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Evidence-based testing strategies in the form of multiple cumulative midterm tests preceded by practice tests were recently
introduced to a numerical methods course for engineers after the course had been taught for many years in a blended
fashion. The instructor introduced these practices in fall 2019, thereby creating his so-called modified blended approach,
with the objective of enhancing direct and affective assessment results in his blended classroom implementation. A
statistical comparison of results from this modified approach with results from a prior semester of blended instruction was
made using final exam and concept inventory scores as well as classroom environment scores based on the CUCEIL. This
comparison was made for students collectively and for several demographic segments of interest. Based on triangulated
results from direct assessments of conceptual understanding and Bloom’s taxonomy (lower levels), the modified blended
approach with the testing strategies may be the preferred method for this blended classroom for students collectively as
well as potentially for Pell grant recipients as a group. The classroom environment and direct assessment results from the
higher levels of Bloom’s taxonomy did not suggest a preferred instructional method. Support for blended instruction and

practice and cumulative testing from the literature is also presented.
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1. Introduction and Literature Review

For over 30 years, the second author has continu-
ally transformed his undergraduate numerical
methods course for engineers at a large university
in the southern U.S. This course encompasses
numerical methods for solving nonlinear equations,
simultaneous linear equations, regression, integra-
tion, scientific computing, differentiation, interpo-
lation, and ordinary differential equations. While
having used a talk-and-chalk style before 2000, the
instructor began formally using and studying
active-learning approaches in his classroom in
2003, including both blended and flipped methodol-
ogies and combinations of them. His approaches to
blended and flipped instruction within this required
mechanical engineering course naturally evolved
over time through various funded research, includ-
ing the integration of adaptive software for pre-
class preparation in the flipped classroom [1-4].
Several publications describe outcomes since 2003
from the instructor’s use of blended instruction,
including the notable outcome that blended (as well
as flipped) instruction was associated with better
student performance than traditional (i.e., lecture)
and self-study approaches [5, 6]. Given very strong
interest in continual course improvement and engi-
neering education scholarship, many ideas and
research questions naturally occurred to the
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instructor over time for further enhancement of
his blended classroom, including the use of evi-
dence-based testing strategies. As an avid practi-
tioner of technology-enhanced instruction, active
learning, and continual course transformation, he
developed an interest in researching the effect of
these testing practices in his blended STEM class-
room. He specifically began to ask, “Can the
blended classroom be improved relative to student
outcomes by using additional evidence-based testing
strategies”’? Specifically, the instructor developed
an interest in introducing cumulative midterm tests
preceded by practice tests, in line with positive
findings from the educational psychology litera-
ture, as will be detailed in an upcoming section.
He, therefore, introduced a new testing approach in
fall 2019 for a blended-classroom offering of his
numerical methods course, in essence, creating a
modified blended classroom. One aspect of this
approach was outside-the-classroom practice tests
posted before the in-class cumulative midterm tests.
Subsequent comparison of direct and affective
student outcomes from this modified blended offer-
ing to those from a prior blended semester was
made. Based on direct assessment measures, there
is evidence that the modified blended classroom
may be the favoured approach. The next section
begins with a description of and support for
blended instruction based on the literature, fol-
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lowed by a review of and support for practice and
cumulative testing strategies from the psychology
literature.

1.1 Literature Review: Blended Instruction

Blended instruction replaces a portion of face-to-
face classroom instruction with online or technol-
ogy-driven resources while typically still maintain-
ing the traditional classroom format [7-9].
Blended instruction can be conceived as a combi-
nation, or blending, of two or more learning
methods or media that can create a learning
environment and tools that are responsive to
individual student differences and enable autono-
mous learning [10]. Online or technology-driven
educational resources may include simulations,
labs, video tutorials, and assessments [9]. Blended
learning entails using the web and class time
according to what each does best [11]. Blended
practices were the subject of an instructional rede-
sign program funded by the Pew Charitable
Trusts, in which institutions of higher education
redesigned their instruction using technology,
including computer-based assessments, online dis-
cussion groups/learning communities, and online
tutorials [12, 13]. Blended instruction in other
mechanical and electrical engineering courses has
entailed online experiments, labs, and simulations
[14-20]. In comparisons of blended versus tradi-
tional instruction, blended implementations have
shown success. For example, in round one of the
Pew Charitable Trusts program discussed above,
five projects (out of ten) reported improved out-
comes, and four reported equivalent outcomes
[12]. Further, in a multi-semester comparison of
face-to-face, fully online, and blended instruction,
the last had the highest percentage of students who
earned a “C” or greater [21].

1.2 Literature Review: Testing Strategies —
Practice and Cumulative Testing

Tests are likely unwelcome by many students [22].
However, learning is promoted when students take
a test, and this finding is often overlooked in
education [22, 23]. There are multiple specific
reasons from a learning perspective as to why
increased testing or retrieval practices should be
done in education, including retention of informa-
tion, formative identification of knowledge gaps,
metacognitive self-monitoring, encouragement to
study, and more-transferrable learning [24, 25].
Compared to rereading material, correctly retriev-
ing material from memory can have a direct impact
on long-term memory [26]. The indirect, self-reg-
ulatory impacts on learning, mentioned above can
result from a student better deciding what he/she
must re-study or practice more, or from a student

being able to determine what he/she knows or does
not know [26]. Over 100 years of study has shown
that practice tests boost retention and learning
compared to simply rereading material, where a
practice test is defined as a minimal-stakes activity
completed outside the classroom [22, 26].

Thus, this so-called testing effect is associated
with greater learning and retention of material
given the retrieval processes involved, as discussed
by additional articles [23, 25, 27]. Students who
have taken practice tests on the material before
taking a final exam on the same material often
performed better than students who used other
methods for studying, such as re-studying or differ-
ent non-test approaches [28]. Specifically, a recent
meta-analysis of 118 articles showed practice tests
to be associated with an average medium effect size
of 0.51 compared to re-studying the material [28]. It
was found that for delayed assessment (i.e., 2 to 7
days after content delivery), having taken a practice
test was associated with greater content retention
than having re-studied the material [27].

Cumulative examinations, particularly high-
stakes summative exams, can certainly be undesir-
able to and anxiety-producing for students [22, 26,
29]. However, in their article ““Expectation of a final
cumulative test enhanced long-term retention,”
Szpunar and colleagues found that not only did
taking an initial test improve performance on the
final test (relative to not taking an initial test), but
establishing the expectation of a final cumulative
exam enhanced achievement on this exam, versus if
that expectation had not been set [30]. The authors
surmised that if students are expecting a cumulative
exam, they may integrate information across units
and, in essence, study more effectively [30]. Thus, it
is plausible that because these students had to
remember information for a later exam, they were
encouraged to process the material continually and
positively impact the availability of this material
during later recall [30]. This is in contrast to those
students who do not work under this expectation, as
they may disregard any prior information and focus
just on the new information they will be tested on
[30]. Alternatively, knowledge of a cumulative
exam may encourage students to study or re-study
the course material in a distributed fashion over
time (versus cramming the night before the exam),
with distributed practice and study resulting in
longer-term retention of knowledge and skills [26].
In summary, the evidence for cumulative midterm
and final exams with regards to deep learning and
persistent retention is exceptionally strong, keeping
in mind that these types of assessments require
continued and ongoing interaction by students
with the course content and thereby increased
chances for understanding and retention [31]. For
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long-term retention of material and end-of-course
performance, cumulative exams given throughout
the course (i.e., cumulative midterms) are the fron-
trunner testing approach based on numerous
research studies [31].

In an introductory psychology course, students
who took multiple cumulative unit tests had better
long-term retention on the final exam versus those
who took a series of non-cumulative unit exams, as
evidenced by a statistically and practically signifi-
cant final exam score [32]. In a second study with
introductory psychology coursework, a signifi-
cantly-higher score was found on a departmental
post-course assessment for the cohort who had
taken a cumulative (versus non-cumulative) final
exam [33]. In conclusion, given this background
and support from the literature related to practice
and cumulative testing approaches, the research
questions evolved to the following:

RQ1: What is the extent of the performance differ-
ence on lower-order-cognition final-exam ques-
tions when practice and cumulative tests are used
in the blended classroom? What is the extent of
this difference for particular demographic
groups, including underrepresented minorities
and Pell Grant recipients?

RQ2: What is the extent of the difference in con-
ceptual understanding of course material when
practice and cumulative tests are used in the
blended classroom? What is the extent of this
difference for particular demographic groups,
including underrepresented minorities and Pell
Grant recipients?

RQ3: What is the extent of the performance differ-
ence on higher-order-cognition final-exam ques-
tions when practice and cumulative tests are used
in the blended classroom? What is the extent of
this difference for particular demographic
groups, including underrepresented minorities
and Pell Grant recipients?

RQ4: Is there a difference in the perception of the
classroom environment when practice and cumu-
lative tests are used in the blended classroom?

2. Methods

2.1 Instructional Methods

The instructor has been teaching the course for over
30 years using various approaches, including
flipped, flipped with adaptive learning, and blended
instruction. With the blended approach, although
students had access to videos, they were not
required nor expected to watch them before class,
except in the case of the pre-requisite content, for
which they were assessed online. Class time was
spent on the presentation of new material, clicker

questions (non-graded) with peer-to-peer and
instructor-led discussions, and solution planning
for applied problems. Specifically, approximately
33-50% of class time was spent on active learning
activities, including think-pair-share, conceptual
exercises via worksheets or clickers, procedural
exercises, outlining of programming projects and
applied exercises, and discussion. Many of the in-
class exercises were collected for grading both at the
end of class and after completion at home. Since the
active learning replaced some content covered
during class, video lectures and textbook readings
were assigned for some content. To drive account-
ability and practice, automatically-graded online
quizzes were assigned. During the spring 2017
semester with a blended classroom, a newly-com-
pleted Numerical Methods concept inventory was
used in the class, along with the instructor’s tradi-
tional cumulative final exam. For this reason, the
spring 2017 semester served as the comparison (i.e.,
control) semester. Each served as a direct assess-
ment of student learning of numerical methods
course content.

After several semesters during fall 2019, the
course was again taught in a blended format, but
with the addition of practice tests and four cumu-
lative midterm exams involving multiple units of
material to determine if these strategies were asso-
ciated with enhanced direct and affective outcomes
in this modified blended classroom. Course content
is often taught in the form of units, each followed by
a unit exam [30]. For each cumulative midterm
exam, the emphasis was on recently-covered con-
tent, but previous material still comprised a sig-
nificant portion of the exam (i.e., 33% to 50% of the
exam score).

One or two non-graded practice tests were posted
before each midterm exam and were developed
using a computer program that selected problems
randomly from a database of over 150 questions.
Random generation of problems was done to avoid
bias, and the instructor was able to input the
percentage of questions desired from new content
versus prior content. The practice tests were posted
to the learning management system two days
beforehand to avoid student preparation using
just the practice tests. Students took the practice
tests outside the classroom and could submit their
responses to the instructor for feedback. Students
were informed via the syllabus and on the first day
of class that there would be a series of cumulative
midterm tests and a cumulative final at the end of
the semester. The high-level research question
became the following: “Can blended-classroom stu-
dent outcomes be enhanced by employing the evi-
dence-based strategies of cumulative and practice
tests, or is there a limited effect of these strategies?”
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2.2 Assessment Methods: Comparison of Final
Exam, Concept Inventory, and Classroom
Environment Results

In designing the assessment plan for this study, the
approach used by the authors in previous NSF-
funded studies on blended versus flipped instruc-
tion as well as adaptive preparation for the flipped
classroom was adopted [1-3]. Therefore, a triangu-
lated-data approach consisting of comparisons
involving a final exam, concept inventory, and
classroom environment inventory was used. Speci-
fically, the College and University Classroom
Environment Inventory (CUCEI) was used to
assess student perceptions on seven psychosocial
dimensions of the classroom [34]. Examples of
psychosocial dimensions from the CUCEI include
Individualization (i.e., individual/ differential treat-
ment of students and student decision-making
power), Innovation (i.e., novel and unusual class
activities or teaching techniques), and Involvement
(i.e., active student participation in class activities).
There are seven questions per dimension, each on a
1 to 5 scale, with 5 being most desirable for the
environment of the classroom.

A demographics survey enabled the collection of
data for investigating student groups of interest, in
particular underrepresented minority students
(URM) and Pell grant recipients. Although data
on the student’s gender was collected, small sample
sizes precluded statistical analysis by gender. The
final exam and concept inventory scores were
compared in a stratified fashion to investigate
potential differences for the URM and Pell grant
students between the two instructional approaches.
The demographics survey was also used to collect
data on grades achieved by the students in the pre-
requisite coursework, such as calculus 1-3 and
ordinary differential equations. The pre-requisite
GPA served as the control variable for the analysis
of covariance (ANCOVA) comparisons of final
exam and concept inventory scores between the
blended and modified blended approaches. The
use of a control variable such as GPA as part of
an ANCOVA analysis accounts for any differences
in academic performance history between two or
more student cohorts [35].

The final exam and concept inventory remained
exactly the same for the two instructional
approaches and were similar in that they each
contained multiple-choice questions requiring
little to no calculations. The multiple-choice ques-
tions on the final exam were mainly based on the
lower levels of Bloom’s taxonomy (i.e., remember,
understand, apply) and were evenly distributed
across all eight topics of the course. The free-
response problems on the final exam required
more open-ended analysis and targeted the higher

levels of Bloom’s taxonomy, such as analysis or
evaluation. A holistic rubric with a 04 rating scale
was used by the instructor for consistently grading
the free-response questions. The scale was defined
as follows: (0): no understanding; (1): little under-
standing, 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.

The concept inventory measured the student’s
conceptual understanding, focused on critical
thinking and logic, and highlighted any misconcep-
tions [36]. The inventory encompassed six key
concepts that were associated with the greatest
number of misconceptions, as agreed upon by a
development team through a Delphi process [36].

Given the smaller sample sizes associated with
the URM and Pell grant demographic groups and
the accompanying uncertainty of normally-distrib-
uted scores, the non-parametric version of analysis
of covariance, known as Quade’s Test, was reported
for this study [37-38]. However, the non-parametric
results coincided with those from the parametric
version of ANCOVA, meaning that the p-values
from the parametric and non-parametric tests were
in agreement [35].

Cohen’s d or Hedge’s g effect sizes were also
calculated to measure the magnitude and practical
significance of the difference between each pair of
means, with Hedge’s g used in the case of smaller
sample sizes [39-41]. When calculating the effect
sizes, the blended method was considered the refer-
ence (i.e., control) group relative to the modified
blended approach.

3. Results

3.1 Direct Assessment of Learning: Final Exam
and Concept Inventory Comparisons

To directly assess and compare student perfor-
mance in the blended versus modified blended
classrooms (i.e., the first and second research ques-
tions), final exam and concept inventory results
were statistically analysed. For the final exam,
students’ multiple-choice and free-response perfor-
mance were examined separately. The statistical
analysis was done for participating students as a
whole as well as the URM and Pell-grant-recipient
groups, as shown in Table 1. The students taking
the course were junior-level mechanical engineering
students. For the direct-assessment statistical ana-
lysis, there was demographic and corresponding
exam/concept inventory data for 57% of the
enrolled students during the spring 2017 blended
version of the course, and for the fall 2019 modified
blended version, this percentage was 78%. These
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percentages are influenced by student interest in
and subsequent participation in the research study,
including actual completion of the various key
instruments, such as the demographics survey.
The corresponding sample sizes available for sta-
tistical analysis were as follows: 62 students during
the spring 2017 semester and 49 students during fall
2019. Although the voluntary participation rate
was relatively lower for the spring 2017 blended
classroom, it still constituted a majority of the
students enrolled.

3.1.1 Research Question 1: Lower-Order
Cognition — Final Exam Scores

For students as a whole, the modified blended
classroom was associated with a significantly
higher average adjusted multiple-choice final exam
score (65.2% vs. 57.9%; p = 0.009) after applying the
Bonferroni adjustment for multiple comparisons
[42]. Since three tests were run for the three demo-
graphic groups in Table 1, each p-value from the
ANCOVA test was multiplied by three, as given in
the p adj column of Table 1. Since the sample sizes
were small for the demographic segments, Hedge’s
g, which is very similar to Cohen’s d, was reported
as the effect size within Table 1. The effect size
associated with all students was medium at Hedge’s
g = 0.51. For the URM demographic group, the

difference in the two instructional methods was not
significantly different from zero, although for the
Pell grant recipients, it was after applying the
Bonferroni adjustment (p = 0.036). For the Pell
Grant recipients, the effect size was approximately
large at g = 0.78. Thus, for students as a whole and
for the Pell Grant recipients, the modified blended
classroom was the favoured instructional approach
based upon the multiple-choice outcomes.

3.1.2 Research Question 2: Conceptual
Understanding — Concept Inventory Scores

With the concept inventory, the outcomes were
similar (to those obtained with the lower-order
final-exam questions) for students as a whole.
That is, the modified blended approach was asso-
ciated with a significantly higher average adjusted
score (60.6% vs. 51.6%; p = 0.009) after applying the
Bonferroni adjustment for multiple comparisons,
as given in Table 2. The effect size was also medium
at d = 0.59. However, for the URM and Pell grant
groups, the two instructional methods were not
associated with significantly different concept
inventory scores, although the effect sizes were
each approximately medium. Thus, there is evi-
dence that the modified blended classroom may
have been the favoured instructional approach
based upon the concept inventory outcomes as

Table 1. Final Exam Multiple Choice Comparison: Blended vs. Modified Blended

Adjusted Mean Percentage %
) Quade’s Test Quade’s Test
n P P Effect Size
Dem Group Blend Mod Blend unadj adj g
All 57.9 65.2 0.003 0.009 0.51
(14.3) (14.3)
62 50
URM 54.9 60.6 0.290 0.870 0.38
(14.7) (14.8)
17 13
Pell 56.7 68.2 0.012 0.036 0.78
(14.5) (14.6)
21 17
The blended method is the reference (i.e., control) when comparing it to the modified blended.
Table 2. Concept Inventory Comparison: Blended vs. Modified Blended
Adjusted Mean Percentage %
©) Quade’s Test Quade’s Test
n P P Effect Size
Dem Group Blend Mod Blend unadj adj g
All 51.6 60.6 0.003 0.009 0.59
(15.2) (15.3)
62 49
URM 47.4 55.2 0.119 0.357 0.48
(16.2) (16.3)
17 13
Pell 54.7 62.2 0.119 0.357 0.49
(15.1) (15.1)
21 17

The blended method is the reference (i.e., control) when comparing it to the modified blended.
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Table 3. Final Exam Free Response Comparison: Blended vs. Modified Blended

Adjusted Mean Percentage %
©) Quade’s Test Quade’s Test
n P P Effect Size
Dem Group Blend Mod Blend unadj adj g
All 41.6 39.9 0.634 1.000 -0.09
(19.4) (19.5)
62 50
URM 37.0 41.0 0.599 1.000 0.18
(20.9) (20.9)
17 13
Pell 45.7 41.7 0.700 1.000 -0.18
(22.2) (22.3)
21 17

The blended method is the reference (i.e., control) when comparing it to the modified blended.

well. As discussed in the Methods section, the
concept inventory consisted of multiple-choice
questions that required minimal calculations.
Therefore, it was similar to the multiple-choice
section of the final exam, serving to triangulate
the favourable results for the modified blended
classroom to a certain degree.

3.1.3 Research Question 3. Higher-Order
Cognition — Final Exam Scores

Interestingly, such patterns were not found with the
free-response question outcomes on the final exam
(i.e., the third research question). The adjusted
average percentages were not significantly different
between the blended and modified blended class-
rooms for any of the demographic groups, and the
effect sizes were small, as shown in Table 3. Thus,
there was not a preferred instructional approach in
this study with respect to the more open-ended
problems students were asked to solve.

3.2 Affective Assessment: Classroom
Environment — Research Question 4

To investigate the final research question about
comparing the perceived classroom environment
among the two instructional methods, the
CUCEI, or College and University Classroom
Environment Inventory, was employed. For statis-
tical analysis of the affective data on the classroom
environment, there were responses from 58% of
enrolled students in the spring 2017 semester (i.e.,
blended classroom) and 75% of enrolled students
during the fall 2019 semester (i.e., modified blended
classroom). The corresponding sample sizes avail-
able for this statistical analysis were 63 students
during spring 2017 and 47 students during fall 2019.

The instructional methods were compared using
a MANOVA, or multivariate analysis of variance,
since there were seven outcome variables (i.e.,
dependent variables) corresponding to the seven
dimensions of the CUCEI classroom environment
inventory, as shown in Table 4 [35, 43]. The mean of

each dimension (i.e., 1 to 5 scale) and standard
deviation are shown in Table 4. Given the larger
sample sizes (compared to the demographic-based
analyses), Cohen’s d effect sizes were calculated,
also shown in Table 4. The omnibus test indicated a
significant effect of the instructional method on the
classroom environment (p < 0.014). The higher
CUCETI scores were associated with the blended
classroom, with six of the seven dimensions having
a higher average value in the blended classroom
versus the modified blended classroom. However,
the univariate ANOVA tests indicated a significant
difference only for one CUCEI dimension (i.e.,
Task Orientation; p = 0.009), and this difference
did not remain significant after applying the Bon-
ferroni correction for multiple comparisons by
multiplying each univariate p-value by 7. For this
dimension, the effect size was medium at d = -0.51,
with the blended classroom being the reference
category. All other effect sizes were of small magni-
tude.

From a summary perspective, although the
blended classroom received the higher classroom
environment scores, the differences with the mod-
ified blended classroom were not statistically sig-
nificant, and only one effect size was medium, with
the others being small. The lack of a definitive
preference for our modified blended classroom, in
particular, relative to the Innovation, Personaliza-
tion, and Satisfaction dimensions, may be related to
students’ negative view of cumulative exams and
tests in general and the fact there were several of
them, despite this approach being associated with
enhanced academic performance. Therefore, a defi-
nitively-favoured classroom environment did not
emerge when comparing the blended and modified
blended classrooms.

4. Discussion

This article investigated evidence-based testing
strategies in the form of multiple cumulative mid-
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Table 4. Classroom Environment Comparison: Blended vs. Modified Blended

Mean Univar Univar
() P P Effect Size

Dim Blend Mod Blend unadj adj d

Coh 2.62 2.82 0.159 1.000 0.27
(0.69) (0.79)

Indiv 2.48 2.31 0.160 1.000 -0.27
(0.62) (0.62)

Inn 2.97 2.80 0.179 1.000 -0.26
(0.69) (0.63)

Invol 3.02 3.02 0.966 1.000 -0.01
(0.58) (0.70)

Pers 3.88 3.65 0.109 0.763 -0.31
(0.70) (0.75)

Satis 3.08 3.02 0.754 1.000 -0.06
(0.99) (1.12)

Task Or 3.94 3.60 0.009 0.063 -0.51
(0.63) (0.74)

n 63 47

Coh = Cohesiveness (Students know & help one another).

Indiv = Individualization (Students treated individually/differentially & can make decisions).

Inn = Innovation (Novel class activities or teaching techniques).
Invol = Involvement (Active student participation in class activities).

Pers = Personalization (Interaction w/ instructor & concern for student welfare).

Satis = Satisfaction (Enjoyment of classes).

Task Or = Task orientation (Organization and clarity of class activities).

term tests preceded by practice tests within a
blended STEM classroom. This work makes an
addition to the authors’ research on blended and
other enhanced instructional approaches within
STEM education. An assessment plan to directly
measure student learning as well as student per-
spectives and feelings was utilized. The plan con-
sisted of two established instruments for direct
assessment of learning as well as the College and
University Classroom Environment Inventory for
affective assessment.

Based on the instructor’s assessment of the
performance outcomes in his course as well as
support from the psychology literature in general,
he plans to continue to employ cumulative midterm
exams preceded by practice exams. The instructor
believes it’s also a good approach in online or
remote courses, especially in the age of COVID-
19, as it decreases the ability of students to merely
sift through their notes to find the correct answer or
approach to a similar problem within a limited time
span, given the larger volume of material they are
expected to be familiar with.

Given that engineering students from just one
public U.S. university were studied, the general-
izability of our results may be somewhat limited.
Students were not randomly assigned to the two
treatment groups, and so this study was quasi-
experimental, as are many educational studies. To
account for a student’s academic history as a
possible confounding factor, the pre-requisite
GPA was used as a control variable within the

analysis of covariance testing of the two treatments.
The sample sizes for the specific demographic
segments were small, reducing power to detect
differences. However, conservative statistical pro-
cedures (i.e., non-parametric testing and effect
sizes) were used. A further limitation of this
research is related to the use of exams as outcomes,
as they are relatively short-term performance mea-
sures compared to outcomes that may be apparent
several years into the students’ careers.

5. Conclusions

Based on multiple-choice outcomes from both the
cumulative final exam and concept inventory (CI),
the modified blended classroom was the favoured
approach, having significantly higher scores (p =
0.009) and medium effect sizes of g = 0.51 and g =
0.59, respectively. In addition, there was some
evidence that the modified blended approach may
have been advantageous for the Pell grant recipi-
ents, based on a significant final exam outcome (p =
0.036) and large and medium effect sizes of g = 0.78
and g = 0.49 for the exam and CI, respectively.
Similar results from the CI and multiple-choice
portion of the final exam serve to triangulate the
findings and strengthen the conclusion that the
modified blended approach may be better in terms
of cognitive-based outcomes, including those
related to the lower levels of Bloom’s taxonomy
and conceptual understanding. For the free-
response, open-ended final exam problems that
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targeted the higher levels of Bloom’s taxonomy, the
modified blended approach was not associated with
significantly higher scores and only small effect sizes
of |g| < 0.20.

Similar to the free-response problem outcomes,
the affective outcomes from the CUCEI classroom
environment inventory did not demonstrate the
modified blended classroom to have the preferred
classroom environment, despite students’ enhanced
performance on their CI and multiple-choice exam
problems. This is based on non-significant differ-
ences and generally small effect sizes between the

two approaches. This result may be related to
students’ anxiety with cumulative exams.
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