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B REVIEW ARTICLE

ABSTRACT: Involvement by high school students in scientific inquiry expands experiences and enriches education. Research
experiences can be utilized in high school education in an attempt to improve students’ critical thinking skills through introducing
the following interventions: science fairs, in-class experimentations, and research papers. The aim of this study was to collect
current data and discuss the efficacy, drawbacks, and future goals for these interventions. The objective of this study was to develop
an outline of how research might be introduced into the high school curriculum and present the strengths as well as limitations of
such initiatives. This review was written in a scoping review format using the five stages of the proposed approach by Arksey and
O’Malley and advanced by Levac, Colquhoun, and O’Brien. PubMed and Gale Academic OneFile databases were used to search
for articles related to high school students engaging in research. While each method of implementation of research into the high
school curriculum has its strengths and limitations, they can be used in conjunction to complement each other. Implementing
research into the curriculum may improve education at the high school level if it is incorporated correctly. Additionally, providing
more opportunities for high school students to get involved in research may help guide interested students toward a suitable career

path and may even spark new interests in some students.
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B Introduction

Research, which is the act of inferring new ideas based on
past knowledge and investigating the truth of those ideas using
observations, is an important aspect of science that allows for
the evolution of human knowledge." A study suggested that
high school students’ performance in science education has
been on a downward trend, suggesting that the importance of
science is being diminished over time." Teaching students how
to conduct research may have the potential to improve many
basic skills one might need in life, such as critical thinking
skills and the ability to consult multiple sources before making
conclusions on a subject.

In Canada, high school is a fundamental part of the edu-
cation of students. It provides a basis of knowledge required
to enter the workforce or specialize that knowledge further
through higher education. Currently, in the general science
curriculum, science is taught in a way that “does not stimulate
application-based approach of course delivery” or the ability to
make conclusions by oneself.” Instead it emphasizes memori-
zation over application of material.? It has been suggested that
this can cause students to lack critical thinking skills and be
unable to create causal links.” To develop students' abilities in
science, research can be used to show them methods by which
ideas are discovered, thereby developing their abilities to think
critically.

There are numerous ways through which research can be
introduced to high school students including the following:
science fairs, in-class experimentations, and adding research
papers into the science curriculum. Science fairs are science

projects that groups, or individuals can work on which will
be evaluated by a group of judges. Since there are both com-
petitive and non-competitive science fairs, it is a good way to
inspire interest in science education. In-class experimentation
is a method that can provide students with experience in the
science field by providing opportunities to preform experi-
ments firsthand. Lastly, research papers can be implemented to
help students critically think about scientific topics.

There are currently several uncertainties in the area of re-
search in high school education. Firstly, it is unknown which
method of research incorporation into the high school curric-
ulum introduces the greatest benefits while also minimizing
the drawbacks for the students and faculty. Additionally, the
exact effectiveness of each method is also unknown as there is
a lack of quantitative studies analyzing the effectiveness of each
method. While there is a lack of quantitative assessment, ex-
pert opinions have been compiled in this paper. The final area
of concern is the gap between successful and struggling stu-
dents which may be created by introducing a richer curriculum.
Given the large amount of uncertainty, a more collaborative
effort, and a summary of what has been previously studied is
required. It is beneficial to know what the research shows so
that new principals, directors, and departments of education
will be better equipped to make more informed decisions for
future steps.

Early exposure to STEM (science, technology, engineering,
mathematics) at the high school level is important as it helps
young students direct their steps toward a suitable and fulfill-
ing career. Additionally, providing high school students with
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the opportunity to gain experience in the healthcare system is
another method by which students can discover their interests.
In this way, students can receive a holistic view of the roles and
responsibilities associated with various healthcare careers be-
fore deciding to pursue higher education in the medical field.

This study aims to collect the current data and discuss the
efficacy, drawbacks, and future goals for each of these inter-
ventions while also posing an outline of how research might
be introduced into the high school curriculum and presenting
the strengths and limitations of such initiatives.

B Methods

'This study was written in a scoping review format, which is
predominantly used when the topic in discussion has not been
well-researched. Scoping reviews are used to organize litera-
ture, unlike systematic reviews which address a single question.
There are various reasons why scoping reviews are conducted,
including covering key concepts, and analyzing and identify-
ing knowledge gaps. The five stages of the proposed approach
by Arksey and O’Malley and advanced by Levac, Colquhoun,
and O’Brien was used, which is considered a methodologically
rigorous scoping review. These five stages are as follows: (1)
finding research questions, (2) searching for relevant literature,
(3) filtering studies that do not fit the inclusion criteria, (4)
inputting the data in a chart, and (5) summarizing, acquiring,
and reporting the results.

This literature review searched through various databas-
es to locate studies that documented methods of engaging
secondary students in research activities. PubMed and Gale
Academic OneFile were searched for articles that have been
published between the years 2003 to 2020.

Inclusion criteria for the studies were: (1) the participants
had to include high school students and (2) the students were
conducting any form of research. Any studies with students
in higher education (e.g., undergraduate studies) and articles
that were not written in English were excluded. This study
searched articles related to the keywords below using the
following search criteria: adolescent [MESH and keyword
search], students [MESH and keyword search], research per-
sonnel [MESH], laboratory personnel [MESH], high school
[keyword search], secondary school [keyword search], middle
school [keyword search] AND research [MESH and key-
word search], science [MESH and keyword search], Proof of
Concept Study [MESH], Problem Based Learning [MESH],
experiment [keyword search], science fair [keyword search],
experimental [keyword search], STEM [keyword search],
informal learning environment [keyword search], hands-on
[keyword search].

B Results

Eleven studies fit the inclusion criteria described above.
Three studies analyzed the effectiveness of science fairs in
promoting interest and skill development in research and ex-
perimentation. These studies used student opinions regarding
their experiences to draw conclusions about the benefits and
drawbacks of science fairs, and whether or not they should
be mandatory. In addition, five studies focused on providing
students with real-world research experience. They accom-
plished this by giving the students a chance to work with

three studies focused on unique methods through which high
school students can conduct research inside the classroom.

Table 1: Review of data collected on effects of research implementation in

the high school curriculum.

Rodriguez,
B4

inquiry in researching alloys and
learning the chemistry, physics,
and geology behind

metallurgy.

Source Objective/ Goals Explanation /Method of Suggested Pros Suggested Cons
i ing research
Ro'sen -|The article sheds light | The plan is to teach the class |  Provides an opportunity for students [  Requires stu-
baum, JT: [ on the “pre-eminence | about the processes of scientific | to getinvolved in science and gain expe- | dents to spend time
Martin, of science in the Unit- [ inquiry through various methods | rience in the field. outside of general
TM.Farris, |ed States [being] | including partnering each student | e Teaches the students how to conduct | schooling under
KH.: endangered"1 The ob- | with a mentor, use of journal club | research specific instruction
R0 'sen -|jective of the article is | format, a hypothesis proposal. | e Study found that 73% of their gradu- [ only for science,
baum, R.B.: | to understand whether | and "hands-on" laboratory experi- | ates were planning careers in science or | which removes time
Neuwelt, | universities, specifical- | ence. health.1 from other critical
EAL Iy medical schools, can o Students were seven times more likely | subjects such as
teach high school stu- to rank the class as "influencing career | English.
dents’ scientific or life choices”1 o Incredibly re
inquiry. o The experience is given to students | source- intensive as
throughout the study “dramatically af- | each student has
fects one's attitudes towards science”! | a mentor who pre-
sumably has their
own  responsibili-
ties, creating a large
amount of work-
load,
Bril, The study uses re- [ To introduce students to scientific | e Increased depth of student's ques- | e Studies may
G.;Yarden, | search papers as a | inquiry research in developmental | tions req ire prior knowl-
A2 substitute to textbooks | biology was adopted into the cur- | e Introduces students to cutting-edge | edge.
ina classroom to stim- | riculum. The effect this produced | research that increases interest. o Hard to
ulate critical thinking | was profound in that students | e Significant increase in critical thinking | implement new re-
and deeper questions [went from asking questions | after reading just one study. search for students.
for high school stu- | about basic properties to asking « Can confuse some
dents. questions about causal links and students  forcing
comparisons. The effect of having them to  require
just one research paper added more help  from
to the curriculum created a sig- teachers.
nificant increase in the quality of
student questions.
Grinnell, F: | This article focuses [ To improve high school level sci- | o Provides experience to students on [ Since the writ-
Dalley, S:[on the improvement | ence, the writer proposes to make | how to conduct research er proposes to
Shepherd, | of high school level | science fair participation required, | o Is likely to help when getting into uni- [ make science fairs
K; Reisch, [ science by determin- |and in doing so, provide experi- | versities and colleges. mandatory, many
43 ing the strengths and | ence to the students. o It was shown in the article that the | students may not
weaknesses  of the students who participated in science [ be interested in
high school students fairs had an easier time researching, | science and as a
regarding science. A having access to various articles, and | result, may ot
survey was done to not having a hard time finding benefit from the ex-
collect the information resources, perience.
on the high school stu-
Polcino, C. [ This study introduces | The scientific method is in- |  Alloys are an age-old process that can | e Difficult to reach a
Jory.  B.|the process of making | troduced through alloys and | be meshed with history.. high level of critical
Sabety, J.;|alloys to high school | experimentation involving  alloys. | e Easy concept to pick up and use to | thinking with such
Jones, LG.; | students in an effort to [ Students’ existing knowledge was | learn scientific inquiry. an established con-
Ashcroft, J.; | teach scientific inquiry. | used and expanded upon with cept

« Concept may not
be known to many
students and would
be redundant un-
less it completely
replaces  textbook
work

Dolan, E.
Tax, F5

Brooks, E.:

This article talks about
providing  meaningful
research experiences
to high school stu-
dents, scientists,
teachers, and  the
students who work
together in order to
understand the inner
workings _of ~ science.
PREP (The Partner-
ship for Research and
Education in Plants)
uses classroom- tested
protocols to cooper-
ate with the students
in finding the function
of a disabled gene in
Arabidopsis through a
large- scale research
project.

First, the teachers must locate the
university or college with scientists
they wish to collaborate with. Then
they formulate a plan for the proj-
ect and find any additional things
they need including materials, re-
sponsibilities as well as schedules.
The first step for the students
is to study Arabidopsis and the
gene(s). As the experiment is
underway, they begin to collect
data and use critical thinking
skills to see differences be-
tween wild-type and mutant
plants.

Then after they finish their
analysis, the scientist can help
them interpret their results,

» Provides a way to present difficult
concepts.

« Amore engaging way of learning.
 Provides meaningful researching skills
and experiences.

» Alot of money and
funding is required
to do this research
project.

Naujock, J.7

This article talks about
incorporating field re-
search into the high
school science curric-
ulum to give students
experience in the real
world

Send students into real-world
scenarios that require them to
conduct research to answer prob-
lems.

» Students are more motivated.

» Students gain confidence and a sense
of accomplishment.

o Classroom dynamics between stu-
dents and teachers improve.

o It takes a long
time.

« General knowl-
edge that s required
by the curriculum
may  overwhelm
students that spend
time i field re-
search.

Kabacoff, [ This article is about | Disadvantaged youth get access |  Allows students to get a better under- | o Requires students
C. Srivas-| giving minority stu- [to a summer academic research | standing of science in the real world. [ to give up their
tava,  V;|dents the chance to [ experience that is an academic | e Allows them to learn in a real- world | summers, leading
Robinson, [ apply themselves in | internship. The goal is to fortify ac- | setting. to them losing their
N8 a real- world environ- | ademic and scientific skills. break from school,
ment and gain more increasing the
representation in the amount of stress

sciences they feel.

 This could lead
the disadvantaged
students, in the pro-
cess of catching up,
to fall further be-

Paul,

Lederman,
NG.; GroB,
18

The study investigates
the effectiveness of
science fairs as tools to
teach scientific experi-
mentation.

Experiments are essential for both
doing_science and learning sci-
ence. The aim of the German youth
science fair, Jugend Forscht, is to
encourage scientific thinking and
inquiry methods such as experi-
mentation.

o Science fairs are a universally acces-
sible form of learning experimentation
 Students learn to reflect on their work
and develop unique processes to exper-
iment

« Increase interest in science careers.

« Requires student
motivation.

« Can lead to some
students following
the wrong track of
thinking

o Lack of proper
materials and path-
ways to data leads
to falsification and
plagiarism of data.

Grinnell, F.

This article speaks on

Surveys are done by the students

o The improvements that are to be

* More survey re

one might do soin a lab,

Dalley, S.: [ improvement in high |to collect data on whether stu- [ made can help teachers provide more | sponses were filled
Reisch, J10 | school level science | dents developed an interest in | effective and more. engaging science | in by grades 9 and
by identifying the | science after their previous ex- | fairs 10 leading to a skew
strengths and weak- | perience with science fairs. By | e Students learn how to conduct re- |in the data against
nesses of ~students | proposing to make science fairs | search. grade 11 and 12
regarding science. mandatory, students will have | e Gives data on student opinions on | opinions.
more experience in the how to improve science fairs. « More girls than
subject and in conducting re- boys filled out the
search surveys leading to a
skewed result
Ericsson, J [ This article reported | Students are taken to a lab where | o Allows high school seniors to develop |  Significant knowl-
Husmark,T.; | on four senior high | they perform “density functional | research skills that will be applicable go- | edge barrier for high
Mathiesen. | school students who | theory (DFT) calculations to obtain | ing into university. school students to
C.; Sepah- | participated in a com- | the adsorption energy and struc- | e Allows advanced students  to contrib- | research ~advanced
vand,  B.| putational physics | ture of the toxic methylbenzene | ute to society in a meaningful way the | topics.
Borck. 0. research  project. In | molecule toluene on graphene11 | year before normally possible. o Time bartier for
Gunnars- | this project, students high-school stu-
son. | worked at a laborato- dents.
Lydmark. P; 1 ry for one week. They o Requires very
Schroder. | conducted research in high-level ~ students
EL computational  phys- which limits partici-
ics. to understand how pation
research is done in the
real world
Peffer, M.E.0 [ This article talks about [ SCI simulations are conducted | o It does not require a lot of resources. | « Educators would
B e c k -|the benefits of SCI| by accessing a website that has a | e Itis very time efficient. need to be trained to
ler,  M.L:|simulations in the | simulation that you can interact | e It sheds light on how scientists perform | implement this effec-
Schunn. C.; | classroom. with. You are then to work through | research in the real worl tively.
Renken. M.; the simulation in the same way « It requires access
Revak,A12

to technology, which
may be a challenge
in some communi-
ties.
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B Discussion

In this review paper, the need for the inclusion of research
in the high school curriculum was identified and several
methods to implement research were provided. To determine
effective methods for high school students to take part in
research, a scoping review was conducted. Three methods
were preeminent in providing an avenue to conduct research
including science fairs, in-class experimentation, and
incorporating research papers into the science curriculum.

One method of engaging high school students in research
is through science fairs. During a science fair, students are
asked to research and develop an idea that they present to a
group of judges. If the science fair is competitive, the judges
will evaluate all of the projects and subsequently crown
a winner. If the science fair is non-competitive, the judges
will give each contestant feedback on their ideas and areas
of improvement. Additionally, they will not declare a winner.
Each type of science fair has its benefits and drawbacks.
Competitive science fairs are shown to work better with
students who have already developed an interest in science
before competing. This is because these students have a desire
to compete and win the competition. This type of science
fair generally does not interest students who do not have a
passion for science. A study was done which gathered student
opinions on science fairs. In this study, one student mentioned
that when they were forced to compete, some students could
have an advantage as they might potentially have family
connections to a scientist or have been exposed to gathering
research from academic studies.® This leaves the students
without these aforementioned advantages feeling that the
science fair is futile due to their inability in competing with
other students who may have many more resources than
them at their disposal.® In conclusion, this type of science
fair is well suited for students who already display interest
in the subject of sciences, lending them valuable background
experience in research that could be used beyond secondary
school education. However, it can be unwise to force all
students to compete in science fairs, since many students who
either do not want to win or do not think they can win can
feel alienated from the competition.

On the contrary, non-competitive science fairs generally
appeal to a wider range of students. They can allow students
who have a passion for science to explore their areas of interest
and present them to the judges to get feedback on their
ideas. However, it does not take advantage of some students’
competitive nature in the same way that a competitive science
fair might. It also allows students who do not have an interest
in STEM (science, technology, engineering, mathematics) to
select a topic that they think they would be interested in and
develop a project based on that idea. As a result, these students
may develop a passion for a new topic while also providing an
opportunity to present it to the judges to get feedback on
their ideas. Non-competitive science fairs might not present
the same challenge that a competition traditionally would,
but they can still be considered an opportunity to improve
student skills. Both methods of implementing science fairs

types of students. A common issue between each of the
methods is that they can take an extensive amount of time
and resources to implement. The current Ontario curriculum
demands students learn a certain amount of core, foundational
knowledge to pass the exam stages and acquire a high school
diploma. In other words, introducing science fairs into the
secondary education module without altering the time spent
in other areas would increase the workload on students and
render them feeling overwhelmed.

Another method of introducing research to high school
students is through in-class experimentation and explanation
of ideas. For example, in order for students to learn about
alloys, they would be given the methods and materials to create
different alloys, then followed by being tasked with answering
questions about the process, and finally formulate conclusions
as well as potential causal links.

Consequently, students could be able to conduct research
and utilize the scientific method in a simpler, friendlier, and
more guided manner. This method can be applied in a way
to demonstrate the process by which scientific ideas in the
curriculum were discovered. Although in-class experimentation
has many benefits, there are still limitations as to what it
can accomplish. Primarily, most of the concepts introduced
through the experiments are well-established concepts. For
instance, one of the studies reported on teaching high school
students about creating alloys, a process that has been carried
out for hundreds of years.* As a result, it is possible that levels
of critical thinking are lessened. Another challenge is the high
financial demand for implementation. This includes difficulties
in covering the costs of the materials as well as the costs
associated with training teachers.

The final method is to use research papers to showcase to
high school students how to appropriately form causal links
and critically think about scientific topics. Before being exposed
to the way scientists think, high school students “tend to ask
only questions of the properties category.”* To show students
what type of questions to ask and how research is conducted,
they can read articles and make their own hypotheses while
following the research paper introduced to them. This can
allow students to ask deeply meaningful questions, form
creatively enhanced links and out-of-the-box style of thinking.
While this method requires significant alterations to Ontario’s
high school curriculum and serious effort from teachers to
implement, it is flexible in terms of the level of difficulty.
Implementing research papers may also be one of the easiest
for teachers to incorporate in high schools but could be one of
the hardest for students to grasp and understand. Even though
it requires no added infrastructure or materials, students
will become required to demonstrate effort into reading and
understanding advanced educational studies. It is important to
note that this method is the most well-documented in terms of
results as it has statistical evidence. A study was conducted by
Brill and Yarden®® in which secondary students were tasked to
create questions and answers. In advance of being introduced
to any of the learning, 94% of the students asked declarative
questions; however, after they were exposed to a research paper,
21% of the students made causal relationships.? The substantial
change in the types of questions asked after reviewing only
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one research paper demonstrates the efficacy of this
method of teaching students about science.” Notably, this
method of implementation can deliver promising benefits,
including the following: increased depth of questions, ease
of implementation, and an enhanced understanding of the
scientific method for students. Due to the lack of studies on
this topic, the effects that implementing research papers will
have on struggling students are not yet understood and no
sufficient analysis can be inferred on individual students.* One
possible way to implement this method into Ontario’s high
school curriculum is to introduce a research paper in every unit
and guide students through the procedure of learning research
work in detail. While reading the papers, students are shown
how researchers reach their conclusions and establish facts.

Strengths and Limitations:

A strength of the study includes how the study
identifies three ways of integrating research into the school
environment, as well as providing the positives and negatives
of each method. Identifying this allows the study to be more
impartial and less biased. The limitations of the study are
that there is a limited volume of academic literature, from
which statistical evidence is even more sparse due to which a
significant conclusion is hard to reach. Even though there is a
limited volume of literature on this topic, significant pros and
cons could not be included. It is recommended that future
studies focus on the interventions discussed in this review;
science fairs, in-class experimentation, and research papers
in hopes of providing more concrete statistical evidence
to support proper implementation of these interventions.
Another limitation of this study is that the criteria of the
searched articles may have excluded relevant articles and
journals. Furthermore, exploring more education systems
outside of the North American countries can help to analyze
different methods of implementing research in the high
school curriculum.

Future Steps:

To ensure the success of the interventions outlined in this
paper, multiple steps can be taken. Firstly, additional studies
can be carried out to analyze the different methods of research,
specifically the impacts of the methods on individual students.
Through conducting further research studies, the statistical
efficacy of each proposed method will be made clear. Secondly,
through the use of surveys, gathering the opinions of students
who have participated in the trials for the interventions will
be essential in applying for these programs on a large scale.
'This will allow students to offer advice on how to improve the
programs and limit their drawbacks. Through these surveys,
the curriculum can be modified to accommodate students.
Lastly, studies can be conducted to determine how research
may be implemented into the curriculum while ensuring
students will not be overwhelmed by their workload. It
is important to manage the load on students to make sure
the gap between successful and struggling students is not
increased, leading to an unfair working environment that is
unrewarding for struggling students.

B Conclusion

There are many promising methods that high schools can
employ to engage students in the process of research. Each
method has its limitations and benefits, which is why im-
plementing multiple methods can help compensate for the
weaknesses of each method. Firstly, introducing research to
high school students through research papers would be very
effective as an introduction because there would be minimal
changes to the infrastructure of the school. In addition, expos-
ing students to how experiments are carried out can help them
grasp more complicated forms of research. The students who
are interested in science can sign up for an optional science
fair in which they can gain experience in individually con-
ducting research. The effectiveness of implementing research
is corroborated by the consensus of all the studies discussed
in this review, that it is beneficial for students. Thus, it can
be concluded that integrating research into the high school
curriculum can be an important step to improving the level of
education in high schools
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