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ABSTRACT

The rapid expansion of online resources and the emergence of self-directed learning (SDL)
opportunities have transformed traditional education methods. This raises the question of how
well people can learn on their own without the aid of a human teacher. In our previous work
(Leddo et al., 2017), we found that gifted and talented (GT) students learned basic computer
programming equally well on their own or when taught by a human teacher while non-GT
students learned better when taught by a human teacher than on their own. This raises the
question of how well students can continue to learn on their own as the subject matter becomes
more advanced. Nittala et al. (2022) found an interaction effect when students were learning
advanced material, specifically GT students did better on their own than with a teacher while
non-GT students still learned better with a teacher. The present study investigates whether GT
students can reach a “breaking point” when trying to learn very advanced material on their own
compared to learning with a teacher. 24 GT middle and high school students learned a very
advanced topic in biology, taught either by a teacher or by reading a scientific publication (self-
directed learning-SDL). The results showed that GT students performed significantly better when
learning on their own than when learning with a teacher. Future research should focus on what
knowledge-building mechanisms are mediating this trend in which the more difficult the subject
matter, the better GT students learn on their own than with a teacher.

Introduction

The advent of the Internet has changed the way people learn. While people still go to school and
learn the basic curriculum through the traditional classroom setting, they are now supplementing
their learning with online resources. There are even online courses on platforms such as
Coursera, EdX, Udemy, etc. where people can earn certifications. Even less structured ways of
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learning are from YouTube videos and reading online articles. Self-directed learning (SDL)
research has been focused on characteristics of SDL programs that increase its effectiveness (cf.,
Firat, Sakar, and Yurdakal, 2016; Sumantri and Satriani, 2016), student interest and motivation
(cf., Oladoke, 2006; Pintrich, 2004; Song and Bonk, 2016), and student self-
efficacy/metacognitive strategies (cf., Dagal and Bayindir, 2016; Saeid, and Eslaminejad, 2017;
Schunk, 2008).

Much of SDL research has been conducted on adult populations, so we wanted to expand the
work done on children, especially since many of them are supplementing their education with
resources from the Internet and are even learning topics that are not offered to them in school.
More research with children would also show the factors that impact their learning without the
guidance of an adult. One of these factors could be student aptitude.

Many school districts test for student aptitude and place the more advanced students in gifted and
talented (GT) programs where they learn curriculum above their grade level. However, these
students are still taught by teachers, so it is interesting to see how they will perform if they are
left to learn on their own. In our previous study (Leddo et al., 2017), we tested whether there is a
difference in performance in GT and non-GT students when taught by human teachers or learn in
an SDL environment. The study involved the teaching of introductory computer programming to
two groups: a teacher-led one and a self-directed one where students learned from videos.
Students in both groups had no prior computer programming experience. Students in both groups
individually made a website as their post-test, and these were scored by experienced web
designers. The scores showed that GT kids learned the same regardless of whether they were
self-directed learners or taught by a teacher, while non-GT kids learned better with a teacher.

Given that introductory computer programming is a relatively simple topic, the question
becomes, “How far can students learn on their own?” Can GT students continue to learn
advanced material on their own as well as they can with a teacher? This question was
subsequently tested by Nittala, Leddo and Nittala (2022). In that study, GT and non-GT students
learned an advanced topic in biology, cellular senescence and its relationship to aging, either on
their own or by being taught by a teacher. This time, results showed an interaction effect
whereby non-GT students learned better with a teacher as before, whereas GT students learned
better on their own.

Given that the Nittala, Leddo and Nittala (2022) study did not demonstrate a “breaking point”
where GT students no longer learned better on their own than with a teacher, the present study
decided to push the envelope more by giving students an even more advanced topic to learn.
Since the pattern held in our previous two studies that non-GT students learn better with teachers
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than on their own, the present study did not investigate the learning of non-GT students on this
very advanced material.

Method
Participants

There were 24 high school and middle school students from Fairfax County and Loudoun
County in Virginia who participated. These students were all a part of a medical machine
learning class. Every student was a part of a GT program. Students were not paid to participate in
the experiment.

Instructional materials

The self-directed group was taught with one scientific publication. The publication is a peer-
reviewed, published paper about cellular senescence and its effects on aging (Grimes and
Chandra, 2009). The paper provides an in-depth discussion of the different alleles and genes that
affect cellular senescence. The paper also discusses how cellular senescence can be used to help
with cancer therapies.

The materials used in the teacher-led group was a teaching script created from information from
the published paper. The teaching script represented a comprehensive summary of the article.

The other materials were a two-question pretest to make sure that Participants did not already
know the material covered in the journal article and a 20 question post-test that covered the
topics in the post-test. The questions were open-ended, so that students would have to generate
their own answers to questions.

Procedure

The total session lasted two hours. During the two-hour session, students first took a timed pre-
test for fifteen minutes to verify that the students did not already know the material to be taught.
Then, students were randomly assigned to a learning condition. There were 14 assigned to the
teacher group and 10 assigned to the self-directed learning group.

After they were split into their groups, they learned about cellular senescence and possible anti-
aging techniques. Students in the teacher-led group were taught as a group by a medical doctor,
who routinely tutors biology to high school students, and who was blind to the fact that her
students were part of an experiment on learning. The medical doctor used the instructional
materials—both the publication and the teaching script-- provided. Students in the self-directed
learning condition learned at their own pace by reading the provided publication. Finally, all
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students took a 20-question, timed post-test for twenty minutes to test how much each student
learned.

Results

The results on the pre-test and the post-test were scored. No students had prior knowledge of the
topic and therefore scored O on the pre-test.

Accordingly, Table 1 presents the mean post-test scores, broken out by instructional method
(self-taught or teacher taught).

Table 1: Mean Post-test Scores by Instructional Method (out of 20)

Self-Taught | Teacher Taught

Gifted and Talented 11.9 6.71

A t-test was performed on the data. The t-test showed that GT students learned significantly
better (almost twice as well) when learning on their own than when taught by a teacher, t = 3.58,
df = 22, p <. 002. These results were consistent with the Nittala, Leddo and Nittala (2022)
findings that GT students learn very advanced material better on their own than when taught by a
teacher.

Discussion

The present results show that, for very advanced subject matter, GT students learned
considerably better when engaged in self-directed learning than they did when engaged in
teacher-led learning. In fact, if we look at the three studies in our series: Leddo et al. (2017),
which looked at learning basic computer programming; Nittala, Leddo and Nittala (2022), which
looked at learning an advanced topic in biology; and the present study, which looked at learning
a very advanced topic in biology, we see a pattern in which the more difficult the material
becomes, the better GT students do on their own compared to being taught by a teacher.

On the one hand, the present results do not directly answer the question of whether there is a
breaking point where GT students can no longer teach themselves as well or better than teachers
can. On the other hand, the fact that GT students scored higher on their own than when taught by
a teacher is not the complete story here. GT students still scored, on average, below 60% on the
post-test. Therefore, GT students by no means mastered the subject matter they were learning.
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This is understandable since GT students did not have sufficient foundation for the new material,
as evidenced by the fact that each student scored O on the pre-test. Nevertheless, these results do
suggest that GT students were reaching a breaking point in what they could learn on their own as
their performance on the very advanced subject matter post-test was low.

However, since teacher-led students performed even worse than the self-directed learning
students did, we cannot attribute the low post-test scores to the lack of a teacher. Rather, the
logical explanation is that self-directed learning performance dropped due to lack of a foundation
in the subject matter. In order to truly test whether GT students can continue learning
increasingly advanced material without the aid of a teacher, we need to conduct a study in which
GT students engage in self-directed learning of progressively advanced material that builds on
the previously learned material.

The above discussion notwithstanding, there still remains the trend that the more advanced the
subject matter, the better GT students are doing by learning on their own than with a teacher.
This raises the fundamental question of what is transpiring when GT students learn on their own
compared to when they learn from a teacher? What do they get from themselves that they do not
get from a teacher? This seems reminiscent of the findings described in Leddo et al. (1990) in
which experts were studied to determine what knowledge they had that differentiated them from
non-experts. Leddo et al. (1990) found two things that may be useful here. First, Leddo et al.
(1990) found that experts tended to have greater knowledge of cause and effect principles—the
why things worked the way they did—than did non-experts. Second, the authors also found that
experts reported that their expertise did not come from what they learned in the classroom, i.e.,
was not imparted to them by teachers, but was acquired from experience, i.e., they learned on
their own.

If the results of Leddo et al. (1990) are applied to the present study, they create a hypothesis
about what may be happening with the GT students. It may be the case that when the teacher is
reviewing the concepts in the publication, she may be presenting them more factually. When GT
students are learning on their own, they may be emulating the experts in the Leddo et al. (1990)
study and developing a deeper, more cause and effect-based understanding of the subject matter.
This deeper understanding may allow GT students to derive correct answers from general
principles rather than having to memorize them as they may be doing when learning on their
own.

One way to test if this is the case is to assess the type of students’ knowledge as well as students’
accuracy in answering questions. The assessment would seek to determine whether self-taught
GT students develop more causal knowledge than do teacher-taught students and whether student
performance on a post-test correlates with the amount of causal knowledge the student develops.
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To accomplish this, we can use the Cognitive Structure Analysis (CSA) assessment technique
(Leddo et al., 2022; Ahmad and Leddo, 2023), which is a question and answer technique that
assesses how much factual, procedural, problem solving strategy and rationale (causal)
knowledge that people have about a subject matter. Assessments produced by CSA have been
shown to identify what types of knowledge are most important for problem solving in different
subject areas and could be useful in a similar capacity here.
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