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Introduction to the Practice Guide on Using
Technology to Support Postsecondary Student Learning

Despite increasing college enrollment' and growing
diversity of the college student population,? college
completion rates are low. Less than a quarter of
students enrolled at public 2-year institutions
complete their programs within 3 years.? At 4-year
institutions, only 58 percent of students who enroll
at public institutions and 69 percent of students
who enroll at private institutions complete their
programs at any institution within 6 years.* The first
year of college is critical, with about 20 percent of
first-time full-time students in 4-year institutions and
more than 40 percent of first-time full-time students
in 2-year institutions failing to return to that same
institution for their second year. Persistence and
graduation rates are even lower for first-generation,
low-income, and racial/ethnic minority college
students.®

See the Glossary for a full list of key terms used
in this guide and their definitions. These terms are
underlined when first introduced in the guide.

Many colleges are exploring ways to leverage
technology to improve student retention and
increase the educational options for and success of
their diverse student bodies. Technology is infused
in almost every aspect of college life. In the general
population, 77% of individuals own a smartphone,
73% own a laptop or personal computer, and 53%
own a tablet” Mirroring that trend, students have
increasingly greater access to personal computing
and communications technologies.® Web-based
course or learning management systems and
instructional technology centers can be found on
almost every U.S. college campus. Colleges are even
ranked based on the quality of their technology
infrastructure and connectivity.? Off campus,
technology allowed more than six million college
students to take online courses in the 2015-2016
school year."” Colleges are using technology to
improve the quality of student learning; make

active and engaging learning available throughout
institutional offerings; and help students become
more successful learners.

This practice guide, developed by the What
Works Clearinghouse™ (WWC) in conjunction
with an expert panel, focuses on promising
uses of technologies associated with improving
postsecondary student learning outcomes. It

provides higher education instructors, instructional
designers, administrators, and other staff with
specific recommendations for supporting learning
through the effective use of technology.

Using Evidence to Develop the
Recommendations

This practice guide makes five evidence-

based recommendations around how to use
technology to support postsecondary learning.
Each recommendation includes examples of
technologies and how to implement them, advice
on how to overcome potential obstacles, and a
summary of the research evidence that supports
the recommendation. The panel created a practice
guide protocol to guide the evidence search and
review."" Findings from eligible studies (see Box 1)
that meet evidence standards were summarized
by trained and certified WWC reviewers for
consideration by the expert panel.

BOX 1. STUDY ELIGIBILITY CRITERIA

Eligible research used a comparison group design,
included an intervention that used technology to
support student learning, involved college students
in the United States, was published in 1997 or later,
and reported on one or more outcomes in the
following domains: (1) academic achievement; (2)
college attendance; (3) credit accumulation and
persistence; (4) attainment of a degree, certificate, or
credential; (5) post-college employment and income;
or (6) student engagement and motivation.
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FIGURE 3.6. EXAMPLE OF ADAPTIVE LEARNING ENVIRONMENT WITH PEDAGOGICAL AGENTS
TO SUPPORT SELF-REGULATED LEARNING
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FIGURE 3.7. SAMPLE TOOL FOR STUDENTS TO MONITOR PROGRESS: CHECK MY ACTIVITY

e The University of Maryland, Baltimore County (UMBC) uses a Blackboard learning management system (LMS) to
support faculty and students. To supplement the LMS, the university created a custom Check My Activity (CMA)
tool that allows learners to compare their own level of activity in Blackboard Learn (number of sessions, number
of clicks by tool type, amount of time in class) against an anonymous summary of course peers. If instructors use
the LMS grade book, students can also compare their own activity with peers earning the same, higher, or lower
grade on any assignment.
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Potential Obstacles and the
Panel’s Advice

OBSTACLE: Instructors do not believe self-requlated
learning is something they should have to teach
college students.

PANEL'S ADVICE: Many instructors believe
students should already know how to monitor
their learning, and many students do not believe
they need to be taught how to self-regulate their
learning. Administrators should incorporate self-
regulated learning into their institution-wide
learning objectives. They should share evidence that
self-requlated learning is associated with positive
student outcomes and that technology is an
effective way to support self-regulated learning. To
further underscore the institution’s commitment to
encouraging self-requlated learning, administrators
can also encourage instructors to integrate
discipline-specific versions of the objective into
their courses.

Professional development programs for instructors
should include training on the importance of
self-requlated learning skills. They are especially
important in computer-based learning
environments and activities, which often involve less
guidance and support from the instructor. Training
can provide instructors with examples of how to
incorporate and model the use of self-regulated
learning strategies in their courses.

Students can vary in their degree of comfort and
readiness for working in a self-requlated learning
environment. They should be offered university-
and department-level training. The training
should provide students explicit instruction in
self-regulated learning strategies and help them
understand how to effectively apply the strategies
in their learning. Once instructors and students
understand the importance of self-regulated
learning skills and how students can apply them,
they might be more receptive to exploring and
engaging with the scaffolding features embedded
within many of the technologies they already use.

OBSTACLE: Instructors might be uncertain about
the best way to incorporate self-regulated learning
strategies into their specific courses.

PANEL'S ADVICE: Incorporating self-regulated
learning strategies into classroom activities does
not need to be burdensome or time-consuming.
McGuire (2015) offers several approaches

for instructors and suggests students can be
introduced to self-requlated learning strategies in
an hour-long workshop. Instructional designers and
professional development staff can assist instructors
in articulating the goals and objectives for their
course or for the activities within their course.

Instructional designers can also help instructors
identify strategies and actions students can take to
meet these goals and objectives.

Next designers can help instructors think about
how to provide opportunities for students to
learn—and practice—self-regulated learning
strategies throughout the semester. As a follow-
up to workshops, instructional designers should
consider one-on-one meetings with instructors
to familiarize them with technologies available to
scaffold students’self-regulated learning and to
teach them how to integrate these technologies
into their courses.

OBSTACLE: Web-based technologies designed to
support self-requlated learning can lack interfaces that
are intuitive and efficient for learners to navigate.

PANEL'S ADVICE: When designing or selecting
web-based activities or modules, instructors and
instructional designers should ensure each interface
is designed to allow students to effectively apply
self-requlated learning strategies. To ensure students
are maximizing their time and attention focusing

on the relevant content, it is essential to make

sure learners are not over-burdened by learning
how to use new tools and interfaces. Students and
instructors should have access to instructions, an
orientation, and a help feature to ensure they are
aware of and able to efficiently use all functions
within the technology.



Recommendation 4: Use technology to provide timely and
targeted feedback on student performance.

The panel recommends using technology to
facilitate the provision of timely and targeted
feedback to students about their performance.
Specifically, technology is recommended as a tool
to assess students’skills and understanding and
to deliver the results as feedback to students and
instructors. Students learn more effectively when
they are actively engaged in learning activities
and have direct access to information about what
they are doing right or wrong.*® However, some
college classes provide limited opportunities during
class for students to actively engage with content
and demonstrate their skills or understanding of
key concepts. This is especially common in large
or lecture-based classes. Deep understanding

and retention of material can be difficult when
opportunities to apply new knowledge are not
provided concurrent with its delivery. Outside of
class, students can more effectively prepare for
exams and for the next class if they have access to
information about how well they have mastered the
content and its application.®

Technology permits rapid assessment and
tabulation of student responses and can be used
both in and outside of class. Thus, technology
provides opportunities for students to engage with
content and demonstrate their understanding, or
lack of understanding, to themselves and to their
instructor at the time that learning activities occur.
Technology that facilitates assessment and the
provision of timely feedback, whether in or outside
of class, with individual students or with groups, also
provides data that can be used to tailor and modify
instruction to better address students’learning
needs and challenges.

Among the most widely used technologies in
traditional face-to-face courses for providing
immediate feedback are automated student
response systems. These can be hand-held devices
or polling applications for smartphones or tablets/
laptops that allow students to respond to questions;
software then rapidly tabulates responses and
shows the results to the class so students can
check their answers and see how they compare

to those of their peers. Outside of class time, or in
blended and online courses, timely feedback can
be provided via online assessments, assignments,
or polling applications. Feedback systems can also
be incorporated into online courses and modules
by using embedded assessments; many learning
management systems have these options built

in. Developments in artificial intelligence enable
feedback to be individually tailored via adaptive
systems, such as intelligent tutoring systems.

With all of these technologies, the rapid tabulation
of data permits students to check their performance
quickly and allows instruction to be adapted

and differentiated in light of student responses.

This differentiation can be performed by human
instructors or can be programmed into online
courses and modules.

WWLC staff and the expert panel assigned a
moderate level of evidence based on eight studies.
Five studies meet WWC group design standards
without reservations.* Two studies meet WWC
group design standards with reservations.” One
study that tested multiple interventions reported
on comparisons that meet group design standards
without reservations and comparisons that meet
group design standards with reservations.*? See
Appendix C for a detailed rationale for the Level of
Evidence for Recommendation 4.



SPOTLIGHT ON IMPLEMENTATION: USING ONLINE HOMEWORK AND STUDENT
RESPONSE SYSTEMS TO PROVIDE TIMELY AND TARGETED FEEDBACK TO STUDENTS

An instructor teaching a developmental pre-algebra course at a community college used online assignments
and student response systems to provide timely and targeted feedback to students about their performance.
The class met twice a week.

Online homework assignments provided the instructor with student information to plan the next class
session. Prior to each class, students were assigned online homework and were expected to complete it in
advance. Although students did not receive scores on the homework assignments prior to class, the online
homework assignment platform allowed students to practice concepts and get help with the homework
problems. Each class section started with a review, where the instructor was able to address students’
questions on their previous homework assignment.

The instructor followed a three-segment format during class to assess student understanding of previously
taught and new content in real time:

e First, the instructor used a student response system to review the material covered in the previous session,
using rapid-fire questions from the homework. The instructor typically showed 12-15 problems on the
screen. Students worked in pairs to solve the problems and recorded their answers with their individual
devices. After a reasonable amount of time, the instructor posted the distribution of responses on the
screen and then demonstrated the solution. Particularly difficult concepts were often highlighted by
using more than one question.

e The second segment of class focused on introducing new concepts. After each new concept was
introduced, students were given additional problems to solve using their devices. These questions were
designed using an easy-hard or easy-hard-hard format. The first question was designed so that most
students would get the answer correct and was intended to build their confidence. The second and third
questions were more difficult; the second question was often similarly constructed to the instructor’s
examples, while the third question required students to apply the concept in a novel or unfamiliar way. As
with the homework review, students could work together and answers were posted on the screen. The
instructor then illustrated the solution step-by-step.

e Finally, students could begin work on the new assignment while the instructor was available for help. The
student response system platform used in the course was a radio frequency system called Turning Point®
that was purchased by the college. This platform is compatible with Microsoft PowerPoint®. The online
homework was provided by the textbook publisher through a system called Course Compass®.

Study Findings: Moreau (2009) reports the use of the student response system had indeterminate effects on
student achievement.



How to Carry Out
the Recommendation

The guidance below is informed by the studies
that support the recommendation, as well as the
expert panel’s expertise and knowledge of
resources and strategies available to help
implement the recommendation.

1. Determine the course segments or content
for which students would benefit most from
timely and targeted feedback.

In planning a course syllabus, instructors

should identify in advance common mistakes
and "bottleneck concepts,’ the foundational
concepts that, when students find them difficult
to understand, prevent them from grasping
more complex, related concepts. Students

and instructors benefit from timely feedback
about performance related to concepts that are
commonly misunderstood by students.®® Exams
and homework from previous terms can be

mined to identify such concepts. Class discussions

and student questions can also help identify the
nature of common student misunderstandings.

Armed with this information, instructors can
then select the concepts to cover and plan the
timing of assessment, such as polling in class
or giving quizzes prior to class meetings. They
also can plan the type and format of feedback
(group or individual) best suited to helping
students understand their mistakes or get past
the bottleneck concepts. For example, in-class

polling can be more appropriate for remediating
common misconceptions that can be addressed

quickly by the instructor in real time—for

example, the difference between correlation and
causality in a statistics course. On more complex

bottleneck concepts, instructors might be able to
better tailor class meetings, and students might
benefit more from those classes, if assessment
and feedback on those concepts occur prior to
the class meeting. After determining the course
segments and content for which students would
benefit from timely and targeted feedback,
instructors can decide whether technology could
be useful to facilitate the collection of student
responses and provision of feedback.

Decide which technologies to use for
providing feedback.

After deciding to use technology to check
students’understanding and provide timely,
targeted feedback, instructors must select the
tools that best align with their course format,
the content about which feedback will be
provided, and the institutional context in which
they operate. When selecting technologies to
provide feedback to students, instructors should
determine the availability of technology, as well
as which technologies other instructors and
students currently use.

Face-to-face learning environments can
incorporate technology-based questioning and
real-time tabulation of data from the entire class.
For polling or quizzing students, older-style
student response systems, often called “clickers,’
might be available for classroom use. There are,
however, newer web- and smartphone-based
applications that can perform the same tasks,
and students might feel more comfortable
using their laptops or smartphones to respond
to questions. Poll Everywhere (see Figure 4.1)
allows instructors to create questions before
class, which they then administer and can
immediately see the results of during class.





https://www.polleverywhere.com/how-it-works
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Fratangeli
(2009)

RCT

Meets WWC
group design
standards
without
reservations

Galbraith
(2014)

RCT

Meets WWC
group design
standards
without
reservations

Kennedy et
al. (2013)

RCT

Meets WWC
group design
standards
without
reservations

Participants

84
undergraduate
students

97
undergraduate
students

142
undergraduate
students

Setting

1 university
in the
Mid-Atlantic

1 university
(D)

1 university
(VA)

Intervention Condition

Podcast-Based Lesson:
Students in an introductory
communications class were
given a podcast-based lesson.

(Intervention Duration: 1 lesson)

Instructor-Directed Multimedia

Comparison Condition

Regular Lecture-Based
Lesson: Students in the
comparison group were
given a regular lecture-
based lesson.

Student-Directed

Format and Sequencing:
Students completed an online
family finances learning unit
(total viewing time of 152
minutes). The unit consisted of
12 Learning Objects (LOs). The
instructor sequenced the LOs
and picked one multimedia
format for each LO for the
students in this condition.
The content and assignments
were identical to those in the
comparison condition.

(Intervention Duration: 1 week)

Content Acquisition Podcast

Multimedia Format and
Sequencing: Students
self-directed the LO
sequence and self-selected
the multimedia format

for each LO. The LOs were
available in a variety

of multimedia formats
including text, PowerPoint,
audio, and video.

Reading a Practitioner-

(CAP) with Lecture: Students in
the intervention group watched
a 12-minute Content Acquisition
Podcast (CAP) on phonological
awareness. The CAP contained
three sections: (1) What is
phonological awareness? (2)
Why is phonological awareness
necessary? (3) What are effective
ways of teaching phonological
awareness to students? When all
students completed their work

in the treatment and comparison
conditions, students received the

regularly scheduled lecture for
approximately 90 minutes.

(Intervention Duration: 12 minutes)

Oriented Article: Students
in the comparison group
read a practitioner-
oriented article on the
same topic. This article’s
content aligned to the
content of the CAP, and
students were instructed
to take notes at their
discretion. Students were
allowed to take as much
time as they needed to
read the article.

Outcome

Domain and WWC
Calculated Effect
Size

Academic
achievement:
g=-035

Academic
achievement:
g =+0.50*

Academic
achievement:
g =+0.69*



Outcome
Domain and WWC

Calculated Effect

Participants Setting Intervention Condition Comparison Condition  Size
Rhoads 146 1 university  Podcasted Reviews of Course In-Class Oral Reviews: Academic
(2010) undergraduate in the Material: The intervention Control classrooms achievement:
RCT students Midwest condition in this study involved 5-  received traditional in-class g =+0.13
to 7-minute podcasted reviews of  oral reviews prior to taking
Meets WWC course material, including audio  the exams. Otherwise, the
group design with pictures and slide images, comparison classrooms
standargls with prior to course exams. The course  functioned the same and
reservations was focused on health concepts had the same content
for future teachers; content was and PowerPoint lectures,
delivered via lectures and in-and  assignments, and activities.
out-of-class projects. Professors
allowed for an in-class review
period the day before an exam.
In the intervention condition,
four podcasts on acute infections
and chronic conditions including
asthma, diabetes, and seizure
disorders were created by the
author. The author used the
professors'lecture slides to create
the podcasts, which were vetted
by the professors for accuracy.
Students came to the regularly
scheduled class to view and listen
to the podcasts.
(Intervention Duration: 1
semester)
Trevisan, Oki, Experiment 1: 6 US Time Compressed Animated Traditional Lecture on Video: Academic
& Senger 364 universities  Delivery (TCAD 3D): Students Students in the comparison achievement:
(2010) undergraduate in the intervention condition condition viewed a traditional g = +1.09*
RCT students viewed a Time Compressed lecture on video. The lecture
Animated Delivery (TCAD 3D) consisted of a PowerPoint
Meets WWC teaching follicular dynamics. The plresemation‘vvith intermittent
group design digital animated presentation, views of the instructor,
standards which was explained by voice- and was projected from a
without over, was projected on a large DD e g e
reservations screen for classroom viewing. classrogm vl IR et
of the video-lecture was
(Intervention Duration: 17 minutes) — approximately 34 minutes.
Experiment 6 US Time Compressed Animated Traditional Lecture on Academic
2:273 universities Delivery (TCAD 3D): The TCAD Video: The length of this achievement:
undergraduate 3D content was more in-depth video was approximately g =+0.26*
students compared to Experiment 1 and 23 minutes.
described differential hormone
regulation.
(Intervention Duration: 17 minutes)
Domain Averages for Recommendation 2b Academic

Achievement:
g =+0.35*




Recommendation 3. Incorporate technology that models
and fosters self-regulated learning strategies.

Rationale for Level of Evidence: Moderate

WWC staff and the panel assigned a moderate level of evidence based on four studies that examined the
effectiveness of various strategies to foster or activate student self-regulation (see Table C.3). All four studies
meet WWC group design standards without reservations.®

All four studies provide a direct test of the recommendation. Sullivan (2016) investigated the impact of text
and email course activity reminders in a blended course. Delen and colleagues (2014) studied an interactive
learning environment that included supporting elements such as note taking, additional resources, and
practice questions. Lin and Lehman (1999) examined the use of reason-based, rule-based, and emotion-based
justification prompts in a computer simulation activity. Kauffman and colleagues (2011) explored combinations
of structured matrix or outline note taking with self-monitoring prompts in a web-based learning module.

All studies related to this recommendation reported positive effects for outcomes in at least one outcome
domain. Student academic achievement was assessed in all four studies.® Results of a meta-analysis indicated
a statistically significant positive effect on their achievement in favor of the students receiving self-regulation-
promoting technologies (g = 0.66, p < .05). Student persistence was reported in one study,®” which was
determined by the WWC to be an indeterminate effect (g=0.31,p =.15).

The panel believes that the research supports a moderate level of evidence for this recommendation. The strong
internal validity of the four studies, the largely consistent effects on student academic achievement, and the
range of self-requlation-promoting technologies tested all point to the benefits and broad applicability of the
technologies and interventions tested. This rating is supported by strength of the evidence according to the
following criteria:

* Consistency of Effects on Relevant Outcomes. The evidence for this recommendation focuses primarily
on student achievement outcomes. Three studies related to this recommendation demonstrated consistent
positive effects on academic achievement outcomes, which were measured by instructor- or researcher-
created assessments.®® Two of these three studies demonstrated statistically significant effects when testing
more robust scaffolds of self-regulated learning.# For example, matrix note-taking methods yielded more
positive effects than the outline note-taking method, and reason-justification metacognitive prompts were
more effective than rule-based prompts.

e Internal Validity of Supporting Evidence. The studies supporting this recommendation have strong
internal validity. All four studies were RCTs with low sample attrition that meet WWC group design
standards without reservations.

¢ Relationship Between the Evidence and Recommendation 3. The studies supporting this
recommendation examined interventions that are closely aligned with the recommendation. Each provided
a direct test of the effects of scaffolds designed to support students'use of self-regulated learning strategies.
However, there are many self-requlation-promoting applications that might be used to support this
recommendation that have not been fully tested with rigorous research.

* External Validity of Supporting Evidence. The studies supporting this recommendation have moderate
external validity. Two interventions were delivered in courses and took place throughout an entire semester
or school year,® whereas 10 were shorter in duration and delivered in lab settings.?' The four studies had
small student samples, ranging in size from 20 to 88 students and totaling 291.



Table C.3. Studies providing evidence for Recommendation 3: Incorporate technology that models and
fosters self-regulated learning strategies

Outcome
Domain and WWC

Calculated Effect

Participants Setting Intervention Condition Comparison Condition  Size
Delen, Liew, 80 1 college Online Video-Based Interactive Non-interactive Learning Academic
& Willson undergraduate (TX) Learning Environment: The Environment: Students achievement:
(2014) and graduate learning environment included were given the same g=+1.11*
Additional students a video viewer, interactive overall learning goal,
—— notes, practice questions, content, and scaffolds
Delen (2013) and additional resources that asin the onlm¢ vwdeo—.
students could choose to use to based interactive learning
RCT learn about renewable energy. environment. However,
Meets WWC The environment included they were not able to self-
group design “control buttons”that allowed direct their learning.
standards students to navigate the content
without and self-direct their learning.
reservations (Intervention Duration: 16
minutes)
Kauffman, Experiment 1: 1 college Structured Online Note Taking, Conventional Note Taking: ~ Academic
Zhao,&Yang 20 in the Matrix Method: Students Students took notes on achievement:
(2011) undergraduate Midwest took notes on a 2,000-word a 2,000-word passage g =+0.96*
RCT students passage about wildcats. The about wildcats. The
matrix method organized the conventional method listed
Meets WWC information students neededto  the information students
group design collect into a two-dimensional needed to collect above a
standards table, with labels on the rows and  single text box lacking any
vv/'rhout' columns and text boxes in the structure or labeling.
reservations cells.
(Intervention Duration: 1
laboratory session)
Structured Online Note Academic
Taking, Outline Method: The achievement:
outline method organized the g=-024

information students needed
to collect into three hierarchical
levels with labeled text boxes.

(Intervention Duration: 1
laboratory session)



Outcome
Domain and WWC

Calculated Effect

Participants Setting Intervention Condition Comparison Condition  Size

Kauffman, Experiment 2: 1 college Structured Online Note Taking, Conventional Note Taking:  Academic
Zhao,&Yang 39 in the Matrix Method Plus Self- Students took notes on achievement:
(2011) undergraduate Midwest Monitoring Prompts: Students a 3,500-word text on g=+213*
RCT students took notes on a 3,500-word text educational measurement

on educational measurement that  that was divided into three
Meets WWC was divided into three webpages.  webpages.
group design Students saw a self-monitoring
standards prompt at the bottom of each
without webpage that encouraged them
reservations to review their notes before

moving on to the next page.
(continued) 9 Pag

(Intervention Duration: 1
laboratory session)

Structured Online Note Taking, Academic
Matrix Method Without Prompts achievement:
g=+1.36%

(Intervention Duration: 1
laboratory session)

Structured Online Note Taking, Academic
Outline Method Plus Self- achievement:
Monitoring Prompts g=+046

(Intervention Duration: 1
laboratory session)

Structured Online Note Taking, Academic
Outline Method Without Self- achievement:
Monitoring Prompts g=+035

(Intervention Duration: 1
laboratory session)



Participants Setting

Comparison Condition

Intervention Condition

Outcome

Domain and WWC
Calculated Effect
Size

Lin & 88
Lehman undergraduate
(1999) students

RCT

Meets WWC
group design
standards
without
reservations

1 college
in the
Midwest

Sullivan 64
(2016) undergraduate
RCT students

Meets WWC
group design
standards
without
reservations

1 college in
the South

Domain Averages for Recommendation 3

Reason Justification
Metacognition Prompts: Students
were prompted to provide
reasons for their actions at three
points during a biology lab
simulation.

No Metacognition Prompts

(Intervention Duration: 1 biology
laboratory session)

Rule Based Metacognition
Prompts: Students were
prompted to explain rules or
procedures.

No Metacognition Prompts

(Intervention Duration: 1 biology
laboratory session)

Emotion Focused Metacognition
Prompts: Students were prompted
to reflect on their feelings.

No Metacognition Prompts

(Intervention Duration: 1 biology
laboratory session)

Placebo Email Messages:
Placebo messages
contained several practice
questions before each quiz
and the final exam.

Text Message-Based Course
Activity Reminders: These
reminders directed students’
attention to what they needed
to do at specific time points
during the course, and reminded
students regularly about the due
dates and deadlines for tasks and
assignments. The frequency and
level of detail in the reminders
tapered out over the course of
the semester.

(Intervention Duration: 1 semester)

Email-Based Course Activity Placebo Email Messages

Reminders

(Intervention Duration: 1
semester)

Academic
achievement:
g =+0.99*

Academic
achievement:
g=+034

Academic
achievement:
g=+023

Academic
achievement:
g=+0.54

Credit accumulation
and persistence:
g=+0.38

Academic
achievement:
g=+057

Credit accumulation
and persistence:
g=+024

Academic
achievement:
g =+0.66*

Credit
accumulation and
persistence:
g=+0.31




Recommendation 4. Use technology to provide timely
and targeted feedback on student performance.

Rationale for Level of Evidence: Moderate

WW(C staff and the expert panel assigned a moderate level of evidence based on eight studies (see Table C.4).
Five studies meet WWC group design standards without reservations.?? Two studies meet WWC group design
standards with reservations.” One study that tested multiple interventions reported on comparisons that
meet group design standards without reservations and comparisons that meet group design standards with
reservations.”

Of the 10 interventions studied for this recommendation, six focused directly on technology-supported feedback
in various forms. Four of the studies involved the use of student response systems in college classrooms.”> One
intervention was a student response system application in which students answered questions before class.?
One intervention involved targeted, correct/incorrect feedback within a simulated learning task.”” Results of a
meta-analysis of these six studies evidenced a statistically significant positive impact on academic achievement
in favor of technologies that employed timely and targeted feedback (g = 0.37, p < .01).

The other four interventions studied involved online courses, a key component of which is embedded
assessments with targeted and timely feedback for each instructional activity.® All four studies reported findings
on student achievement, and one reported findings on credit accumulation and persistence. Results of a meta-
analysis indicated a positive effect for the interactive courses on student achievement, but this effect is not
statistically significant (g =0.11, p = .14). The impact on credit accumulation in the one study (Bowen, Chingos,
Lack, & Nygren, 2014) that measured it was positive and statistically significant (g = 0.19, p < .05). The panel
could not isolate the impact of feedback from the impact of other elements of the online courses such as high-
quality text and graphics or practice activities; still they believe that the incorporation of assessment and tailored
feedback into every learning activity within these courses is a critical part of these interventions.

The strong internal and external validity of the supporting studies, the range of feedback technologies tested,
and the largely consistent effects on student academic achievement have led the panel to assign a moderate
level of evidence to this recommendation. This rating is supported by strength of the evidence according to the
following criteria:

* Consistency of Effects on Relevant Outcomes. As expected for technologies that are used mainly
within single courses, rather than across students'full schedules, the evidence focuses primarily on
student achievement outcomes. One study, however, also examined the impact of feedback-facilitating
technologies on another outcome of interest for this guide (i.e., effects on credit accumulation). The eight
studies supporting the recommendation found both positive and indeterminate effects in the academic
achievement domain. Five studies found statistically significant positive effects on outcomes in the
academic achievement domain,”” and five studies found indeterminate effects in this domain.'® One of the
studies that found indeterminate effects on academic achievement also found positive effects on credit
accumulation and persistence.'”’

* Internal Validity of Supporting Evidence. The eight studies exhibit strong internal validity. Five studies
were RCTs with low attrition that meet WWC group design standards without reservations.'” One study was
an RCT with high attrition that meets WWC group design standards with reservations.'” One study tested
three interventions in different experiments, two of which were RCTs with low attrition that meet WWC group



design standards without reservations, and one of which is an RCT with high attrition that meets WWC group
design standards with reservations.'™ One study was a QED that meets WWC group design standards with
reservations.'®

e Relationship Between the Evidence and Recommendation 4. Four studies involved the use of either
student response systems or other technologies to provide targeted feedback.'® These studies directly tested
the recommendation. The Interactive Learning Online and Open Learning Initiative interventions, examined
in four studies, include feedback components as part of more comprehensive intervention models that help
students learn more productively by designing instruction and delivering content using varied, personalized,
and accessible digital resources (see Recommendation 2).'” Though the evidence includes several types of
technologies, such as student response systems and online courses with embedded feedback systems, there
are other technologies for which no evidence that meets WWC standards was located.

* External Validity of Supporting Evidence. The student samples across all studies included 1,356 students
in 13 postsecondary institutions. Both 2- and 4-year colleges are represented in the study samples. The
interventions occurred during the academic year and were tested in natural classroom and campus settings.

Table C.4. Studies providing evidence for Recommendation 4: Use technology to provide timely and
targeted feedback on student performance

Outcome
Domain and WWC

Calculated Effect

Participants Setting Intervention Condition Comparison Condition  Size

Jones, Experiment 1: 1 collegein  iClicker Classroom Response No CRS Academic
Crandall, 49 the South System (CRS): Students used achievement:
Vogler, & undergraduate the iClicker CRS to answer eight g=+0.12
Robinson students multiple-choice questions for
(2013) credit.
RCT (Intervention Duration: 2 lectures)
z(petm;;vr;tc]: Experiment 2: 1 collegein  iClicker CRS for Credit iClicker CRS Not for Credit Academic

eets : .
group design 39 Ry (Intervention Duration: 2 lectures) acb\egeSrgfnt
standards undergraduate g=A+0
without students
reservations Experiment 3: 1 collegein  Mobile Ongoing Course MOCA Response System Academic
Experiments 39 the South Assessment (MOCA) Response Not for Credit achievement:
2and 3 undergraduate System for Credit: Students g=+0.71*%

answered 10 questions for credit
outside of class time prior to the
two unit lectures.

Meets WWC students
group design

standards with
reservations (Intervention Duration: 2 lectures)



Outcome
Domain and WWC

Calculated Effect

Participants Setting Intervention Condition Comparison Condition  Size
Moreau 113 1 college Clickers: Students answered Business As Usual: Academic
(2009) undergraduate (PA) 12-15 questions using clickers Comparison sections had achievement:
RCT students during the first 30 minutes of the same lesson, examples, g =+0.38
class, and were allowed to discuss  practice problems,
Meets WWC responses with their neighbors. homework, quizzes, and
group design During the next 30 minutes, tests as intervention
standards with new material was presented and  sections, but they did not
reservations students answered 2-3 questions  have embedded questions
using clickers to reinforce these and did not use clickers.
concepts.
(Intervention Duration: 1
semester)
Perez & 27 1 college Socratic Agent (Microsoft’s Text Feedback: A message  Academic
Solomon undergraduate (FL) Genie): Students received informed students that achievement:
(2005) students feedback from an animated anincorrect choice had g=+0.03
RCT genie when they made an been made but provided
incorrect choice during a no hints about the correct
Meets WWC computer-based simulation of an  answer.
group design electronics disassembly task.
standards } ;
. (/ﬁtervent/on Duration: 20-45
reservations Tl es)
Yourstone, 190 1 college Clicker Quizzes: Students took 21 Paper and Pencil Quizzes: Academic
Kraye, & undergraduate (NM) quizzes using clickers. Each quiz Students could answer the  achievement?
Albaum students included 7-12 questions. For each  quiz questions in any order
(2008) question, the instructor provided  as long as they did not
RCT a set amount of time, depending  spend a total of more than
on the type of question. At 15 minutes on the quiz.
Meets WWC the end of allotted time for Quizzes were returned the
group design each question, students were following week, and at that
standards shown the number of students time students could ask
without who selected each response about questions they got
reservations option and the correct option. wrong.

For questions in which many
students answered incorrectly,
the instructor explained the
correct answer to the class.

(Intervention Duration: 1
semester)

Domain Averages for Recommendation 4 (studies not testing ILO and OLI)

Academic
achievement
g =+0.37*




Participants

Setting

Intervention Condition

Outcome
Domain and WWC
Calculated Effect

Bowen, 605

Chingos, undergraduate
Lack, & students
Nygren

(2014)

Additional
source:

6 public
universities
(NY and
MD)

Bowen,
Chingos,
Lack, &
Nygren
(2012)

RCT

Meets WWC
group design
standards
without
reservations

Evans, Yaron, 45 1 university
& Leinhardt undergraduate (PA)
(2008) students

Additional
source:

Evans (2007)
RCT

Meets WWC
group design
standards

without
reservations

Interactive Learning Online (ILO):

Students assigned to the hybrid
statistics courses participated in
ILO, which included machine-
guided instruction and face-
to-face instruction each week.
These sections were delivered

in a hybrid mode, in which

most of the instruction was
delivered through interactive
online materials, but the online
instruction was supplemented
by a weekly 1-hour face-to-

face session, so that students
could ask questions or be given
targeted assistance by the
instructor. The ILO intervention
included textual explanations of
concepts, worked examples, and

practice problems. Students were

also required to manipulate data
using statistical software.

(Intervention Duration: 1
semester)

OLI Stoichiometry Review

Course: This course includes an
overarching real-world story, an
exploratory virtual laboratory, a
variety of practice contexts, and
immediate feedback on actions
and submitted responses.

(Intervention Duration: 20-25
hours)

Comparison Condition  Size
Face-to-Face Instruction: Academic
Students assigned to achievement:
the traditional statistics g=+0.09

courses were taught
introductory statistics as it
is usually offered at their

Credit accumulation
and persistence:

institutions with face-to- g=+0.19%
face instruction.

Text-Only Study Guide: Academic
Students assigned to the achievement:
comparison group were g =+0.63*

given a text-only study
guide. The study guide
covers the same content
as the online review course
but does not include the
overarching story, dynamic
interface, or feedback.

The review guide takes an
estimated 12 to 15 hours
to complete.




Participants

Setting

Intervention Condition

Comparison Condition

Outcome

Domain and WWC
Calculated Effect
Size

Lovett,
Meyer, &
Thille (2008)

Additional
Source:

Lovett,
Meyer, &
Thille (2010)

RCT

Meets WWC
group design
standards
without
reservations

Schunn &
Patchan
(2009)

QED

Meets WWC
group design
standards with
reservations

61
undergraduate
students

188
undergraduate
students

1 university
(PA)

Large,
public
research
institution
in the US

Open Learning Initiative (OLI),

Traditional Course:

Accelerated Course: Students
enrolled in an interactive online
statistics course. Students in

the OLI course acquired most

of the course content online,
meeting with an instructor
approximately two times a
week for 50-minute sessions to
ask questions and review more
challenging material. The course
was completed in an accelerated
format (8 weeks instead of 15).

(Intervention Duration: 8 weeks)

Open Learning Initiative (OLI),

Students received
traditional instruction in
a 15-week introductory
statistics course. The
content was the same
as that delivered in the
intervention condition.

Traditional Course:

Logic and Proofs Course:
Students enrolled in an
interactive online logic and
proofs course. This course
combined online instruction with
a small amount of targeted face-
to-face instruction.

(Intervention Duration: 13 weeks)

Domain Averages for Recommendation 4 (studies testing ILO and OLI)

Students received
traditional instruction in a
13-week logic and proofs
course. The content was
the same as that delivered
in the intervention
condition.

Academic
achievement:
g =+0.55%

Academic
achievement:
g=-0.10

Academic
achievement
g=+0.11

Credit
accumulation and
persistence:
g=+0.19*




Recommendation 5. Use simulation technologies that help
students engage in complex problem-solving.

Rationale for Level of Evidence: Minimal

WW(C staff and the panel assigned a minimal level of evidence based on two studies that examined the effects

of a web-based simulated problem-based learning experience (see Table C.5). One study meets WWC group
design standards without reservations'® and one study meets WWC group design standards with reservations.'®
The studies examined the effects of a 90-minute game-based immersive-world exercise''” and a semester-long
community health simulation" on student academic achievement, as measured by a short content test and scores
on a final exam, respectively. Results of a meta-analysis of these two studies indicate that web-based simulated
problem-based learning experiences have a statistically significant positive impact on academic achievement
(g=0.99,p<.01).

The two studies that meet standards and that are used as evidence to support this recommmendation involve the
use of a computer simulation and games. The successful use of simulations and immersive technologies in medical
education, health care delivery, and military and job training points to the promise of using technology to simulate
complex problems that can be presented to and solved by students in other areas of postsecondary education.'"
The minimal evidence rating assigned to this recommendation is due to the limited research evidence that meets
WWC standards and the low level of external validity of that evidence. As technologies for simulating complex
problems continue to develop and their applications for higher education expand, researchers should seek
opportunities to study the impacts of these technologies on learning outcomes.

This rating is supported by strength of the evidence according to the following criteria:

e Consistency of Effects on Relevant Outcomes. The two studies used as evidence to support this
recommendation found positive effects on measures of academic achievement.

e Internal Validity of Supporting Evidence. The two studies were RCTs. One study had low attrition
and meets WWC group design standards without reservations." The other study had high attrition and
demonstrated baseline equivalence and meets WWC group design standards with reservations."

e Relationship Between the Evidence and Recommendation 5. The two studies used as evidence to
support this recommendation were direct tests of the recommendation. One study examined the impact of
a web-based immersive-world game.'” The other study examined the impact of a web-based community
health simulation on academic achievement in the context of an upper-level undergraduate health behavior
course."® The panel agreed that the academic achievement measures were testing higher-order thinking skills
and understanding of complex concepts.

* External Validity of Supporting Evidence. The interventions occur in an upper-level undergraduate health
behavior course at a public 4-year university in one study''” and a laboratory setting in the other study.'®
Though the intervention lasted the entire semester in the health behavior course, the intervention was
conducted in a short, 90-minute lab setting in the other study. The sample size across the two studies was
69 students.



Table C.5. Study providing evidence for Recommendation 5: Use simulation technologies that help
students engage in complex problem-solving

Participants  Setting

Intervention Condition

Comparison Condition

Outcome

Domain and WWC
Calculated Effect

Size

Barab et al. 51
(2008) undergraduate
RCT students

Meets WWC
group design
standards
without
reservations

1 large,
Midwestern
university

Spinello & 18
Fischbach undergraduate
(2008) students

Additional
source:

1 college in
the Western
United
States

Spinello
(2004)
RCT

Meets WWC
group design
standards with
reservations

Domain Averages for Recommendation 5

Immersive World Condition:
Students explored a multi-user
virtual environment called the
Taiga Park on a computer, which
simulated an aquatic habitat.

The participants interacted with
other characters within functional
groups in the game. In the game,
participants were provided
information via a first-person
narrative and given options for
their response. They also collected
water samples and brought

them to a virtual laboratory for
analysis. Participants took quizzes
throughout their experience and
complete three quests to report
their findings in the exploration.

(Intervention Duration: 90 minutes)

Web-Based Community Health

Expository Text Condition:
Students were presented
the same information

in a 38-page electronic
textbook on a website.
The contents were broken
down into four separate
instructional water
quality-based activities.
After each section, the
participants were given
the opportunity to review
the contents and then
took the test.

Traditional Project-Based

Simulation: Students were
presented with a web-based virtual
community and tools to intervene
during a simulated infectious
disease outbreak. Components of
the simulation include information
resources, an interactive mapping
tool, an online survey builder that
allows students to design and
administer a survey and receive
simulated results, a synchronous
communication tool that allows
students to conduct interviews
with a virtual patient and physician,
and a dynamic budgeting system.
The web-based simulation
platform allowed for an accelerated
timeline for students to implement
health interventions and monitor
the resulting health outcomes over
the course of a semester.

(Intervention Duration: 1 semester)

Learning Assignment:
Students were assigned

to work with an actual
community to identify
and assess community
health needs and design
and pilot a health behavior
intervention. The semester
timeline prevents students
from observing health
outcomes that may

have resulted from the
intervention.

Academic
achievement:
g=+1.07*

Academic
achievement:
g =+0.85%

Academic
achievement
g =+0.99%

* = statistically significant at the .05 level.
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