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Abstract. The rote learning problem has plagued the education systems of
developing world since long. To name a few, improperly designed assessments,
teachers’ authority, rewarding verbatim answers, sheer class sizes, and indi-
vidual learner differences are amongst the most notable mediators. The authors
report on the design and development of an adaptive educational hypermedia,
which disrupts the rote learning loop by hitting a few of the aforementioned
reasons. The reported system provides a personalized learning experience to
each learner, adapting on the basis of cognitive and learning styles. Further, the
assessments are designed in a way that they loop each failed learning via
variated paths, hence eliminating chances of rote learning. Moreover, the failed
perturbations are traced back to the problematic domain segment for further
knowledge acquisition. In-situ evaluations of the system with end-users (real
students of Bachelor of Science in Computer Science) reveal a difference
between control and experimental groups. The effect size is however moderate.
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1 Introduction

The problem of rote learning has since long plagued educational communities around
the globe. The learning approaches adopted by students, in general, have direct rela-
tionship with understanding of the concepts and subsequent performance [1], and the
rote learning style, in particular, degrades the quality of learned knowledge [2].
Nonetheless, rote learning—bare memorization—in itself is not a problem. It is an
efficient learning technique needed in some learning contexts which need memorization
[3], for example remembering alphabet of a language. However, it becomes a problem
when a student adopts it as her primary learning strategy, applied to most—if not all—
of her learning contexts [3]. The said student is mostly compelled to choose rote
learning because it reduces cognitive load otherwise endured in understanding complex
concepts, a situation commonly aroused in science subjects. However, in the long term,
the knowledge learned through rote learning has less retention span when compared to
other learning methods, like that of meaningful learning [4].
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The recent research in educational psychology suggests that more abstract concepts
are more negatively affected by rote learning approach [5]. Similarly, disciplines
relating to problem solving are heavily affected by this learning technique [3]. The
problem—though persistent throughout science spectrum—exhibits itself especially in
mathematics and computer science, being the fields of higher abstraction applied to
problem solving [6]. Further, this very mechanism of learning can even contribute to
development of non-interest in science subjects [7].

Contrary to the popular belief, rote learning is not abundant in only developing
countries [5]. Even after 30 years of education reforms in developed world, rote learning
problem still prevails in many countries, for example in USA and Sweden [3]. The
recent research tells that the students still choose rote learning when working with
complex concepts [6]. However, the dynamics are different from the developing world
where the pupils are trained to become rote learners from the very early age [8]. The
researchers note that the educational system in developing countries, from teaching to
assessment supports rote learning [9]. The students are rewarded for the reproduction
and imitation of the given concepts verbatim [10]. Especially in Pakistan—where this
research is carried out—it is frequently reported that learners are trained to reproduce
what has been articulated to them [10]. They seldom use their own intuition in
problem-solving of any kind, merely applying imitations of solutions earlier learned [8].

In this work, the authors report on the design, development, and testing of an
Adaptive Educational Hypermedia (AEH) system to disrupt the rote learning loop of
verbatim repetition and reproduction of concepts. The system is envisioned and
developed for CS majors in Pakistan and is situated in their very own context. The
paper also report in-situ evaluations of first prototype of the proposed system in real
environment with end-user learner. The rest of the report is structured as following. The
next section reviews the related work, followed by a discussion on the proposed
innovation’s architecture. Section 4 details the research methodology used to experi-
ment with the prototype of AEH. The results of the analysis are presented in Sect. 5,
with discussion in Sect. 6. Finally, the authors conclude the paper in Sect. 7.

2 Related Work

Liu and Hmelo-Silver [11] report on the design and development of educational
hypermedia to promote meaningful learning of complex systems in science students.
They argued that conventional learning methodologies for complex systems did
nothing more than piling up the information in learners’ head. To resolve the issue, two
different hypermedia versions were tested with 7th graders and pre-service teachers.
The authors found that both type of hypermedia support avoidance of rote learning.

Jacobson and Archodidou developed Knowledge Mediator Framework (KMF)
[12]. With a proof-of-concept applied to high school students in learning neo-
Darwinian evolutionary biology, they tested the efficacy. Their results showed a sig-
nificant improvement in students’ progress, as well as in learning patterns. They noted
that the students started developing expert-like models in their solutions.
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Though not in a strict hypermedia sense, Zydney and Grincewicz experimented
with a multimedia learning environment with videos to enhance students’ meaningful
learning abilities [13]. Their study found that the amount of time students spent with
the system was a predictor of their performance.

Rum and Ismail [14] used metacognitive tools to assist students in learning pro-
gramming in meaningful ways. They devised six different strategies, however all
metacognitive. The tools were implemented with the help of an educational hyper-
media. They enrolled 30 participants in experimental group and 36 in control
group. The experimental group exhibited performance improvement over the control
group.

3 The Proposed Innovation

The proposed AEH is composed of 5 modules, namely student model, assessment
engine, adaptation controller, content store, and the interface. The students commu-
nicate with the interface, which presents learning/assessment activities to the learner,
formatted and selected by the adaptation controller. The adaptation controller works
with the information stored in the student model to appropriately select and format the
content which is stored in the content store. The selection of learning activities is based
on three criteria items relating to a student, namely cognitive style, learning style, and
background knowledge. Moreover, the adaptation controller selects/formats assessment
activities based on the input provided by the assessment engine. The schematic of the
system is depicted by Fig. 1.

Nonetheless, situating every factor in the context of the learner is important for an
effective learner model, but some attributes weigh more than others. An important
aspect to consider in the case of developing nations is the difference of cognitive style

Fig. 1. Schematic of the proposed innovation
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of learners as compared to the ones from developed nations. The authors thus chose
Kirton’s innovator-adaptor model [15] which is more closely related to rote/meaningful
learning than other cognitive models. The authors’ stance also finds support in an
experiment conducted at the University of Central Punjab (UCP), Pakistan. However
the result of that experiment is the topic of another paper [16].

The learning styles model—not to be confused with cognitive styles catering
rote/meaningful learning—used in the system is based on VARK (Visual, Auditory,
Read-Write, Kinesthetic) model by Fleming and mills [17]. The VARK model is
repeatedly reported to be found in learners from developing nations [18]. The authors,
however, could not implement kinesthetic style due to software limitations.

Finally, the knowledge profile stores information about the current progress of the
learner, upon which a new activity—learning or assessment—is selected for presen-
tation. For further details of the system, the interested reader is referred to [16].

3.1 Disrupting the Rote Learning Loop

The system deploys a novel mechanism to disrupt the rote learning loop. The schematic
of the proposed design is given in Fig. 2. Upon starting a learning session, the system
—based on learner’s model—selects and presents a particular lesson—say C—to
learner. A learning lesson typically comprises 9 learning activities—3 visual, 3 audi-
tory, and 3 reading, denoted Cv, Ca, Cr, respectively—all focused on the learning
theme of that particular lesson. The arrangement of the presentation is decided
according to learner’s attributes. One learner may get visual first, then auditory, and
then read, while another may receive auditory-visual-read, or any other combination.

After completing the lesson C, the learner takes assessment “Test C”. The tests are
designed in a way that they track down the perturbations back to the segment of

Fig. 2. The learning loop disrupting the rote memorization
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knowledge where the misconception is stemming from. For example, consider a
question on loops in C++. The question may have 4 answers, amongst which one is
correct. The rest three are distractors, designed in a way that they point into the
direction where the learner’s knowledge is erroneous. For example, answer b tells that
learner has a problem with understanding conditional statements and relational oper-
ator, and option c may reveal that the learner is not good with pre/post increment
concept. Designing the assessment in such fashion allows tracking the source of
perturbations.

If a learner is successful in assessment, she moves to next segment of knowledge
taking the shortest possible path within knowledge domain. However, if the assessment
is incorrect, or partially correct, she may take one of several possible paths. A major
error in learning of lesson C takes her to sub-activity c1, a lesser problem to c2, and a
still lesser problem to c3—increasing subscripts denote reducing magnitude of error. If
the learner is taken to c1—a sub-activity of C presented in a different way to avoid rote
learning—she has to take sub-activity assessment “Test c1” as well. Completing c1
successfully moves her back to main C. However, if she is not able to successfully
complete c1, she is taken one level further down to c2. A successful completion of
“Test c2”, takes to the main assessment, and failure takes one step further down to c3.
If the learner is not able to complete the simplest level c3, she is then taken back to do
the entire learning of lesson C again.

3.2 Assessment Model

An important aspect in learning is assessment. If learners are expected—or trained—to
produce verbatim (principles, rules, formulas, definitions) answers in assessments, they
incline towards bare memorization of facts, i.e. rote learning [19]. To incline them
towards more meaningful learning experiences, the assessments shall be designed and
implemented with different expectations—no verbatim answers expected.

The test to be conducted on the students was divided into two parts: standardized
and adaptive. The standardized test had same questions and rubric for all the partici-
pants [19] and the scoring was done as (1), where Qcs represents the quiz from lesson c
with standardized questions, ri represents the response to the ith item in the respective
quiz. The response is calculated as (2).

Qcs ¼
Xn

i¼0
ri ð1Þ

r ¼ 1; correct answer
0; incorrect answer

�
ð2Þ

Therefore, this part of the assessment followed “criterion-referenced score inter-
pretations” scheme [20], which only considers if the students’ answer is correct or not.
As an outcome of this approach, a student may simply be declared as ‘fail’ or ‘pass’ for
the respective test if the cumulative score is � 50%.

The second part of the assessment consisted of an adaptive approach to rate the
learner amongst peers. The question bank consisted of calibrated (criterion: difficulty
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level) items which had been meticulously designed by pedagogues. The starting point
of this test was based on the score obtained in the standardized test. The score of
standardized test was stratified into 50–69%, 70–85% and >85%. This allowed the
appropriate entry point for the candidate into the adaptive quiz. The scoring of the
adaptive part was based on the formula in (3):

Qca ¼
Xn

i¼0
ri � 1

ai
� 1
wi

� 1
ti

ð3Þ

The penalty terms in (3) are a (number of times the student changed answer options
before submitting), w (number of times the student attempted the same question), and
t (the time taken by the student to answer, 1 in case of predefined time limit (90 s) and
2 in case of more time), defined respectively in (4), (5), and (6).

a ¼ 1; first click
k; kth change of option

�
ð4Þ

w ¼ 1; first attempt
k; kth attempt of the item

�
ð5Þ

t ¼
1; within 90 seconds
1 þ 1

p � k
� �

; kth 30 second interval

(
ð6Þ

The value of p can be empirically estimated. We used p = 10 for the experiments.
For the adaptive part of the quiz, a student can get the right answer in the first click and
attempt, in which case the ri will be the score of the respective ith quiz item. For all
other cases, the score Qca will depend upon the contribution from the penalty terms
and, thus, can never be 100%.

4 Research Methodology

The efficacy of first prototype was tested with CS1 students at the UCP. All participants
were enrolled into same 5 courses, including CS1, Basic Electronics, English 1, Social
Studies, and Logical Thinking. The students were not given the choice to select sub-
jects themselves—UCP freshmen are offered a pre-designed track in 1st semester.

The complete enrollment of 4 semesters (S15, F15, S16, and F16) was inducted
into the experiment. In S15, the students were taught with conventional methods. The
educational process was watched closely and the results were recorded. Meantime, the
content developers created English language content, and the system developers pre-
pared the first prototype. As soon as F15, the system was ready to go under first
efficacy testing. The content/system refinement continued in parallel with QA and error
correction, resulting in an updated prototype for S16, and a further improved form in
F16. The results of all these semesters were subjected to statistical analysis.
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The course chosen for the analysis was English 1, since the second language
learning is an area which is especially affected with rote learning mechanism.
Nonetheless, building vocabulary may be argued to base on a bare-memorization
technique, but comprehending information from a passage needs some creative
thinking.

4.1 Participants

A total of 1161 students participated in the experiment, of which 82 withdrawn from
the course of their studies in English 1, or dropped from the program altogether. Of the
rest 1079, 108 belonged to the control group. The remaining 971, were subjected to
different level of treatment. The students in F15 had the first version of the system,
which was improved for S16, and in a still improved form for F16. Hence, the level of
treatment for the subsequent semesters was increasing. Table 1 enlists the total number
of students in each group. The students under the head grading are those whose data
were included into the analysis. The enrollment of both S15 and S16 was divided into 3
sections, while F15 and F16 had 10 and 11 sections respectively.

Since, all students belonged to the same semester of same program, hence they
were assumed to have similar profile, including prior knowledge, the skills learned, the
courses taken, and the level of studies already achieved. Moreover, they were enrolled
in UCP via the same admission process/criteria, passing the same admission test, and
fulfilling the same entry requirements, hence ensuring a similar knowledge profile
across entire population.

Table 1. Number of students enrolled, with-
drawn, and continued in each semester

S15 F15 S16 F16

Sections 3 10 3 11
Graded 108 352 133 486
Withdrawn 30 6 5 41
Total 138 358 138 527

Table 2. Number of sections in each seme-
ster with respective enrolment

Sections S15 F15 S16 F16

A 42 27 46 47
B 38 29 49 46
C 28 36 38 –

D – 27 – 41
E – 35 – 50
F – 40 – 51
G – 40 – 37
H – 39 – 35
I – 40 – 48
J – 39 – 51
K – – – 46
L – – – 34
Total 108 352 133 486
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The same team taught all 4 semesters. However, the number of teachers engaged
differed for each semester. F15 and F16 being more populous had more teachers
engaged into teaching than spring semester, as detailed in Table 2.

4.2 Procedure

Since, the fall semesters normally gets more intake, F15 and F16 had more sections as
compared to the spring semester. The section assignment was on first come first serve
basis. At any given time, only one section was open. As soon as a student was admitted
to the program, she was assigned to the open section. Once, the opened section had
received enough enrollments, it was closed, and another section in line was open. For
example, the first student was admitted to section A, and all the forthcoming 49 other
students were assigned to that very section. Once, the section A had 50 enrollments, it
was marked close and section B was opened, and so on. Moreover, the teacher
assignment for the sections was not known at the time of student enrollment, hence, no
teacher preference bias was induced.

Contrary to the conventional learning procedure in S15, the subsequent semester
were mostly automated. The lessons were delivered mostly with the help of AEH,
though the teachers taught some portions manually as well. The quizzes and assign-
ments were mostly delivered and assessed and recoded through the AEH interface.

Each instrument had a specific weight in the final grade of the students. For
example, the quizzes comprised 15% of the total weight, and so do the assignments.
The class participation comprised of 5%, and the presentation was weighed 10%. The
mid-term and the final-term was 25% and 30% of the total grade, respectively.

All the instruments were designed in a way that they minimized the chances of
producing verbatim answers, even in S15. However, S15 procedure does not have
perturbation tracking mechanism providing learning iterations over learning modules.
The instruments in each semester were analyzed and improved for further adminis-
tration into upcoming semesters. The major improvement was introducing answers
which were more innovative and creative.

4.3 Tools and Materials

Both manual and automated system included several teaching interventions and
assessment instruments designed on similar pedagogical pattern, though differing with
respect to technology. Nonetheless, the exact number might have differed in a few
cases, but all students of all sections of all semesters received 45 contact hours, either
with AEH or without it. On the assessment side, 14 short quizzes were administered on
average, on weekly basis—one quiz a week—to track the perturbations in students’
current state of knowledge. Similarly, 4 assignments, a class participation activity, a
presentation, a mid-term and a final-term exam were administered, either manually or
via AEH.

In S15, the students used paper based instruments including all quizzes, assign-
ments, and exams. Nonetheless, the presentation and the class participation activities—
and even assignments in some cases—involved the use of multimedia and word pro-
cessing. Contrarily, almost all tools and materials in F15, S16, and F16 were computer
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based. All quizzes were administered electronically through the use of AEH, as well as
assignments which were delivered and collected through the same platform. However,
the exams—mid and final—still remained paper based. One standard outline was
followed throughout four semesters.

5 Statistical Analysis and Results

The dependent variable (the numerical grade of students) produced 4 distributions,
namely S15 [N = 108, M = 66.93, SD = 9.49], F15 [N = 352, M = 69.71, SD =
10.77], S16 [N = 133, M = 73.26, SD = 10.53], and F16 [N = 486, M = 80.96,
SD = 7.40], chronologically representing each semester included into the study. The
sample size in each semester varied—the authors had no control over enrollment. To
the authors’ surprise, no assumptions of parametric analysis was tenable in any dis-
tribution. The Shapiro-Wilk test—used to test the normality of data in samples—did
not accept the null hypothesis of normality for any distribution [S15: (p = .004), F15:
(p < .001), S16: (p = .007), F16: (p < .001)]. The same was confirmed through the
visual inspection of Q-Q plots as depicted by Fig. 3. Adding to non-normality, large
number of outliers appeared in some distributions, as depicted by the boxplot in Fig. 4.
The assumption of homoscedasticity was not tenable as well. The Leven’s test of
homogeneity of variance failed to accept the null hypothesis of equivalent variance in
all 4 distributions [F(3, 1075) = 16.68, p < .001].

(a) Spring 2015 (b) Fall 2015

(c) Spring 2016 (d) Fall 2016

Fig. 3. Q-Q plots of all four distributions
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Since, the assumptions of parametric analysis were not tenable, the authors opted
for Kruskal-Wallis test for Analysis of Variance, reported to be the most favored
nonparametric test [21]. The Kruskal-Wallis H statistic showed that there was a sta-
tistically significant difference between distributions [v2(3) = 352.02, p < .001,
RS15 = 287.56, RF15 = 376.78, RS16 = 483.55, RF16 = 729.76]. Further analysis with
non-parametric Jonckheere-Terpstra test for ordered alternatives showed that there was
a statistically significant trend of increasing median amongst distributions [JJT =
296705.00, z = 18.67, p < .001], remarkably in a chronological order. The same was
confirmed by the visual analysis of the means plot presented by Fig. 5. Both means—
the means of the original distribution and the means of transformations—had an
increasing trend in the chronological order of semesters, i.e. progressing from S15 to
F15, and then from S16 to F16, with F16 having the highest mean and median.

6 Discussion and Implications

The statistical analysis of data generated in 4 semesters revealed interesting facts. First,
the H-statistic indicated differences in grade distributions of 4 semesters. Then, the
means of the raw scores turned out to be rising in chronological order, indicating a
positive change in learning, assessed through quizzes, assignments and exams. The
positive change was however not attributed to the chance alone, since the data was
subjected to chance-corrected statistical methods, like that of Kruskal-Wallis test. The
H-test also indicated a difference in the means of transformations created from the
original grade distributions. Moreover, the ranking test (Jonckheere-Terpstra) indicated
the same chronological ordering, as was observed through visual analysis of means of
raw distributions.

The authors draw the most important implication that the rote learning hinders the
meaningful learning, and hence performance and creativity of the students in respective
area. The argument is backed-up in the literature, as well as finds supports in the
experiment reported here. Albeit being a less-respected learning technique, the students

Fig. 4. Boxplot of grade distributions

Fig. 5. Means plot comparing arithmetic
means of the distributions with ranked means
of transformations
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are somehow compelled to choose rote learning due to its ability to strip the complexity
off the topic. Contrarily, the educators’ community wants pupils to learn things in more
meaningful ways. Nonetheless, achieving this goal is difficult with conventional ped-
agogies. The teachers can deliver lectures in novel ways, engage students in meaningful
activities, design creative assessments, reward for novelty and innovation, but admin-
istering all this with a large number of enrollment seems difficult, if not impossible at all.

One promising solution is the use of AEH systems, which were previously targeted
over the customized learning experience. The authors suggest that the AEH—and the
learning and assessment modules—shall be designed in a way that they enforce stu-
dents to refrain from rote learning. In support of their argument, the authors have
demonstrated how an AEH system can be designed and implemented to disrupt the rote
learning loop.

Nonetheless, controlling all variables in a social science educational setting was not
possible. However, the researchers tried to keep the execution all the same across all
these years. The only difference induced was in form of educational technology used
for learning and assessment. Nonetheless, the students also were changed during each
term, however, the induction process for new students remained the same and the
students—though changing personally—belonged to the same population.

7 Conclusions and Future Work

AEH can help in changing the preferred learning strategy of the student. One possible
course of action is to design AEH with situated learner attributes considering factors
which are compelling student body to learn via rote methods at large. Additional to the
learning and cognitive attributes, the learning management can, as well, push the
students towards rote learning. Learning management inculcating rote learning
involves (1) designing and implementing such learning activities which loop on the
same thing several times, (2) designing and implementing assessments which are
answered with remembered concepts, and (3) rewarding for the verbatim answers. The
design of an AEH shall also consider these factors as well. The authors have built such
an AEH with a proposed novel assessment system, and the experiments show positive
effects on learning.

In the future, the authors want to run further real-time experiments with the system
to gather more data on the efficacy. The authors also plan on running two separate
subjects, one with the AEH, and the other in a conventional manner to compare the
results.
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