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As use of adaptive learning technology in STEM courses gains traction,
studies evaluating its impacts are important to undertake. Adaptive elearning platforms (AELP) provide personalized, flexible learning via
monitoring of student progress and performance and subsequent provision
of an individualized learning path containing various resources. In this
study, adaptive technology was utilized in blended and flipped versions of a
numerical methods course. A particular challenge with flipped instruction is
pre-class preparation, in which videos with the same instruction for all
students are often assigned. Therefore, to diversify pre-class learning, the
instructor developed adaptive lessons via an NSF grant and rigorously
assessed outcomes in this flipped class with adaptive learning. In addition,
to fully evaluate the lessons and respond to calls from the literature, the
lessons were implemented and evaluated in a blended version of the course,
which was lecture-based with available online resources. Data from
previous semesters of flipped and blended instruction (without adaptive
learning were available), enabling a comparison of four instructional
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questions) and affective assessment via a survey (i.e., perceptions of the
classroom environment). An analysis was performed for students
collectively and for underrepresented minority students in engineering.
Focus groups enabled a comparison of student perspectives of using
adaptive technology in blended versus flipped classrooms as well as by
demographic. Upon combining these outcomes, including a notable Cohen’s
d = 0.34 for open-ended-response performance, the flipped classroom with
adaptive learning may be the best method for this STEM course.
Keywords: Adaptive learning, personalized learning, flipped classroom,
blended classroom, numerical methods

1. Introduction and Literature Review
In prior research by the authors with the flipped classroom in a numerical
methods course, a “one size fits all” non-personalized approach to the assigned preclass preparation activity was identified as a challenge in implementing flipped
instruction [1]. To this end, the authors pursued a follow-up study that introduced
adaptive software to flipped and blended implementations of this numerical
methods course for engineering students. Adaptive learning is an online technique
that can personalize learning among a large group of learners. Using learning
algorithms, adaptive software is able to monitor student progress and adjust to
individual needs given a student’s interactions and performance with the software,
resulting in a particular path or learning pace for a student. With the software, a
student encounters various learning formats (e.g., videos, text, graphics, or
simulations), assessments, and immediate feedback as he/she advances along a
customized learning path, which may be a path in which mastery is being
demonstrated or a path in which remediation is being provided [2].
The current article evaluates four methods for teaching this course: 1)
flipped instruction, 2) blended instruction, 3) flipped instruction with adaptive
software, and 4) blended instruction with adaptive software. With the blended
instruction, class time was primarily dedicated to lecture, but with active-learning
exercises infused throughout. With flipped instruction, students watched videos
before class to prepare for in-class active learning. In the authors’ previous study of
flipped versus blended instruction (not involving any adaptive learning), small or
negligible differences between the two methods as measured by exam scores were
found [1].
Adaptive teaching and learning is a means to comprehensively address
learning and educational needs by adapting instruction to individual students [3].
The long-time thought or belief has been that educational success is dependent on
adapting, or changing, instruction to individual-student differences [3]. The
adaptive theory is based on a cycle, in which instruction is initially adapted to
students, with the goal of students eventually learning to adapt to instruction
This article is protected by copyright. All rights reserved.
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independently over time (i.e., be self-adapting or self-regulating) [3]. The traversal
of this cycle is considered key for long-term development, or one’s readiness to
perform with various academic challenges [3]. This theoretical framework guided
our work to address the challenges of pre-class preparation in the flipped
classroom, in which all students are typically assigned the same instructional
videos in a non-diversified fashion.
Various organizations have made calls for or are lending direct support to
personalized learning. The National Academy of Engineering’s call to “Advance
Personalized Learning” was identified as one of the 14 Grand Challenges for
Engineering in the 21st Century [4]. The Association of Public and Land-grant
Universities (APLU) launched a three-year program in 2016 in conjunction with
the Gates’ Foundation in which seven member universities were selected to receive
grants to adopt, implement, and scale the use of adaptive software in large, generaleducation, blended classes [5]. Besides striving to improve student success in these
types of courses, the grant program also aimed to better support low-income, firstgeneration, and students of color [6].
Further, in its 2017 national technology plan (NETP) update, the U.S.
Department of Education endorsed adaptive technology, and in particular adaptive
assessment and testing as the next generation in assessment [7-8]. The 2018
Horizon Report –Higher Education Edition, a publication of the New Media
Consortium and Educause, identified adaptive learning technology and artificial
intelligence as the important technology developments likely to have an impact on
higher education in the next two to three years [9].
However, multiple sources have stated that additional data, testing, studies,
and results on adaptive learning are needed; therefore, the present article makes a
needed contribution to the literature. For example, although Gartner ranked
adaptive learning first on its list of strategic technologies impacting education in
2015, the research firm stated that “A lot of real-world testing remains” [10]. A
Gates’ Foundation program with higher education institutions – the Adaptive
Learning Market Acceleration Program (ALMAP) – strongly called for future
research in the area of blended classroom implementations of adaptive courseware,
having generally found modest learning results with the adaptive implementations
within its program [11]. Likewise, within K-12 public education, the research
demonstrating the merits and effectiveness of adaptive learning has been reported
to be limited [12]. After finding no significant differences in exam scores between
adaptive and traditional learning, a recent journal article called for more research
on adaptive learning [13]. Finally, in an article on adaptive learning in a high
school math course, a lack of rigorous, quantitative evaluation of adaptive systems
was identified, although students felt they could learn independently with this type
of instructional approach [14]. Based on these calls for additional research on
adaptive learning and the stated lack of evaluative studies in this area, it is
proposed that the present study makes a noteworthy contribution to the academic
literature.
Upon a review of the literature, a limited number of evaluative studies of
mixed results were found. For example, there have been recent studies on adaptive
tutorials for engineering mechanics that identify a reduction in failure rates, an
increase in student satisfaction, and highly positive student comments about the
This article is protected by copyright. All rights reserved.
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tutorials [15-16]. In a recent article on the use of adaptive features within an elearning environment in a primary school setting, the adaptive features were
associated with increased student effectiveness, which took into account both
success rate with e-learning exercises and completion time [17]. However, in an
article evaluating an adaptive online system in undergraduate anatomy and
physiology across six schools, no significant overall improvement was found
between sections using an adaptive platform versus those using online quiz
questions. However, there was a significant effect for two schools individually,
both of which were urban community colleges [18]. Interestingly, a community of
practice among engineering mechanics instructors (several from the studies
mentioned above) was pursued to drive adoption of these tutorials [19]. As evident,
adaptive-learning outcomes may be somewhat mixed, although students identify
advantages with adaptive learning. Given this, the following research questions in
the present study aim to contribute to the empirical outcomes for adaptive learning
in the STEM education literature by investigating and comparing blended and
flipped instruction with and without adaptive technology.
RQ1: Are there performance differences on numerical methods multiple-choice
problems upon comparing blended and flipped instruction with and without
adaptive learning? Are differences evident for underrepresented minority
students?
RQ2: Are there performance differences on numerical methods free-response
problems upon comparing blended and flipped instruction with and without
adaptive learning? Are differences evident for underrepresented minority
students?
RQ3: Are there differences in the perceptions of the classroom environment in a
numerical methods course upon comparing blended and flipped instruction with
and without adaptive learning? What are students’ perceptions of adaptive
technology in blended vs. flipped classrooms, and do these perceptions differ by
demographic groups?

2. Methods
2.1 Classroom Implementation: Adaptive Learning Lessons and Instructional
Methods
Using an adaptive e-learning platform (AELP), lessons were initially
developed by a seasoned instructor (i.e., second author) to enhance pre-class
preparation in his flipped numerical methods course for engineers. He then later
used them within a blended-learning version of the course for comparison and
continued evaluation of adaptive learning. With these lessons, each student had a
personalized learning path supported by multiple resources, including videos, text,
quizzes with feedback, and simulations, all of which were combined into a single
online location. Learning and performance were assessed in real time, enabling the
adaptation of the software to the student’s knowledge and skills as well as real-time
feedback. Performance analytics from the software also provided subsequent
feedback to the instructor for class monitoring, identifying topics for which the
students may have been struggling (or excelling) as well as time spent on lessons
by the students, as discussed further in a prior publication in this journal [20]. Each
This article is protected by copyright. All rights reserved.
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video was five to ten minutes in length, and ten percent (10%) of the adaptive
lesson grade was awarded for watching each video, with two videos maximum per
lesson.
As stated, with adaptive learning technology, a student is taken down a
particular learning path, depending on his/her performance on quiz questions,
thereby adapting the learning to the learner’s needs. For example, for the lesson on
the Newton Raphson method of finding roots of nonlinear equations, students
answered questions after the video. If a student answered incorrectly, a textual
format of the video was presented for further instruction. If the student still failed
to answer all questions, a pre-requisite lesson was then presented. A flowchart
showing this progression is given in Figure 1.
Figure 1.Adaptive Learning Flowchart.

This article is protected by copyright. All rights reserved.
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With the present study, the flipped approach with adaptive learning was
used and evaluated during two semesters (fall 2017 and spring 2018). Four
numerical methods topics out of the eight covered in the course were available in
the AELP for this exploratory implementation of adaptive learning - nonlinear
equations, simultaneous linear equations, regression, and integration. Lessons for
the course topics of scientific computing, differentiation, interpolation, and
ordinary differential equations were not available for this preliminary
implementation. With previous flipped classroom implementations without
adaptive learning, students would watch the videos, read the online textbook, and
take online quizzes prior to class. The flipped approach without adaptive learning
was used during two semesters (fall semesters 2014 and 2015). Typical content and
assessment elements of an adaptive lesson that was developed for this course are
shown in Figure 2, using the LU Decomposition method as an example.
Figure 2. Typical Adaptive-Lesson Content.

The blended instructional approach was used during three semesters (spring
semesters 2014, 2015, and 2017). Class time was spent on lecturing of new
content, clicker use, peer-to-peer learning, instructor discussion, and outlining of
solutions to problems. Although students had access to the online videos, they were
not expected to watch them before class, except those videos covering topics that
were pre-requisites for the course. The ratio of lecture time to active-learning time
was estimated to be 2:1 on average. The blended approach with adaptive learning
was used and evaluated during the spring 2019 semester, and the same four AELP
topics were available to students. With the blended classroom, the adaptive lessons
were assigned after the material was covered in lecture, and students received
course points for completing the lessons, as during the flipped version of the
course.

This article is protected by copyright. All rights reserved.
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2.2 Assessment Methods: Exam Comparisons and Student Focus Groups and
Surveys
An established assessment approach developed and utilized for prior NSF-funded
research on blended versus flipped instruction was adopted for the present study
with adaptive learning [1, 21]. The assessment approach consisted of student focus
groups and surveys, instructor interviews, and multiple-choice and free-response
exam-question comparisons. Students’ perspectives on adaptive technology were
gathered and assessed via focus groups, and the classroom environment was
assessed via survey. The multiple-choice and free-response comparisons from the
final exam served to directly assess students’ achievement associated with the
various methods of instruction.
Final exam results could be compared across four instructional methods
because the exam and instructor (i.e., second author) remained exactly the same for
all semesters. In addition, to drive consistency and reliability in grading the freeresponse questions over time, a holistic rubric was used. The scale corresponded to
the student’s demonstration of his/her understanding of the problem as follows: 0:
no understanding; 1: little understanding with many requirements missing; 2:
partial understanding with most requirements completed; 3: considerable
understanding with all requirements completed; and 4: complete understanding
with all requirements completed. An analysis of covariance (ANCOVA), in which
the student’s GPA from his/her pre-requisite coursework served as the control, was
used for the statistical comparisons of the exam results. For all students collectively
as well as for the URM students, there was an adequate sample size of
approximately n ≥ 30 to run the parametric version of ANCOVA, as shown in
Tables 3 and 4 [22]. Cohen’s 𝑑 effect sizes for all pairs of means were calculated
as a measure of the practical significance of the difference between the means [2325]. Both the p-value and effect size should be reported to depict the complete
picture of significance, both statistical and practical significance, respectively [23,
25]. When calculating the effect sizes, the method without adaptive technology was
considered the reference or control category, since adaptive technology was
introduced to potentially enhance instruction. Further, the blended method was
considered the reference when comparing it to the flipped methods.
To investigate the third research question, focus groups and a classroom
environment survey were used. Specifically, Fraser’s College and University
Classroom Environment Inventory (CUCEI) [26], which measures seven
psychosocial dimensions of the classroom, was administered anonymously. These
seven dimensions, which are defined at the bottom of Table 5, are cohesiveness,
individualization, innovation, involvement, personalization, satisfaction, and task
orientation [26]. The CUCEI was chosen to study the classroom environment
because several of its dimensions are typical goals of the flipped classroom,
including student cohesiveness, individualization, innovation, involvement, and
personalization. With adaptive learning, individualization, or individual or
differential treatment according to ability or pace, is a key goal. A non-anonymous
demographics survey enabled a collection of ethnic and racial data for investigating
the achievement of underrepresented minority (URM) students with adaptive
learning. The authors considered this to be a valuable investigation, as did Freeman
et al. in their highly impactful 2014 paper on active learning [27]. Freeman et al.
This article is protected by copyright. All rights reserved.
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recommended additional “second-generation” research to test those types of active
learning that may be best for certain populations, stating that URM students may
benefit most from learning that is active [27].
Focus groups were conducted in the classrooms with adaptive learning (i.e.,
both flipped and blended versions) to examine students’ perspectives on adaptive
software and compare their perspectives in flipped versus blended environments. In
addition, to examine the perspectives of different demographics, two focus groups
per semester were conducted, one with each of the following groups: 1) the
majority group in engineering (i.e., white males), and 2) the non-majority group
(i.e., students who were “other than” white males. There were between four and
seven students per focus group, for a total of 30 participants across the various
focus groups. A sample of the focus group questions is shown in Table 1.
Table 1.Focus Group Questions.
The first author, who served as the assessment analyst for the project, and
an upper-level undergraduate engineering student performed a content analysis
(i.e., coding) of the focus group data [28]. The coding scheme had been developed
earlier as part of this adaptive-technology research and is shown in Table 2 [29].
Using this coding scheme, each analyst independently coded the student responses,
and they later discussed their codes before assigning final codes to each response,
with multiple codes per response possible. Thus, the focus group data were doublecoded. Nonetheless, the first-time interrater reliability in the coding of the
responses to the questions in Table 1 using this coding scheme was calculated as
Cohen’s κ=0.77, showing strong agreement beyond chance [22].
Additionally, for questions 1 through 3 in Table 1, the responses were
coded in one of three possible ways – 1) positive, 2) negative, or 3) mixed/neutral.
Mixed/neutral responses typically consisted of a combination of positive and
negative statements or contained statements that were neutral or unclear. For the
coding of Q1-Q3 as positive, negative, or mixed, Cohen’s κ=0.81, showing strong
agreement. For Q4 from Table 1, the responses were also coded in one of the
following three ways: 1) No difference, 2) Learning of AELP topics better/AELP
preferred, or 3) Learning of AELP topics not better/AELP not preferred. For this
coding, Cohen’s κ=0.87 showing strong agreement.
Table 2.Coding Scheme for Focus Group Data.
Using the focus group data, differences in the percentages of codes from
Table 2 for the flipped versus blended classrooms as well as for the two
demographic groups were statistically tested using Fisher’s Exact Test, which was
used in lieu of a z-test of proportions because many of the numerator values were
small [30]. The odds ratio (OR) was used to assess practical significance, as it
provides a measure of effect size for binary variables [23]. OR values of 3 or higher
are considered large, and values of between 2 and 3 are medium.
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3. Results
3.1 Direct Assessment of Learning: Exam Comparisons
To assess performance associated with each of the four instructional methods in a
direct manner (i.e., the first and second research questions), multiple-choice and
free-response results from the final exam were compared using an analysis of
covariance. This was done for all participating students collectively and for
underrepresented minority (URM) students, as shown in Table 3. The sample sizes
available for each of the instructional methods were as follows: 188 for blended
(i.e., blended non-adaptive, or BNA); 68 for blended with adaptive learning (BA);
88 for flipped (i.e., flipped non-adaptive, or FNA), and 146 for flipped with
adaptive learning (FA). “Blended non-adaptive” and “flipped non-adaptive” refer
to these instructional methods without the use of adaptive technology. Overall,
there was demographic and exam data from 72% of the enrolled students for this
analysis, with the following percentages for each instructional method: 67% for
blended without adaptive technology (BNA), 75% for flipped without adaptive
technology (FNA), 74% for blended with adaptive technology (BA), and 76% for
flipped with adaptive technology (FA).
Table 3.Multiple Choice Question Comparison: Four Methods.
For all students collectively as well as for URM students, the top
performance percentage on the multiple-choice questions was associated with
flipped non-adaptive instruction (FNA) (i.e., flipped instruction without adaptive
learning), with percentages of 65.1% and 65.2%, respectively. These are given by
the covariate-adjusted mean percentages in Table 3. The p-value from the
ANCOVA comparing these four means for all students was p=0.025, which when
adjusted for multiple comparisons using the Bonferroni adjustment, was still
significant at α=0.05 [31]. A p-value for an ANCOVA represents the same quantity
as the p-value for any other statistical test, such as a t-test or ANOVA. Thus, since
two tests were run (i.e., for all students and URM students), the p-value of 0.025
from the ANCOVA for all students was multiplied by a factor of two, as given in
the “p adj” column.
Thus, the four instructional methods were not all associated with the same
mean achievement scores. An examination of the Cohen’s 𝑑 pairwise effect sizes
for all students collectively showed the largest effect size to be associated with
flipped non-adaptive instruction (FNA) relative to blended instruction with
adaptive learning (BA), with a near-medium effect size of 𝑑=-0.47. In this case,
FNA (flipped without adaptive learning) was considered to be the reference or
control category relative to blended with adaptive technology (BA), since adaptive
technology was introduced to potentially enhance both the blended and flipped
classrooms. There was also a notable effect size associated with flipped nonadaptive instruction (FNA) relative to flipped instruction with adaptive learning
(FA) of 𝑑=-0.32. The analogous effect sizes for the URM population were 𝑑=-0.40
and 𝑑=-0.41, respectively. Thus, the multiple-choice results, both overall and for
the URM students, did not favor adaptive learning in either the blended or flipped
classrooms, in particular, relative to flipped instruction without adaptive
technology (FNA). A comparison of flipped with adaptive (FA) and blended with
This article is protected by copyright. All rights reserved.
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adaptive (BA) teaching showed a small effect of 𝑑=0.15 in favor of FA for all
students collectively. A limitation of these results are they are from one institution
only and exam performance, and in particular multiple-choice performance, tends
to be a short-term measure, as opposed to outcomes that may be apparent once
students begin their careers.
However, the outcomes were different for the free-response results on the
final exam (i.e., the second research question). For all students collectively, the
most favourable results were associated with the flipped classroom with adaptive
technology (FA), which had the highest adjusted achievement percentage of
44.4%, as shown in Table 4. Conversely, the blended with adaptive approach (BA)
was associated with the highest achievement percentage for the URM students.
Although there were no significant differences in the mean percentages after
applying Bonferroni’s correction for multiple comparisons (p adj in Table 4), the
effect sizes associated with adaptive learning (either with flipped or blended
instruction) were small to medium in favor of adaptive learning for the freeresponse questions. The Cohen’s 𝑑 effect size was 𝑑=0.34 when comparing flipped
adaptive (FA) to flipped non-adaptive (FNA) for all students combined. For the
URM students, the analogous effect size was 𝑑=0.38. Slightly higher were the
effect sizes for blended instruction with adaptive (BA) relative to BNA and FNA
for URM students, with 𝑑=0.41 and 𝑑=0.48, respectively. FA had a small effect
size compared to BA for all students combined (𝑑=0.22). These outcomes are
promising for adaptive learning in the flipped or blended classroom, in particular
for URM students, with respect to more open-ended engineering problems.
Table 4.Free-Response Question Comparison: Four Methods.
An assessment of DFW rates, or the occurrence of D, F, or W (i.e., withdrawal)
grades for the course, showed low values across the four instructional methods in
the range of 4%-13%. Blended with adaptive learning was associated with the
lowest rate of 4%, and flipped with adaptive was associated with the highest rate of
13%. However, the assessment was not focused on DFW rates, as the final exam
was considered to be the better tool for rigorously measuring cognitive and content
achievement across the four methods. The final exam was objective, cumulative,
and examined all levels of Bloom’s taxonomy.

3.2 Assessment of the Classroom Environment
The College and University Classroom Environment Inventory (CUCEI) was used
to compare the classroom environment among the four instructional methods (i.e.,
third research question). An overall CUCEI response rate of 65% of enrolled
students was obtained, with the following response rates by instructional method:
66% for blended without adaptive learning (BNA), 66% for blended with adaptive
(BA), 75% for flipped without adaptive (FNA), and 56% for flipped with adaptive
(FA). Although the response rate was relatively lower for FA (being limited by
those students willing to participate), it nonetheless constituted a majority of the
enrolled students. The classroom-environment sample sizes for each method are
given at the bottom of Table 5.
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A multivariate analysis of variance (MANOVA) was used to compare the
four instructional methods, given the seven outcome variables (i.e., dimensions) of
the CUCEI classroom environment inventory, as depicted in Table 5 [22, 32].
Tamhane’s T2 post-hoc tests, which do not assume equal variances, were used to
identify the paired dimensions that significantly differed. Cohen’s 𝑑 effect sizes for
all pairs of means were calculated, as shown in Table 5.
The omnibus MANOVA test indicated a significant effect of the
instructional method on the classroom environment (p<0.0005). The classroom
environment was rated highest for flipped with adaptive learning (FA) on four of
the seven dimensions. The follow-up univariate ANOVA tests indicated a
significant difference at α = 0.05 for three of these dimensions after correcting for
multiple comparisons using the Bonferroni adjustment (i.e., multiplying each
univariate p-value by 7). These three dimensions were Individualization,
Personalization, and Task Orientation. The Individualization dimension measures
individual or differential treatment according to ability or pace as well as student
decision making power and is thus directly related to the goals of adaptive learning.
This dimension was rated significantly higher with near-medium effect sizes for
flipped with adaptive (FA) versus either flipped or blended instruction without
adaptive learning, as shown in Table 5 by the Tamhane post-hoc values and
Cohen’s 𝑑 effect sizes of 0.43 and 0.48, respectively. With the Individualization
dimension, a comparison of FA versus BA resulted in a highly significant
difference (p<0.0005) and a large effect size (𝑑=0.85) in favour of the flipped
classroom with adaptive learning (FA). Effect sizes of absolute value of 0.40 or
higher were made bold in Table 5.
For the Personalization dimension, which assesses interaction with the
instructor and concern for student welfare, the flipped adaptive learning (FA)
classroom was rated significantly higher than the blended adaptive (BA) classroom
(p=0.001), with a medium effect size of 𝑑=0.68. For this same dimension, the
flipped with adaptive (FA) was also rated significantly higher than the flipped nonadaptive (FNA) classroom, with p=0.001 and medium 𝑑=0.60. For the Task
Orientation dimension, which measures clarity and organization of assignments
and activities, FA was rated significantly higher than FNA (p=0.002) with a
medium effect size of 𝑑=0.53. FA was also rated significantly higher than BA with
a near-medium effect size of 𝑑=0.47. For the Involvement dimension, although
significant differences were not found after Bonferroni’s adjustment, there was a
near-medium effect size of 𝑑=0.41 in favour of FA compared to BA. Thus, from an
overall perspective, the flipped classroom with adaptive learning (FA) was the
favoured classroom environment relative to the blended classroom with adaptive
learning (BA) as well as the two types of classrooms without adaptive learning.
Table 5.Classroom Environment Comparison: Four Methods.

3.3 Focus Groups: Evaluation of Adaptive Learning
In investigating student perceptions of adaptive technology as part of the third
research question, a series of focus groups were held. A total of 30 students
participated in the various focus groups. The following section discusses the results
of the content analysis of the focus group responses by both instructional method
This article is protected by copyright. All rights reserved.
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(i.e., blended vs. flipped) and demographic group (i.e., white males vs. other-thanwhite-males). Each of the four focus-group questions were analyzed individually.
Question 1 is as follows:
Question 1: Did the adaptive platform impact your learning or understanding more
so than other methods for studying, learning, or reviewing content? Why do you feel
this was the case?

As shown in Table 6, the percentage of responses with predominantly positive
sentiments was greater than the percentage with predominately negative
sentiments, regardless of blended vs. flipped instruction, demonstrating the positive
impact of the adaptive platform on learning in general. The same was true in Table
7 for the analysis by demographic group. The percentages of positive and negative
responses were calculated by dividing the number of each type of response (i.e.,
positive or negative) by the number of focus group participants for the particular
method or demographic group. For all focus group questions, since some responses
did not address the particular question in a relevant way, not all responses could be
coded as positive, negative, or mixed, and so the percentages do not necessarily
add to 100%.
Table 6. Focus Group Q1: AELP Learning Impact: Positive/Negative by Method
In Table 6, the percentage of responses from the blended classroom that were
predominantly positive regarding the differentiated impact of the adaptive elearning platform (AELP) was higher than the percentage from the flipped
classroom (60% vs. 35%), and this corresponded to a medium effect size of 2.79
based on the odds ratio (OR), with the blended approach represented in the
numerator. Conversely, there was a large effect size of OR=3.00 when comparing
the corresponding negative percentages in Table 6, with the flipped classroom
associated with 25% of responses with predominantly negative feelings to Q1
compared to 10% in the blended classroom.
As shown in Table 7, the percentage of non-majority (i.e., other-than-white-male)
responses with predominantly positive responses to the differentiated impact of the
AELP on learning was higher than the percentage of white male responses (50%
vs. 38%), although this corresponded to a small effect size of OR=1.67. The
analogous percentage of negative responses was higher for the white male students
(25% vs. 14%), with a medium effect of OR=2.00. The differences in these various
positive and negative percentages discussed in Tables 6 and 7 were not
significantly different based on Fisher’s Exact test [30].
Table 7: Focus Group Q1: AELP Learning Impact: Positive/Negative by
Demographic
Based on a content analysis of the responses to question 1 as summarized in Table
8, the positive impact of the adaptive platform on learning was most frequently
associated with the MAT PREP category (Table 2), which encompasses lecture
preparation, understanding of the material, increased exposure, and accountability.
This was regardless of the demographic group or instructional method. The
CONVENIENCE category was consistently associated with at least 20% of the
responses to question 1 about the differentiated impact of the AELP on learning.
This article is protected by copyright. All rights reserved.
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CONVENIENCE was associated with all resources being in one online location, a
guided approach, re-watching of videos on one’s own time, and/or the re-doing of
questions. The negative perceptions of the white males were most frequently
associated with the NOT CLEAR code (25%), which was assigned when the
student indicated the AELP was not clear about what had been done wrong, why it
was wrong, nor provide the solution. In the flipped classroom, the negative
responses were also most frequently associated with NOT CLEAR (20%) as well
as ACCESS (20%), which was assigned when there was a lack of desired access to
lessons, questions, or other resources.
Table 8. Content Analysis of Focus Group Q1 on AELP Learning Impact
A non-majority (other-than-white-male) student from the blended classroom stated,
“I saw a positive difference. If I was incorrect, I received automatic feedback and
saw text, like for the derivations. The videos were repetitive relative to what was
taught in class, actually verbatim. I liked the quizzes. I liked the adaptive
platform.” Another non-majority student from the flipped classroom stated, “I
went over the material earlier and so would have to re-learn it later, which helped
me. So, I had several times of being exposed to the same material…”
Question 2: Discuss your satisfaction with the adaptive software and the reasons for
it.

Focus group question 2 investigated students’ satisfaction with the AELP. The
percentage of responses from the flipped classroom with predominantly positive
feelings of satisfaction with the AELP was greater than the percentage from the
blended classroom (30% vs. 20%) as shown in Table 9, although this difference
was not significantly different and had a small effect size of OR=1.71. The same
was true for the percentage of responses with predominantly negative feelings of
satisfaction with the AELP. This percentage was also higher for the flipped
classroom versus the blended classroom (35% vs. 10%), and in this case, the effect
was large at OR=4.85.
Table 9. Focus Group Q2: AELP Satisfaction: Positive/Negative by Method
Based on the content analysis in Table 11, positive satisfaction in the flipped
classroom was most-frequently associated with CONVENIENCE of the AELP
(30%), where all resources were available from one online location, a guided
approach was provided, videos could be re-watched on one’s own time, and
questions could be re-done. Negative feelings of satisfaction in the flipped
classroom were most frequently associated with ACCESS issues (40%), although
NOT CLEAR was again a prominent category both in the flipped (25%) and
blended (30%) classrooms.
As shown in Table 10, the percentage of non-majority (other-than-white-male)
students with predominantly positive responses related to their satisfaction with the
AELP was much higher than the percentage of white males (43% vs. 13%), and
this was associated with a large effect size of OR=5.25. This satisfaction was most
frequently associated with CONVENIENCE (29%), as shown in Table 11.
Table 10. Focus Group Q2: AELP Satisfaction: Positive/Negative by Demographic
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For the white males, with the higher percentage of predominantly negative
responses (31%), the lack of satisfaction was most frequently associated with
ACCESS issues (63%). NOT CLEAR was also a prevalent concern in Table 11,
regardless of the group, always being associated with at least 20% of participants.
Table 11. Content Analysis of Focus Group Q2 on AELP Satisfaction
Question 3: Did the adaptive learning software impact your engagement with the
course material?

The use of adaptive technology was associated with more predominantly positive
responses regarding student engagement with course material in the flipped
classroom (55%) versus in the blended classroom (10%), as shown in Table 12.
This difference was significant based on Fisher’s Exact test (p=0.0235), and the
effect size was large at OR=11.00.
Table 12. Focus Group Q3: AELP & Engagement: Positive/Negative by Method
Relatively more white male responses (44%) were predominantly positive
regarding the impact of the AELP on their engagement, although this difference
was not significant and the effect size was small at OR=1.40, as shown in Table 13.
Table 13. Focus Group Q3: AELP & Engagement: Positive/Negative by
Demographic
In the flipped classroom, MAT PREP was the topic most frequently mentioned
when engagement with course material was discussed (35%; Table 14), and this is
expected given the nature of the flipped classroom in which students are held
accountable to prepare outside of class so as to fully engage in the active learning
during class. Notice that the mention of MATPREP is relatively less frequent in the
blended classroom, where students are not expected to complete the adaptive
lessons before class (10% in Table 14). CONVENIENCE was also frequently
mentioned in the flipped classroom regarding engagement with content (20%), and
this is also an expected finding, as students can re-watch videos on the topics they
may be struggling to independently grasp. For the participants in the blended
classroom, the perceived WORKLOAD was the most frequent issue of concern,
with participants often stating that the adaptive lessons were redundant or
unnecessary since a lecture was given in class. Students were required to complete
the associated lesson after the in-class lecture by the instructor in the blended
classroom.
Table 14. Content Analysis of Focus Group Q3 on AELP & Engagement
The white male responses most often discussed MAT PREP relative to their
engagement (44%). For example, a white-male student stated, “I was more
engaged during class because I knew what was going on.” However, the nonmajority (other-than-white-male) students most often discussed CONVENIENCE
relative to their engagement. For example, one such student stated, “I have 5
classes/lectures all in one day, and so it’s easy for me to doze off in class. The
adaptive lessons are nice because I can do them on my own time, which has
impacted my engagement positively.”
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Question 4: Compare and contrast your learning of the topics covered by the
adaptive platform versus those not covered by the platform.
Not unexpectedly, relatively more responses from the flipped (versus the blended)
classroom indicated learning of the numerical methods topics covered in the AELP
was better than learning of the topics not covered in the AELP (50% vs. 30% in
Table 15), and the effect was medium at OR=2.33. In the flipped classroom,
students were likely more dependent on the adaptive lessons for their learning of
fundamental content, versus in the blended classroom where they received in-class
lectures on all course topics.
Table 15. Focus Group Q4: Compare & Contrast: Positive/Negative by Method
One of the flipped-classroom students stated, “…I feel less prepared for the
upcoming exam versus earlier exams that covered the adaptive platform topics. I
will have to spend time outside of class studying. I would have more confidence if
ODEs had been covered in the adaptive platform. With the platform, I was ‘walked
through’ the material, could see my grasp of the material, and received a reward,
which was nice, but I didn’t have this with ODEs.” In Table 17 showing the
content analysis of this question, MAT PREP was indeed the most-frequently
mentioned category (45%) in the flipped classroom, although it followed closely
behind at 30% in the blended classroom. The CONVENIENCE of the adaptive
platform was another frequent category for explaining students’ perception of
better learning of the AELP topics, stated in 30% of flipped responses and 20% of
blended responses. In Table 15, relatively more blended-class responses indicated
that the learning of AELP topics was not better/preferred or that there was no
difference compared to flipped-class responses, with WORKLOAD appearing in
Table 17 as the most frequently mentioned category for blended participants. The
effect size was large at OR=8.14. One such blended participant responded to this
question as follows: “The adaptive platform material was a reiteration of class
material and was not really necessary if one has the book. It was extra repetitive.
The online quizzes in Canvas were better and less tedious. The platform would be
really good for an online course. For an in-class course, the platform is tedious
and not necessary. I did not get better answers via the adaptive platform.”
In Table 16, 29% of the non-majority (other-than-white-male) responses said the
learning of AELP topics was not better/preferred, versus 0% of white-male
responses. This difference was statistically significant based on Fisher’s test
(p=0.0365). The most frequent theme associated with this for the former group was
the WORKLOAD (29%).
Table 16. Focus Group Q4: Compare & Contrast: Positive/Negative by
Demographic
Table 17. Content Analysis of Focus Group Q4 on Compare & Contrast

4. Discussion and Conclusions
In this research, adaptive learning lessons were implemented and evaluated in
blended and flipped versions of a numerical methods course for engineers.
Adaptive lessons were anticipated to be particularly impactful in the flipped
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classroom due to their ability to individualize the pre-class, independent learning
and preparation. Rigorous assessment to directly measure student learning with and
without adaptive learning in both the blended and flipped classrooms was done. In
addition, student perceptions of the impact of adaptive technology and of the
classroom environment with these various teaching approaches were analyzed and
presented in this paper.
The direct-assessment multiple-choice exam results did not favor adaptive learning
in either the blended or flipped classrooms for all students collectively and for the
URM students. However, for the free-response questions on the final exam, the
most favorable results were associated with adaptive technology. Specifically, for
all students combined, the flipped adaptive classroom had the best achievement
percentage, and for the URM students specifically, the highest percentage was
associated with the blended adaptive classroom. Although differences were not
significant, the effect sizes were notable, with 𝑑 values in the range 0.34 to 0.48,
which were approaching medium size. Thus, the direct assessment outcomes show
promise for adaptive learning with respect to the more unstructured engineering
problems students may encounter. It may be the case that individualized learning is
particularly beneficial or necessary with free-response unstructured problems,
perhaps due to the self-regulated learning needed to effectively solve these types of
problems requiring skills from the upper levels of Bloom’s taxonomy.
Relative to the classroom environment, the flipped classroom with adaptive
learning (FA) was rated highest by students on four of the seven dimensions, with
three dimensions (i.e., Individualization, Personalization, and Task Orientation)
showing significant differences and sizable (i.e., near-medium or higher) effect
sizes between FA and the other methods. Given the elements of differentiated
treatment and concern for student well-being embodied in the Individualization and
Personalization dimensions, respectively, this outcome associated with adaptive
technology in the flipped classroom is what we would expect.
The focus group results exhibited evidence of the positive impact of adaptive
technology on student learning compared to other methods they may use for
studying, learning, or reviewing. Specifically, in response to question 1 that asked
about the differentiated impact of the adaptive e-learning platform (AELP) on
learning, the percentage of responses with predominantly positive sentiments was
greater than the percentage with predominately negative sentiments, regardless of
blended vs. flipped instruction or the demographic group responding. This positive
impact on learning was most frequently associated with lecture preparation,
understanding of the material, increased exposure, and accountability.
In comparing adaptive technology in blended versus flipped classrooms, the
flipped classroom was associated with more predominantly positive responses
regarding student engagement (55%) compared to the blended classroom (10%),
and these proportions were significantly different (p=0.0235), with a large effect
size (OR=11.00). Also, relatively more responses from the flipped (versus blended)
classroom indicated the learning of topics covered in the AELP was better than the
learning of topics not covered in the AELP (50% to 30% in flip vs. blended
classrooms), and this difference was of medium effect size (OR=2.33). This is
likely due to students in the flipped classroom being more dependent on the
adaptive lessons for their independent, out-of-class learning. Lecture preparation
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and understanding of the material was indeed the most-frequently mentioned
category (in 45% of responses) in the flipped classroom for this question.
Interestingly, relatively more blended-class responses indicated that the learning of
AELP topics was not better/preferred or that there was no difference, with
WORKLOAD being the most frequently mentioned category for blended
participants. Since the blended-course students received daily lectures, it appears
they perceived the adaptive tutorials as less impactful or even unnecessary.
Interestingly, in comparing the majority to non-majority students (i.e., white males
to other-than-white-males), the percentage of non-majority students with
predominantly positive responses related to satisfaction with the AELP was much
higher than the percentage of white males, and this was associated with a large
effect size of OR=5.25 and the CONVENIENCE category.
Based on the instructor’s assessment, students in the flipped classroom, in general,
liked the adaptive platform, with many indicating to him they wanted all course
topics to be covered by the platform. However, in the blended classroom, the
adaptive platform content was not new to them (as they had seen it during lecture),
and so it was less challenging to them. Consequently, he eliminated the
requirement to minimally watch each video for two minutes. He reflected, “I am
still thinking about how an adaptive lesson should be used in different settings.”
Another lesson learned was that significant time was required on his part to
program the platform, in addition to having the technical content ready for
implementation. However, based on this study, adaptive learning holds promise for
this course as well as potentially other STEM courses, particularly for the flipped
classroom, given the favorable classroom environment, unstructured-problem
outcomes, student comparison of their learning of numerical methods topics with
the adaptive software (versus without it), and engagement with course material.
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Table 1.Focus Group Questions.

1) Did the adaptive platform impact your learning or understanding more so than other
methods (that you use) for studying, learning, or reviewing content? Why do you feel this was
the case?

2) Discuss your satisfaction with the adaptive software and reasons for it.

3) Did the adaptive software impact your engagement or interest with the course material?
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4) Compare and contrast your learning of the topics covered by the adaptive platform versus
those (topics) not covered by the platform.

Table 2.Coding Scheme for Focus Group Data.

CATEGORY DESCRIPTION/DEFINITION

CODE

Benefits/Positive

Adaptive platform videos assist with preparing for lecture and/or understanding or learning
the material, including increasing the exposure; platform assists in driving accountability
with the videos or material in general

MAT PREP

Quiz or questions included alongside lecture; able to confirm, reinforce, or gain
understanding via the questions, including via feedback

QUIZ QUES

Adaptive platform provides convenience, tailoring, simplicity, and/or multiple resources.
Examples - all resources available from the same website; can do according to one's own
time, pace, or as many times as desired, including infinite retries and re-watching of videos;
platform "walks you through"

CONVENIENCE

Drawbacks/Suggestions/Negative
Adaptive platform did not indicate exactly what was done wrong, why it was wrong, nor
provide the solution

NOT CLEAR

Suggestion: provide detailed solutions or guidance

High workload or time-consuming; unnecessary or repetitive work

WORKLOAD

Access to lessons or questions limited or controlled; questions not available again until video
re-watched; had to re-do questions answered correctly; could not review lessons afterwards;
Platform not accessible via phone; Video was not available when working the problem (i.e.,
was not on the same page as the problem);

ACCESS

Suggestions: make platform video available when working the problem; provide only
necessary information to students via the platform

Inaccurate feedback on student answers provided by the adaptive platform; platform
feedback not sensitive to small differences between provided and expected answers
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Table 3.Multiple Choice Question Comparison: Four Methods.

Blend

Flip

Non
Adaptive

Blend
Adaptive

Non
Adaptive

Cohen’s d

Adaptive

(BA)
(BNA)

Effect Size

Flip

(FNA)

(FA vs. FNA)

(FA)
p

p adj
(FA vs. BA)
(multiple
comparisons)

Adjusted Average Percentage %

(FA vs. BNA)

(s)

(BA vs. BNA)

n

(BA vs. FNA)

-0.32
0.15
61.0

57.6

65.1

60.1

(16.1)

(16.0)

(16.0)

(16.0)

188

68

88

146

-0.06
All

0.025

0.05
-0.21
-0.47
0.26

-0.41
-0.01
58.7

58.8

65.2

58.6

(16.1)

(16.1)

(16.1)

(16.1)

42

23

33

39

-0.01
URM

0.249

0.498
0.01
-0.40
0.41

FA=Flip adaptive (Flip with adaptive)
BA=Blended adaptive (Blended with adaptive)
FNA=Flip non-adaptive (Flip without adaptive)
BNA=Blended non-adaptive (Blended without adaptive)
Effect size comparisons: when comparing each pair of teaching methods, the method after “vs.” (listed above) is the
reference/control category. For example, when comparing FA and FNA, FNA is the reference/control category.
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Table 4.Free-Response Question Comparison: Four Methods.

Blend
Non
Adaptive

Flip
Blend
Adaptive

Non
Adaptive

Cohen’s d

Adaptive

(BA)
(BNA)

Effect Size

Flip

(FNA)

(FA vs. FNA)

(FA)
P

p adj
(FA vs. BA)
(multiple
comparisons)

Average Percentage %

(FA vs. BNA)

(s)

(BA vs. BNA)

n

(BA vs. FNA)

0.34
0.22
39.9

40.1

37.5

44.4

(19.9)

(19.9)

(19.9)

(19.9)

188

68

88

146

0.22
All

0.057

0.114
0.01
0.13
-0.12

0.38
-0.10
38.4

46.8

37.0

44.8

(20.6)

(20.6)

(20.6)

(20.6)

42

23

33

39

0.31
URM

0.177

0.354
0.41
0.48
-0.07

FA=Flip adaptive (Flip with adaptive)
BA=Blended adaptive (Blended with adaptive)
FNA=Flip non-adaptive (Flip without adaptive)
BNA=Blended non-adaptive (Blended without adaptive)
Effect size comparisons: when comparing each pair of teaching methods, the method after “vs.” (listed above) is the
reference/control category. For example, when comparing FA and FNA, FNA is the reference/control category.
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Table 5.Classroom Environment Comparison: Four Methods.

Blend
Non
Adaptive

Flip
Blend
Adaptive

Non
Adaptive

Effect Size

Flip

Cohen’s d

Adaptive
Tamhane T2

(BA)
(BNA)

(FNA)

(FA)

Univar
Post Hoc
p

(FA vs. FNA)
(FA vs. BA)

(sig diff only)

(FA vs. BNA)
Dimension Mean (1-5)

(BA vs. BNA)

(s)

(BA vs. FNA)

Dim

0.39
-0.10
2.91

3.16

2.77

3.08

Coh

0.025 (FNA & BA)

0.22

0.041 (FNA & FA)

0.32

0.007
(0.78)

(0.79)

(0.81)

(0.75)

0.48
-0.17

0.43
0.85
<0.0005 (FA & BA)
2.43

2.19

2.43

2.73

Indiv

0.48
<0.0005

(0.61)

(0.61)

(0.75)

0.001 (BNA & FA)

(0.63)

-0.39
0.020 (FNA & FA)
-0.34
-0.01

0.01
0.07
0.007 (BNA & FA)
3.18

2.91

2.94

-0.38

2.95

Inn

0.001
(0.66)

(0.70)

(0.63)

0.024 (FNA & BNA)

(0.54)

-0.41
0.047 (BNA & BA)
-0.05
-0.37

0.22
0.41
3.28

3.07

3.18

3.32

(0.59)

(0.62)

(0.65)

(0.60)

Invol

0.047

0.08
-0.34
-0.17
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Blend
Non
Adaptive

Flip
Blend
Adaptive

Non
Adaptive

Effect Size

Flip

Cohen’s d

Adaptive
Tamhane T2

(BA)
(BNA)

(FNA)

(FA)

Univar
Post Hoc
p

(FA vs. FNA)
(FA vs. BA)

(sig diff only)

(FA vs. BNA)
Dimension Mean (1-5)

(BA vs. BNA)

(s)

(BA vs. FNA)

Dim
-0.16

0.60

4.07

3.71

3.74

4.16

Pers

0.001 (FNA & FA)

0.68

0.001 (FA & BA)

0.14

0.007 (FNA & BNA)

-0.54

0.009 (BNA & BA)

-0.04

<0.0005
(0.63)

(0.78)

(0.83)

(0.58)

-0.47

0.30
0.54
0.001 (BNA & BA)
3.48

2.88

3.11

-0.08

3.41

Satis

<0.0005
(0.92)

(1.07)

(1.04)

0.010 (FA & BA)

(0.93)

-0.63
0.029 (FNA & BNA)
-0.22
-0.38

0.53

4.16

3.90

3.84

4.17

Task Or

0.001 (FNA & BNA)

0.47

0.002 (FNA & FA)

0.02

0.031 (BNA & BA)

-0.45

0.034 (FA & BA)

0.09

<0.0005
(0.54)

(0.63)

(0.69)

(0.54)

-0.53

n

186

61

89

108

Coh = Cohesiveness (Students know & help one another)
Indiv = Individualization (Students treated individually/differentially or allowed to make decisions)
Inn = Innovation (Novel class activities, teaching techniques, or assignments)
Invol = Involvement (Active student participation in class activities)
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Satis = Satisfaction (Enjoyment of classes)
Task Or = Task orientation (Organization and clarity of class activities)
BNA=Blended non-adaptive; BA=Blended adaptive; FNA=Flipped non-adaptive; FA=Flipped adaptive
Effect size comparisons: when comparing each pair of teaching methods, the method after “vs.” (listed above) is the
reference/control category. For example, when comparing FA and FNA, FNA is the reference/control category.

Table 6. Focus Group Q1: AELP Learning Impact: Positive/Negative by Method

Total
Participants

Positive

%
Positive

Negative

%
Negative

Mixed

%
Mixed

Blended

10

6

60%

1

10%

2

20%

Flipped

20

7

35%

5

25%

7

35%

Instructional
Method

Table 7: Focus Group Q1: AELP Learning Impact: Positive/Negative by
Demographic

Total
Participants

Positive

%
Positive

Negative

%
Negative

Mixed

%
Mixed

White males

16

6

38%

4

25%

4

25%

Other than
White males

14

7

50%

2

14%

5

36%

Demographic
Group

Table 8. Content Analysis of Focus Group Q1 on AELP Learning Impact

Content Analysis:
AELP Learning Impact

% of White
Male
Participants

% of Otherthan-WhiteMale
Participants

% of
Blended
Participants

% of
Flipped
Participants

50%

79%

70%

60%

MAT PREP
(lecture preparation, understanding)
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Author Manuscript

Content Analysis:
AELP Learning Impact

% of White
Male
Participants

% of Otherthan-WhiteMale
Participants

% of
Blended
Participants

% of
Flipped
Participants

25%

29%

40%

20%

13%

36%

10%

30%

25%

0%

0%

20%

13%

14%

0%

20%

13%

14%

10%

15%

6%

7%

10%

5%

CONVENIENCE
(one online location, re-watch videos, re-do questions)

QUIZ QUES
(quiz questions alongside lecture)

NOT CLEAR
(adaptive platform not clear about incorrect responses,
solution not provided)

ACCESS
(access to lessons/questions limited, questions not available
until video re-watched, re-doing of correct work)

WORKLOAD
(high workload, time-consuming, unnecessary or repetitive
work)

INACC FEED
(adaptive platform provides inaccurate feedback, platform
not sensitive to small differences)

Table 9. Focus Group Q2: AELP Satisfaction: Positive/Negative by Method

Total
Participants

Positive

%
Positive

Negative

%
Negative

Mixed

%
Mixed

Blended

10

2

20%

1

10%

7

70%

Flipped

20

6

30%

7

35%

6

30%

Instructional
Method
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Table 10. Focus Group Q2: AELP Satisfaction: Positive/Negative by Demographic

Total
Participants

Positive

%
Positive

Negative

%
Negative

Mixed

%
Mixed

White males

16

2

13%

5

31%

9

56%

Other than
White males

14

6

43%

3

21%

4

29%

Demographic
Group

Table 11. Content Analysis of Focus Group Q2 on AELP Satisfaction

Content Analysis:
AELP Satisfaction

% of
White
Male
Particip
ants

% of
OtherthanWhiteMale
Particip
ants

% of
Blende
d
Particip
ants

% of
Flipped
Particip
ants

19%

0%

0%

15%

19%

29%

10%

30%

13%

14%

0%

20%

31%

21%

30%

25%

63%

0%

20%

40%

0%

14%

10%

5%

MAT PREP
(lecture preparation, understanding)

CONVENIENCE
(one online location, re-watch videos, re-do questions)

QUIZ QUES
(quiz questions alongside lecture)

NOT CLEAR
(adaptive platform not clear about incorrect responses, solution not
provided)

ACCESS
(access to lessons/questions limited, questions not available until video
re-watched, re-doing of correct work)

WORKLOAD
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Author Manuscript

Content Analysis:
AELP Satisfaction

% of
White
Male
Particip
ants

% of
OtherthanWhiteMale
Particip
ants

% of
Blende
d
Particip
ants

% of
Flipped
Particip
ants

0%

29%

20%

10%

(high workload, time-consuming, unnecessary or repetitive work)

INACC FEED
(adaptive platform provides inaccurate feedback, platform not sensitive
to small differences)

Table 12. Focus Group Q3: AELP & Engagement: Positive/Negative by Method

Total
Participants

Positive

%
Positive

Negative

%
Negative

Mixed

%
Mixed

Blended

10

1

10%

2

20%

4

40%

Flipped

20

11

55%

4

20%

1

5%

Instructional
Method

Table 13. Focus Group Q3: AELP & Engagement: Positive/Negative by
Demographic

Total
Participants

Positive

%
Positive

Negative

%
Negative

Mixed

%
Mixed

White males

16

7

44%

3

19%

1

6%

Other than
White males

14

5

36%

3

21%

4

29%

Demographic
Group
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Table 14. Content Analysis of Focus Group Q3 on AELP & Engagement

Content Analysis:
AELP & Engagement

% of White
Male
Participants

% of
Other-thanWhiteMale
Participants

% of
Blended
Participants

% of Flipped
Participants

44%

7%

10%

35%

0%

29%

0%

20%

0%

14%

0%

10%

0%

0%

0%

0%

6%

0%

0%

5%

0%

14%

20%

0%

0%

0%

0%

0%

MAT PREP
(lecture preparation, understanding)

CONVENIENCE
(one online location, re-watch videos, re-do questions)

QUIZ QUES
(quiz questions alongside lecture)

NOT CLEAR
(adaptive platform not clear about incorrect responses,
solution not provided)

ACCESS
(access to lessons/questions limited, questions not available
until video re-watched, re-doing of correct work)

WORKLOAD
(high workload, time-consuming, unnecessary or repetitive
work)

INACC FEED
(adaptive platform provides inaccurate feedback, platform
not sensitive to small differences)

Table 15. Focus Group Q4: Compare & Contrast: Positive/Negative by Method

Instructional
Method

Total
Participants

AELP
Better

%
AELP
Better

AELP
Not
Better

% AELP
Not
Better

This article is protected by copyright. All rights reserved.

No
Diff

% No
Diff

Author Manuscript

Blended

10

3

30%

3

30%

3

30%

Flipped

20

10

50%

1

5%

4

20%

Table 16. Focus Group Q4: Compare & Contrast: Positive/Negative by
Demographic

Total
Participants

AELP
Better

%
AELP
Better

AELP
Not
Better

% AELP
Not
Better

No
Diff

% No
Diff

White males

16

7

44%

0

0%

4

25%

Other than
White males

14

6

43%

4

29%

3

21%

Demographic
Group

Table 17. Content Analysis of Focus Group Q4 on Compare & Contrast

Content Analysis:

Compare & Contrast

% of White
Male
Participants

% of Otherthan-WhiteMale
Participants

% of
Blended
Participants

% of
Flipped
Participants

50%

29%

30%

45%

31%

21%

20%

30%

0%

21%

0%

15%

6%

0%

0%

5%

MAT PREP
(lecture preparation, understanding)

CONVENIENCE
(one online location, re-watch videos, re-do questions)

QUIZ QUES
(quiz questions alongside lecture)

NOT CLEAR
(adaptive platform not clear about incorrect responses,
solution not provided)
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Author Manuscript

Content Analysis:

Compare & Contrast

% of White
Male
Participants

% of Otherthan-WhiteMale
Participants

% of
Blended
Participants

% of
Flipped
Participants

6%

0%

0%

5%

0%

29%

40%

0%

0%

0%

0%

0%

ACCESS
(access to lessons/questions limited, questions not
available until video re-watched, re-doing of correct work)

WORKLOAD
(high workload, time-consuming, unnecessary or
repetitive work)

INACC FEED
(adaptive platform provides inaccurate feedback, platform
not sensitive to small differences)
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