can impact SRL, self-efficacy, and later be-
havior within an Army schoolhouse setting with active soldiers. Since the system is
providing learning materials that support both microlearning principles and SRL,
which have been shown to increase both perceptions of learning and increase learn-
ing, it is possible to make four hypotheses and testable predictions.

(H1) Use of PERLS would increase self-efficacy for materials being learned. In
the current study, this would predict that soldiers who use PERLS would have higher
self-efficacy for completing air assault tasks than soldiers in the study who did not
use PERLS.

(H2) Because the system supports users in performing SRL behaviors, use of
PERLS would increase self-efficacy for their ability to implement SRL. This would
predict that soldiers who use PERLS would have higher self-efficacy for their ability
to implement SRL strategies than soldiers in the study who did not use PERLS.

(H3) Because the system supports users in performing SRL behaviors, use of
PERLS would increase the likelihood of implementing SRL behaviors. This would
predict that soldiers who use PERLS would have report greater SRL behaviors than
soldiers in the study who did not use PERLS.

(H4) Finally, the use of PERLS should increase performance within the learn-
ing setting that it is implemented. It is predicted that soldiers using PERLS would
have a better completion rate due to better performance than soldiers who did
not use PERLS.
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Methods
Design and Setting

A randomized control trial was implemented to evaluate the usage and impact
of PERLS within a military classroom setting. Participants were recruited among
soldiers taking four classes at The Sabalauski Air Assault School (TSAAS). The
TSAAS is an Army professional military education and training facility located in
Fort Campbell, Kentucky. The schoolhouse prepares students for air insertion and
air assault missions utilizing a fast-paced, and physically demanding 10-day course
schedule. Students are given highly technical training from subject matter experts in
both classroom and hands-on formats and tested under high-stress conditions. Due
to the large amount and challenging nature of the subject material, and the require-
ment to rapidly apply learned material in a high-stress testing situation, air assault
schools have notoriously high failure rates. However, if the student performs all re-
quired tasks to standard, she or he graduates and is certified to perform air assault
tasks upon return to the operational unit.

The Air Assault Course consists of three phases of roughly three days each. Phase
1 introduces soldiers to a wide variety of basic air assault topics (e.g., facts about
rotary-wing aircraft, medical evacuation, hand-arm signaling). Phase 2 involves
learning how to inspect the rigging of cargo attached to rotary-wing aircraft for er-
rors that would endanger in-flight operations. Phase 3 teaches soldiers how to rap-
pel out of rotary-wing aircraft. At each phase, soldiers must pass both a 50-item
multiple-choice test and hands-on test activities to proceed to the next phase of the
course. Discussions with Air Assault Course instructors and staff identified three
areas to be targeted in the project: (1) Phase 1 lecture content, (2) Phase 2 lecture
content, and (3) Phase 2 hands-on training. A performance of 70% correct on a mul-
tiple-choice class assessment was necessary to pass each phase. Additionally, passing
the Phase 2 hands-on test involved identifying three of four rigging errors on each of
four different types of cargo loads in under two minutes each. If soldiers failed any of
their tests, they were given an additional chance to pass. Notably, of the four cargo
loads that soldier must learn to inspect, one of them was the most challenging and
accounted for most of the Phase 2 failures (the A22 Cargo Bag). We included content
in PERLS that targeted A22 Cargo Bag inspection specifically and did not include
information on the other loads.

At the start of each class, the research team recruited learners in the class, col-
lected their consent, identified pretest data, and applied the preset randomization
scheme to place participants into conditions (Control or PERLS). Soldiers in the
Control condition received their TSAAS course as normal with some additional ma-
terial on resilience and an overview of self-regulation. Soldiers assigned to the PER-
LS condition were given a link and instructions on how to access PERLS in addition
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to receiving their standard TSAAS course. All participants were contacted via email
at the end of Phase 1 and Phase 2 to complete posttest measures. The data from this
article is part of the data collected from the larger study.

Participants

This study recruited 441 soldiers from four classes. A total of 16 participants were
removed from analysis; five due to retaking the course or being assigned to another
and 11 for dropping out of the class before any data was collected. This resulted in
425 soldiers participating in the final study. These soldiers were randomly assigned to
either the PERLS condition (standard classroom with PERLS support) or the Control
condition (classroom + SRL and resilience training). This resulted in 215 soldiers as-
signed to PERLS (PERLS condition) and 210 soldiers assigned to classroom compar-
ison condition (Control condition). However, there were treatment adherence issues
in the study with soldiers not complying with their assigned conditions. Thirty-four
soldiers assigned to the Control condition signed up for PERLS accounts (it should
be noted that only eighteen of the 34 used PERLS), which resulted in 192 remaining
from the original assignment. Additionally, of the 215 soldiers assigned to the PERLS
condition, only 87 used PERLS during the study with 128 never opening PERLS. Be-
cause of this treatment adherence effect in the data, conditions based on treatment
dosage were deemed more appropriate for answering the research questions. This
resulted in 320 (192+128) soldiers who did not use PERLS (New Control condition)
and 105 (87+18) soldiers that used PERLS (New PERLS condition).

Independent ¢-test results confirmed that the PERLS and Control group had sim-
ilar demographics. There were no statistically significant differences between the
groups in rank, education, or time in service. Further, there were no differences in
participants’ perceptions of the usefulness or familiarity with traditional formal in-
structional methods or informal instructional methods. The researchers concluded
that these randomly assigned groups were comparable.

Additional treatment adherence problems occurred during posttest with many
participants not completing the out-of-class posttest measures. Only 25 participants
completed both pretest and posttest measures to be included in these analyses.

Materials/Content

PERLS Condition. For the PERLS condition, participants interacted with PERLS
as an add-on to their air assault training. The PERLS content covered the material
from Phase 1 and 2 of the course. The content was created by the ASU team using
TSAAS class PowerPoint charts, instructor guidance packets for each topic, and the
course handbook. All content was vetted by ADL Initiative instructional designers
and TSAAS instructors from Fort Campbell.
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Content Design. The content was created to use all aspects of PERLS, includ-
ing article cards, flashcards, tip cards, two 100-item self-assessment tests, and the
TSAAS handbook divided up into subsections (see Figure 2 for examples). All con-
tent in PERLS was created based on TSAAS content that was also available to sol-
diers taking the class. So, this condition was informationally equivalent to the Con-
trol condition. PERLS content was created following best practices based on science
of learning recommendations (Craig & Schroeder, 2020). Examples of these include
using deep-level multiple-choice questions with immediate feedback, reinforcement
learning with flashcards, as well as articles that have visual organizers and links to
provide contiguity for learning and short amounts of bite-sized information (Craig
et al.,, 2020; Jahnke et al., 2020).

Control Condition. For the Control condition, participants took their class
as normal. They were also provided additional training material on resilience and
self-regulated learning. This content was identical to the content provided to stu-
dents within the PERLS condition. However, it was provided as a supplemental on-
line document. All interaction within this condition was between the participant and
human instructors.

Self-Efficacy Assessment. A modified version of the General Self-Efficacy Scale
(Chen et al., 2001) was used for this study at pre- and posttest to determine soldiers’
self-efficacy. This test has eight items and is measured on a five-point scale (Strongly
Disagree, Disagree, Slightly Agree, Agree, and Strongly Agree). One version of the
scale was modified to assess soldiers’ self-efficacy regarding their self-regulation abil-
ities. A second version of the scale was modified to assess soldiers’ self-efficacy with
respect to their ability to perform air assault tasks (for the modified scale, see Craig,
Siegle et al., 2022, Appendix). Both measures were given at pretest and posttest.

Self-Regulated Learning Measure. A version of the Kocdar et al. (2018) Self-Reg-
ulated Learning Measure was implemented to detect learners’ self-regulation be-
haviors at pretest and posttest. This assessment has a total of 30 questions across
five subscales: Goal Setting (5), Help Seeking (9), Self-Study Strategies (8), Managing
Physical Environment (6), and Effort Regulation (2). This measure uses a five-point
scale: Strongly Disagree, Disagree, Slightly Agree, Agree, and Strongly Agree.

Soldier Course Completion. Course completion was defined as a participant
starting the class, consenting to participate in the study, and completing the course
at the end of Phase 2 as indicated by the schoolhouse.

Procedure
Soldiers were recruited using a short in-person presentation within classrooms.
Each soldier was given a research packet that included a consent form, initial in-

structions, a pretest knowledge measure, pretest version of the self-efficacy scales,
pretest version of the SRL scale, and an instruction page on next steps depending on
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Table 1
Means, Standard Deviation, and N for Posttest Self-Efficacy for Air Assault by Usage Condition

Condition M SD N
Control 3.70 0.45 12
PERLS 439 0.62 13
Total 4.06 0.64 25

their condition. Soldiers in the PERLS conditions were given instructions on down-
loading and creating an account in PERLS. Soldiers in the Control condition received
a link to two PowerPoint files on self-regulated learning and resiliency. It was up to
participants to follow links and instructions provided. The day before the final test in
Phase 1, all participants were contacted via email with a link to Phase 1 self-efficacy
assessments. The participating soldier was contacted again via email the day before
the Phase 2 assessment.

Results

Self-Efficacy for Air Assault Tasks

An analysis of covariance (ANCOVA) was conducted on soldiers’ post training
self-efficacy for air assault task ability using pretest self-efficacy measures for air as-
sault tasks as covariates to determine any difference between condition and classes.
This test indicated a significant difference for PERLS usage, F(1, 16) = 5.48, p = .03;
np* = .26, but not for class or the interaction. Soldiers that interacted with PERLS
(M = 4.39, SD = .62) had significantly higher self-efficacy than soldiers that did not
interact with PERLS (M = 3.70, SD = .45) (see Table 1).

Self-Efficacy for Self-Regulated Learning

An ANCOVA was conducted on soldiers’ posttraining self-efficacy for SRL
ability using pretest self-efficacy measures for SRL as covariates to determine any
difference between conditions. This test indicated a significant difference be-
tween PERLS and Control groups, Z(1, 16) = 6.16, p = .02; np? = .28. Soldiers that
interacted with PERLS (M = 4.13, SD = .63) had significantly higher self-efficacy
than soldiers that did not interact with PERLS (M = 3.62, SD = .55) (see Table 2).
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Table 2
Means, Standard Deviation, and N for Posttest Self-Efficacy for SRL by Usage Condition

Condition M SD N
Control 3.62 .55 7
PERLS 413 .63 18
Total 3.98 64 25

Self-Reported SRL Behaviors

A series of ANCOVAs were conducted on participants’ reported self-regulated
learning ability and on the five subscales for the SRL measure using corresponding
pretest measures as covariates to determine any difference between PERLS usage
conditions and classes. This test did not indicate any significant differences. The
pre- to post-measures were generally in favor of slight improvement for the PERLS
condition. While the effect size was generally small to medium, it is possible that the
nonsignificant effect is due to small sample size. Additionally, it should be noted that
these means and the results could be biased due to the low sample size and attrition.

Student Retention

A one-tailed ¢-test was conducted on soldiers’ completion rates to determine differ-
ences between PERLS usage conditions. The variances between groups were not equal,
so a corrected model was used to interpret the data. This test indicated a significant
difference, £(224) = 5.08, p = .001, d = 0.51. Soldiers who interacted with PERLS (M =
.18, SD = .39) had significantly more retention than the Control condition (M = .42,
SD = .49). The means roughly indicate the proportion of soldiers who did not finish
the course within the specific condition. This analysis shows that participants that used
PERLS dropped the course at half the rate of participants that did not use PERLS.

Discussion

Overall, the combination of a mobile microlearning system with support for SRL
processes as seen within PERLS had a positive impact on soldiers’ perceptions and
completion rates and generally supported our hypotheses. Our first hypothesis (H1)
that use of PERLS would support soldiers’ self-efficacy for air assault tasks was sup-
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Table 3
Means, Standard Deviation, N, and Standard Error for Student Failure to Complete

Condition N M SD SEM
Control 320 42 494 .028
PERLS 105 .18 .387 .038

Note. SEM = standard error of the mean.

ported. Our second and third hypotheses regarding the use of PERLS supporting
soldiers SRL received mixed results with reported self-efficacy for SRL showing in-
creases (H2) but reported SRL behavior not showing increased (H3) compared to
controls. Our final hypothesis on classroom impact (H4) was also supported with
increased completion rates for soldier using PERLS.

The discrepancy in SRL findings could be explained by the short duration of the
implementation. Self-efficacy is a person’s belief in their ability to perform a behav-
ior or set of behaviors (Bandura, 1977, 1986, 1997). Self-efficacy has been shown to
directly impact motivation that leads to skill transfer (Chiaburu & Marinova, 2005).
Elevated self-efficacy increases the intent to perform the learned skills so that the
next step of doing is initiated (Machin & Fogarty, 1997). However, the sensitivity
of the self-regulation behaviors measure used in the current study may have been
impacted by the limited scope of the evaluation. The measure was designed to as-
sess long-term changes in learning behavior, while our study was constrained to the
context of one course. So, it is possible that the scale was not sensitive enough to
capture fine grained changes from within the course. Future research investigating
the longer lasting impacts of the intervention on SRL behavior would be required
to determine the extent to which substantial changes to SRL behaviors would result
from using PERLS.

Improving Classroom Completion Rates with PERLS

The study shows that soldiers using PERLS completed the course at significantly
higher rates than those that did not. In interpreting this finding, consideration is
needed of the treatment adherence effect in that many participants assigned to use
PERLS did not use it due to unknown reasons. This was perhaps due to the short
duration of the course with a high amount of optional content and PERLS as part
of the class. While pretest data indicate that the treatment adherence problem was
random without any statistical differences between Control, PERLS, and the original
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groups with the treatment adherence problems, it is always possible that there was
another systematic factor that we could not identify. However, this does not seem
highly plausible due to the similar pretest findings. Additionally, the current find-
ings align with the previous research on learning technologies (Foster & Fletcher,
2002), microlearning systems (Jahnke et al., 2020; Nikou & Economides, 2018), SRL
support systems (Azevedo et al., 2010), and other findings with the current PERLS
(Craig, Siegle, et al., 2022), all of which have consistently been shown to increase
learning. However, the use rate within the PERLS condition of 40% highlights the
need to better understand soldier hesitancy in adoption of learning technology and
what might increase use rates of learning technology.

Our evaluation found that PERLS was an effective system that was general-
ly viewed as helpful by users and instructors who would recommend reuse with-
in the course. This finding also aligns well with some of our qualitative findings
(Craig, Barnard, et al., 2022). Soldier interviews pointed toward the successful use
of PERLS during the class. Interviews with instructors did not report any negative
impacts, increased disruption, or increased instructor burden from the implemen-
tation of PERLS.

While the increase in completion rates seems promising, the return on invest-
ment should be examined for courses before adoption, as the manpower required
to develop and maintain course content within PERLS is significant. The Cadre of
TSAAS were not asked to create the materials used in this evaluation, so the abili-
ty for these instructors to create content within PERLS is unknown and additional
attention and research should focus on the interface and usability of the system for
content creation and maintenance.

PERLS’ Broader Potential Impact

The US. Army Learning Concept (U.S. Department of the Army, 2017) recog-
nizes a need for mobile microlearning as part of a larger learning ecosystem, with
the ability to adapt to shifting educational demands of the individual. The current
study has shown positive evidence for the adoption of PERLS into military edu-
cation and training environments. The convenience of having on-demand train-
ing materials available in an online application allows soldiers to study wherever
and whenever they can fit it into their busy training schedules. PERLS provides
immediate feedback to the learner about their current knowledge on a subject,
providing a tailored approach to learning soldiers are unable to receive through
individual handbook study alone. Web or application-based microlearning solu-
tions, like PERLS, may provide postgraduation access to the software for soldiers
to review important materials after they return to their rotational units, allowing
them reach back capability, increase their knowledge retention duration, and re-
main subject-matter experts in applied operational environments.
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Conclusions

The current study has shown positive evidence for the adoption of PERLS into
military education and training environments. It found that PERLS use during a
course could (1) improve soldiers’ self-efficacy for both content and SRL and (2) po-
tentially increase retention/completion rates for soldiers. SRL has notoriously been
difficult to instill without intense training (Winne, 2005), and these findings show
the possibility that correctly designed technology can support user’s self-efficacy for
their ability to implement SRL without explicit instruction. Further, this study has
shown that technology that combined SRL support with a microlearning platform,
as seen in PERLS, has the potential for real-world impact within classrooms. <8
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