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Abstract

Geometric optics requires strong problem-solving skills that can be improved through practice. Due to
time constraints, more practice in the classroom is not typically possible. An online homework application
called Kognify (Kognify Assessment and Skill Development, PL, Chennai, Tamil Nadu, India) enables
students to perform online “workouts” at their convenience. Thirty-four students used Kognify from July
to September 2016 to practice problem-solving skills related to the course Geometric Optics-II (GO-II).
This differed from the approach in previous semesters, during which only in-class, on-paper quizzes
were used. When Kognify was used, students achieved better scores on mid-semester and
comprehensive exams (p<0.02 in both cases) as well as in overall course performance (p=0.005).
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Background

Online homework has been replacing traditional paper-based homework in many fields, including
chemistry, statistics, physics, accounting and mathematics; however, its impact on exam performance is
ambiguous. While improvements have been observed in many studies,1-24 other studies show little or no
improvement.25-32 Regardless, students and faculty have shown a strong preference for online homework
systems.1-32 Students receive feedback on their homework performance instantly and automatically as
practice problems are completed, which lowers the burden of evaluation for faculty members.8,15,21

The use of technology in optometric education is becoming more common. Recently, a study compared
the use of digital assessments with paper-based tests in geometric optics.33 The creation of an online
problem set for optics was also reported, but the report did not discuss its use by students.34 There are
no publications to date that describe the effectiveness of online homework systems in the field of
optometry.

This research paper describes the use of an online homework system — Kognify (Kognify Assessment
and Skill Development, PL, Chennai, Tamil Nadu, India) — for training students of optometry in the
Geometric Optics-II (GO-II) course. In previous semesters, 15- to 30-minute paper-based quizzes were
used to assess GO-II students’ knowledge of the subject matter. The quizzes were conducted weekly
during the 2.5- to 3-hour class periods. Each quiz assessed knowledge of the concepts that had been
covered in the previous class. A teaching assistant evaluated the answer sheets within the following
week. Any individual or common mistakes were discussed on a later date. This method was time-
consuming but used because more practice for problem-solving and application of concepts was crucial
at this early stage of learning. Students in these previous semesters felt the need for more faculty
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guidance in solving problems, but extra class hours could not be allotted due to time constraints. To
address these concerns, Kognify was employed in 2016.

Kognify is an online homework application.35 Many school systems use Kognify in high school
education.35 The faculty create a database of multiple-choice questions in Kognify along with topics and
objectives that can be tagged to their questions. Students can access Kognify through the Google
Chrome or Firefox web browsers or an Android app for mobile use. Groups of questions are presented
randomly as “workouts” that are given to students on a regular basis. Faculty can customize the number
of questions in a workout, the time limit and the number of workouts per week. Faculty monitor
performance in terms of accuracy and response time. A report is generated and shared with each
student for every topic. Concepts are then reinforced as needed during class time via student-teacher
interactions.

We tested whether Kognify would improve exam performance compared with employing regular weekly
quizzes. This paper reports data that support the efficacy of Kognify in improving exam performance
scores in the GO-II course in optometry.

Methods

The study was conducted at the Elite School of Optometry, Chennai, Tamil Nadu, India, which is
affiliated to Birla Institute of Technology and Science, Pilani, Rajasthan, India. The study compared two
groups of students. The first group took GO-II in July to December of 2015 (CO2015). CO2015 consisted
of 31 students (10 males and 21 females), ages 17-19 years as of January 2015 (mean age ±SD =
18.08 years ±0.41). The second group of students took GO-II in July to December 2016 (CO2016).
CO2016 consisted of 34 students (9 males and 25 females), ages 17-19 years as of January 2016
(mean age ±SD = 17.98 years ±0.5). Note that South Asian Indian optometry students are younger than
their North American counterparts because optometric education is an undergraduate degree program in
India. However, the syllabi for geometric optics courses do not substantially differ between the two types
of programs. The syllabi for the Geometric Optics-I (GO-I) and GO-II courses taught at Elite School of
Optometry, Chennai, are shown in Appendix A.

Both CO2015 and CO2016 had the same syllabus, and the same faculty members taught their theory
classes for both the GO-I and GO-II courses. Both classes went through the university-mandated
continuous assessment process during the semester. This consisted of three evaluation components
(EC1, EC2 and EC3), a comprehensive exam and a practical exam. Table 1 shows the breakdown of
the total course grade. EC1 and EC3 were paper-based class assessments on topics covered for that
month alone. EC2 (a mid-semester exam) and the comprehensive exam were scheduled written exams
that covered topics taught up to those points. A common examination format was followed for all the
semesters for EC2 and the comprehensive exam as suggested by the institution (Table 2).

Table 1. Click to enlarge Table 2. Click to enlarge

The CO2015 students were trained using frequent in-class quizzes as described above. For the CO2016
students, Kognify was used as a replacement for the in-class quizzes.
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Implementation of Kognify workouts for GO-II

Each CO2016 student was given a free password-protected user account. An initial training session on
use of Kognify was given at the premises on July 18, 2016. Students were invited to perform timed
workouts two to five days per week from July 19 to Sept. 16, 2016. Faculty added multiple-choice
questions on a regular basis and tagged the questions with their topics and learning objectives. Five to
10 questions formed a part of each workout. The questions, as well as the answer choices, were
randomized. The questions reflected topics covered in the class that week (every Monday). The
concepts and problem-solving techniques delivered in the class were therefore revisited through the
workouts.

Table 3. Click to enlarge

Students with Android phones performed the workouts through their phones, while the rest used laptop
or desktop computers. The students could log-in multiple times in each workout and had the option of re-
attempting questions until they submitted the workout or the time expired. The time allotted for the
workouts was liberal. Students were allowed to refer to books. Individual doubts were clarified via e-mail
and WhatsApp messaging. The students were aware of their scores via the summary reports generated
in their individual user accounts. Once most of the students had completed a workout, the assessment
with the answer key was e-mailed to them for future reference. The students were encouraged and
reminded to take these workouts, but no incentives were given to students to complete the workouts.
The compliance and performance in these workouts were not considered toward the final scores in any
way.

Table 4. Click to enlarge

If a student wanted a repeat workout due to absence, a power outage, accidental logout or any other
reason, it was arranged for them. If the faculty felt that unusually less time was taken, or a workout was
badly performed (less than 50%), a repeat workout for only those students was arranged. The repeat
workouts consisted of the same assignment, but the questions and answer choices were randomized.
Workouts could be repeated only once. Table 3 provides details regarding the number of students who
took repeat workouts. Before the mid-semester exam (EC2), a review workout was given for practice.

Students used Kognify from mid-July to mid-September 2016 until the comprehensive mid-semester
exam (EC2), which included subject matter covered for EC1 (involving significant mathematical
calculations, formulas and important concepts) (Table 4). Kognify was not employed prior to the end-of-
semester comprehensive exam.

The Institutional Review Board (IRB) considered the study proposal and declared it exempt from a formal
IRB approval.

Statistical analysis

Data analysis and plotting of graphs were performed using the statistical package RStudio, (R version
3.3.2, The R Foundation for Statistical Computing).36 The normality of the data distribution was tested
using the Shapiro-Wilk test. First, GO-I scores for each of the classes were compared to establish a
similar academic ability between the classes. The EC2 and comprehensive exam were compared for the
GO-I course for CO2015 and CO2016 using the Mann-Whitney U test. Then, GO-II scores for the mid-
semester exam (EC2) and final comprehensive exam for CO2015 were compared to those for CO2016
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using the Mann-Whitney U one-sided test. It tested the alternative hypothesis that the GO-II scores of
CO2016 were better than the GO-II scores of CO2015. A p-value of 0.05 was considered statistically
significant in all analyses.

EC1 and EC3 were not separately analyzed because they were not assessed in a structured and
common examination format across classes and semesters. Practical exam scores were also not
compared separately.

Results

Because many scores in CO2016 were not normally distributed, nonparametric statistics were used.
Normality was tested using the Shapiro-Wilk normality test for the comprehensive exam and EC2 (mid-
semester exam) across all semesters. Distributions deviated from normality for the comprehensive exam
(W=0.916, p=0.01209) for GO-I in CO2016. EC2 (W=0.911, p=0.009) for GO-II in CO2016 also lacked
normal distributions.

The academic skills of CO2016 and CO2015 were similar, as confirmed by the absence of statistically
significant difference in their GO-I scores [Mann-Whitney U test: EC2 exam (Med. diff.=0 marks,
W=468.5); comprehensive exam (Med. diff.=3.50 marks, W=500.5); p>0.05 (not significant) in both the
cases]. Table 5 summarizes the means, standard deviations, medians and 95% confidence intervals for
the mid-semester exam (EC2) and comprehensive exam scores in GO-I and GO-II for CO2015 and
CO2016.

Table 5. Click to
enlarge

Figure 1. Mid-semester exam (EC2) and comprehensive exam
(Comp) Scores in Geometric Optics-I and Geometric Optics-II
for CO2015 and CO2016. Click to enlarge

Figure 1 presents the box plots for scores obtained in GO-I and GO-II for both classes. Better scores are
seen in the class that used Kognify compared with its CO2015 counterpart that used conventional
practice methods [Table 5: Mann-Whitney U test: EC2 exam (Med. diff.=2.63 marks, W=369, p=0.0193);
comprehensive exam (Med. diff.=7.31 marks, W=210, p<0.0001).

Discussion

The results of the study suggest that Kognify improved students’ performance over the conventional
method of weekly on-paper quizzes. This is evident from the performance of the CO2016 students on
their GO-II exams, which was much better when compared with the performance of the CO2015
students.

Concepts and problem-solving skills acquired in the GO-I and GO-II courses lay a strong foundation for
other subjects such as visual optics, contact lenses, optometric optics, dispensing optics and low vision
aids. Thus, reviewing concepts and practicing solving problems are essential. Remote faculty interaction
with Kognify makes these goals achievable outside of time-constrained classroom hours. Apart from
setting up the workouts and reviewing performance reports daily or weekly, faculty communicate with
students individually about needed areas of improvement via email, SMS and WhatsApp. This further
reduces dependency on additional teaching staff, who may instead be trained to set up Kognify workouts
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and analyze students’ performance.

Kognify provides instant feedback, a feature of great benefit to students and teachers, as with other
online homework systems.8,15,21,27,39-41 In addition, Kognify provides a summary report of student
performance across all topics covered. Feedback from Kognify coupled with off-line comments from
faculty increased student motivation to study, as reported by students during informal conversations with
faculty.

Kognify also helps to build rapport between faculty and students. Students who were generally hesitant
to seek help in the classroom were given a platform from which to reach out to faculty or peers on a
regular basis. Such benefits of online homework systems have been reported previously as well.4,5

Adoption of Kognify for the current study went smoothly except for a couple of instances. One student
forgot her password and it had to be reset. Also, despite several reminders, 50% of the students (17 of
34) missed one or more workouts. One student didn’t use the system fully due to health issues and
completed only 9 of the 27 workouts. Students who missed two or fewer workouts had better scores on
the mid-semester (EC2) and comprehensive exams, but this negative correlation is weak (p=-0.24,
Spearman’s rank correlation) (Figure 2). Many factors influence performance on exams; therefore,
additional studies can be conducted to identify the population, based on skill and motivation level, that
will benefit most from online homework.

Figure 2. Scatter plot showing Geometric Optics-II mid-
semester exam (EC2) scores for batch CO2016 vs. number of
Kognify workouts missed. Click to enlarge

In the current study, the students were given the liberty of multiple logouts and repeat tests. Although
encouraged to take workouts without any help, they had the opportunity to re-learn a concept and re-do
a question. Each student has a different learning strategy, which can influence performance on exams.
Future studies can evaluate the effect of study habits (e.g., average time spent on workouts, number of
repeat attempts and performance on online workouts) on final exam performance, as has been done
elsewhere.43-45

The students were initially highly motivated to perform the Kognify workouts, but participation dropped
over the weeks. With the burden of other subjects and activities, they needed more reminders to
complete their tasks. Nevertheless, the minimum compliance was 61% (21 of 34 students participated
across all workouts). To make students more participative, timely completion of Kognify workouts and
scores in the workouts can be considered in determination of final grades, as suggested elsewhere.46-48

Further, if students bear the cost of the Kognify subscription, better compliance may be expected.
Dedication and motivation level of faculty members, teaching assistants and students are important to
the success of online homework systems, as reported earlier.4,13,49

Although this study took a quasi-experimental approach, it can pave the way for future prospective,
randomized, controlled studies. A questionnaire to gauge students’ satisfaction with Kognify would be
useful in the future.

Conclusion

This study suggests that online homework systems such as Kognify can be effective in training
optometry students in problem-solving skills for geometric optics courses. Kognify can be useful for
students facing qualifying exams, fellowship exams and board exams. As experienced in this study,
Kognify can help faculty to plan classroom time to review concepts taught earlier and to clarify student
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questions before proceeding to the next lecture. It can also help students better understand the concepts
with well-planned workouts that can be used anywhere, anytime.
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