Science Education International
33(2), 171-180
https://doi.org/10.33828/sei.v33.i2.5

ORIGINAL ARTICLE

W

International Council of
Associalion for Science Education

The Effectiveness of POGIL on High School Student Chemistry
End-of-Course Examinations

Lawrence Edward Mata*

College of Doctoral Studies, Grand Canyon University, Phoenix, Arizona, United States of America

*Corresponding Author: chemhulk2001@yahoo.com

ABSTRACT

The purpose of this quantitative, causal-comparative research study was to determine if and to what extent there were differences
in chemistry end-of-course (EOC) examination scores between high school chemistry students taught using POGIL pedagogy and
non-POGIL pedagogy in the state of Utah. Piaget’s cognitive development theory and Johnstone’s cognitive load theory served as the
theoretical foundations. A large, public school district in the state of Utah provided the deidentified, archival data for this study, which
consisted of students that took a chemistry course and chemistry EOC examination in 20152016 or 2016—2017. The research question
sought to find whether there was a statistically significant difference in chemistry EOC examination scores for high school students in
both groups. A one-way ANOVA demonstrated a statistically significant difference between the POGIL and non-POGIL student groups
on the dependent variable of chemistry EOC examination scores, F(1,314) =29.91, p <0.001, partial n?>= 0.087, (p < 0.05). This study
supported POGIL pedagogy as an effective instructional strategy for improving student chemistry EOC examination scores.
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INTRODUCTION

he main goal of the educational system in the United
States has been to improve student performance

that will produce high school graduates who are
able to compete in the global workforce (Sargent, 2017).
Unfortunately, America students are behind their European and
Asian counterparts in both science and mathematics (National
Science Board, 2018; USDOE, 2016). The result from this
lack of American performance has produced a huge movement
in the Science, Technology, Engineering, and Mathematics
(STEM) pipeline, from kindergarten through college, aimed
at educating students by enhancing their essential academic
skills while encouraging students to pursue STEM majors in
college that will lead to STEM careers after college (Eddy
and Brownell, 2016; Kelly, 2016). According to Richardson
(2017), approximately 75% of the fastest-growing occupations
require a postsecondary degree with STEM-related careers
leading the field. One of the main challenges facing United
States companies will be a lack of qualified STEM workers
necessary to replace the positions of retiring STEM workers
(Berg, 2018).

Giffi et al. (2015) have reported that this potential shortage
of qualified STEM workers could create over 2 million job
vacancies during the next decade. Noonan (2017) has stated
that STEM-qualified workers are in high demand, and that
STEM occupations in the United States are projected to
increase 8.9% from 2014 to 2024. According to Jackson et al.
(2017), the STEM workforce in the United States will have

a projected increase of 17% in available STEM jobs for the
same time frame. Despite these projections for a national
STEM worker shortage, there are some researchers that
dispute a STEM occupation labor shortage in the United States
(Cappelli, 2015; Smith, 2017).

The United States reported a persistent shortage of STEM
workers in 2016 that resulted in a shortage of 3 million
STEM workers (New American Economy, 2017); however,
STEM jobs accounted for only 6% (8.6 million jobs) of the
overall employment (149 million jobs) in the United States
economy for 2018 (Bureau of Labor Statistics, 2018). The
perceived STEM worker shortage could be caused by slowed
pay growth when STEM workers change jobs or leave current
high-skill occupations for better paying positions (National
Science Board, 2015). There is also a perception that the United
States has a gap between higher education and the needs of
industry to hire enough recent STEM college graduates (Heaton
etal., 2016). Predictions of widespread emerging technologies
may cause the loss or shortage of tens of millions of jobs in
the United States STEM workforce (Winick, 2018), with some
estimates as high as 47% of the United States jobs being lost due
to automation (Frey and Osborne, 2017), and some estimates as
low as 9% of the United States jobs at risk (Arntz et al., 2016).

Randazzo (2017) stated that one of the critical equity issues
facing American students is the lack of access to STEM math
and science classes, especially for students in urban and rural
communities, which is reflected in these students’ low college
entrance rates. This lack of access may have far-reaching
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effects on the United States economy, technological superiority,
and national security (Hanson and Slaughter, 2017; Randazzo,
2017; White et al., 2019) and may be one of the primary factors
for the significant decline in American students’ math and
science performance compared with other countries (Mattern
etal., 2015).

It is a fact that American high school students are scoring
lower in math, science, and STEM benchmark rates (ACT,
2016), and American high schools have not been adequately
preparing students for the 21% century workforce as evidenced
by the United States becoming one of the leading nations in
high school dropout rates (Allensworth, 2017). About half of
American students do not successfully complete high school,
and those that do complete high school and are able to advance
to college usually require remedial coursework and many do
not graduate from college (Allensworth, 2017). The United
States ranks lower than other developed countries in math
(38™), science (24™), high school completion rate (20™), and
the ratio of college students earning undergraduate degrees in
science or engineering (27%) (Desilver, 2017).

The United States was rated with an overall education
proficiency grade of “C” in an educational report card
comparing all 50 states and Washington, D.C. versus the
rest of the world (Education Week Research Center, 2015).
This average proficiency grade has generated valid concern,
among education and political decision-makers, regarding
the ability of the United States to compete successfully in a
global economy (Mau, 2016). Although the United States is
still considered a world leader in innovation, other nations
are producing a higher skilled workforce that outpaces the
American workforce (Sargent, 2017). A potential fix to
this problem might be an increase in STEM education that
could produce a higher quality and competitive American
workforce. However, this solution will require significantly
increased investment in STEM education to entice students
to enter STEM careers (Mau, 2016). Researchers agree that
American students lack necessary STEM skills and that there is
aneed to develop and implement innovative STEM education
programs to better prepare American students for STEM
careers (Dejarnette, 2016; Sargent, 2017).

Educational researchers and policy-makers worldwide have
focused on promoting student success in STEM areas of study
(Skinner et al., 2017), which is essential to better student
preparation for the global STEM workforce (World Economic
Forum, 2017). Unfortunately, most K-12 STEM education
seems to focus on theory instead of real-world learning
experiences with practical applications for students, which
leads to a larger gap and disconnect among STEM disciplines
(Nadelson and Seifert, 2017).

The implementation of new and innovative learning strategies
may help bridge this disconnect for students and motivate
them to pursue STEM majors and careers in college. One such
innovative learning strategy is known as Process-Oriented
Guided Inquiry Learning (POGIL). The POGIL model is a

student-centered, inquiry-based strategy that was developed
by Farrell and Moog (2014) to help their college chemistry
students perform better in their 1% year chemistry classes.
POGIL has been shown to be effective at both the college and
secondary levels at increasing higher-level reasoning skills
and improving content mastery for students in chemistry and
other science subjects (Balasubramaniam, 2015; Barthlow and
Watson, 2014; DeGale and Boissele, 2015; DeMatteo, 2016;
Farrell and Moog, 2014; Mecks, 2015).

POGIL is an instructional strategy that is student centered
and provides students an opportunity to nurture and develop
the processing skills for essential content which includes
time management, self-assessment, communication skills,
teamwork building, problem-solving skills, and deductive
reasoning (Vishnumolakala et al., 2017). POGIL incorporates
the learning cycle with an active learning format, that is, both
student centered, and effective at developing and enhancing
students’ critical thinking skills (Haryati, 2018). Unfortunately,
many undergraduate students that start STEM programs end
up dropping before completing their program, which does
not help increase the number of STEM majors in the STEM
pipeline (Freeman et al., 2014).

Gehrke and Kezar (2016) conducted a study that included the
POGIL Project as one of four undergraduate STEM reform
communities that have successfully engaged large numbers
of faculty members (4000—10,000) for a sustained period
(12-30 years). All four of these communities have made
contributions to undergraduate STEM reform using multiple
strategies that include the combining public issues in science,
dissemination of research-based pedagogies, leadership
development, and using data and technology in science
education (Gehrke and Kezar, 2016). The POGIL Project
has transformed into a nationally recognized professional
development and curriculum reform program incorporating
the improvement of learning environments focused on
student-centered pedagogies. The POGIL community currently
supports approximately 65,000 members in both secondary and
postsecondary education (Gehrke and Kezar, 2016).

In a meta-analysis study conducted by Walker and Warfa
(2017), 21 studies were analyzed that compared POGIL
instructional strategies with standardized lecture instructional
strategies. The POGIL pedagogy provided process skill
improvement opportunities for students during content learning
using guided inquiry activities, which produced improved
student outcomes in both small and medium classroom
environments compared with standardized lecture pedagogy
(Walker and Warfa, 2017). Providing students opportunities
to develop their process skill abilities improved their scientific
practice to solve content-specific problems, increased student
success rate, and reduced failure rates for students in POGIL
classrooms (Walker and Warfa, 2017). Finally, POGIL
classrooms demonstrated passing rates twice as high and
reduced the risk of failing the course by approximately 38%
versus standard lecture classrooms (Walker and Warfa, 2017).
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Qureshi and Vishnumolakala (2018) examined how
POGIL taught pre-med chemistry courses develop student
understanding of complex chemistry concepts. Their results
showed student understanding of chemistry concepts improved
significantly on post-test instruments and that POGIL pedagogy
had a positive impact on student understanding of these
concepts, and supported student-centered pedagogy methods,
like POGIL, can help students better understand complex
chemistry concepts more effectively using self-learning groups
of student learning materials.

The theoretical foundations for this study included the
Cognitive Development Theory and the Information Processing
Model. The Cognitive Development Theory (CDT) examines
how the human mind progresses through the different stages of
cognitive development over time. This theory was developed
by Jean Piaget (1973) and assumes that a learner builds on
previous knowledge to enhance cognitive development and
growth in complexity with increased interactions resulting
in more complex understandings, cyclical growth, and
maturation (Piaget, 1973). The use of POGIL pedagogy to
increase higher-level reasoning skills would support the
Cognitive Development Theory that learning is hierarchical
and dependent on previous learning to increase content mastery
in student learners.

The Information Processing Model (IPM) was developed based
the work of Johnstone (1997) and refinement of the Cognitive
Load Theory (Chandler and Sweller, 1991) which examines
short- and long-term memory. Johnstone (1997) examined
how the Cognitive Load Theory (CLT) applied specifically to
chemistry learning. He discovered that students attempting to
process too much information, which is common in traditional
teacher-centered lecture pedagogy, developed an alternative
conception (AC) regarding the chemistry content topic. The IPM
focuses on the ineffectiveness of traditional, teacher-centered
lecture pedagogies, which questions whether a student-centered
pedagogy might be more effective at teaching specific chemistry
topical subjects (Johnstone, 1997). The use of POGIL pedagogy
to increase end-of-course (EOC) chemistry examination scores
would support the IPM that a student-centered pedagogy, like
POGIL, is more effective at increasing student concept mastery
than traditional, teacher-centered lecture pedagogy.

The performance of high school students’ chemistry end-of-
course (EOC) examinations that were taught using student-
centered POGIL instructional strategies and students taught
using teacher-centered traditional instructional strategies
was investigated in this causal-comparative study. This study
evaluated the effectiveness of POGIL pedagogy on chemistry
EOC scores to determine whether improved content mastery
and higher-level reasoning skills were reflected in student
performance on a standardized assessment. There existed a
gap in the research literature to determine whether POGIL
was an effective instructional strategy for improving high
school chemistry student EOC scores. Researchers agree
that American students lack necessary STEM skills, and

there exists an urgent need to develop and implement STEM
programs to better prepare American students for STEM
careers (Dejarnette, 2016; Sargent, 2017).

A potential remedy to this situation would include increasing
STEM education to produce a higher quality American
workforce; however, this will require an increased investment
in STEM education and better preparation of students to
enter STEM careers successfully (Mau, 2016). The adoption
and implementation of POGIL instructional strategies, at the
high school level, may help improve this current situation. If
the results of this study determine implementation of POGIL
strategies as statistically significant at increasing student
chemistry EOC scores, the next step could be the creation
of a nationwide POGIL implementation revolution leading
to a paradigm shift in science teaching strategies to better
prepare high school students for STEM degrees and careers.
The following research question guided this study: To what
extent, if any, does POGIL pedagogy produce a statistically
significant difference in high school EOC chemistry scores?

METHODOLOGY

Research Design: Causal-comparative Design

This study examined the effectiveness of POGIL pedagogy on
American high school students’ chemistry EOC examination
scores. Quantitative methodologies emphasize objective
measures and utilize statistical analysis of the collected
data from questionnaires, surveys, or pre-existing statistical
data (Babbie, 2016; Burke-Johnson and Christensen, 2014).
Quantitative researchers seek objective data to determine
whether variations in mean scores exist and whether any
significant relationship exists between variables (Latimer et al.,
2011). This study used pre-existing, statistical, deidentified,
and archival data from a single public high school district
located in the state of Utah. The POGIL test group consisted
of a single high school that implemented POGIL instructional
strategies during the 2015—2017 academic school years. The
non-POGIL test group consisted of another high school, located
in the same high school district, that taught the same chemistry
curriculum, but did not implement POGIL instructional
strategies for the 2015—2017 academic school years.

Furthermore, a causal-comparative study was determined
to be the most appropriate research design, for the ex-post
facto examination of deidentified archival data, to investigate
differences in chemistry EOC examination scores for POGIL
and non-POGIL high school students. The researcher ran
descriptive statistics to determine mean and standard deviation
for the dependent variable (chemistry EOC examination
scores) and each level of the independent variable (POGIL
vs. non-POGIL pedagogy). Both descriptive and inferential
statistics are presented in this study, with descriptive statistics
including specific procedures that were used to organize data,
and inferential statistics that utilized specific techniques to
analyze data and form conclusions about general populations
(Gravetter and Wallnau, 2016).
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Research Context

The location selected for this study was a large, public
school district, in the state of Utah, which included multiple
high schools. Two high schools were selected within this
school district and are referred to throughout this study with
the acronyms POGIL high school and non-POGIL high
school. Both high schools shared similar demographics
including student populations of approximately 2500
students and similar ethnic and special populations. The
ethnic populations were comprised of 78% Caucasian, 15%
Hispanic, 1% African-American, and 1% Asian students. The
special populations included approximately 19% socially-
economically disadvantaged (SED), 3% of English-language
learner (ELL), and 10% of students with disabilities (SWD)
(USBE, 2018). Both high schools had similar Student
Assessment of Growth and Excellence (SAGE) chemistry
examination proficiencies of 44% for the 2015-2016 school
year and 51% for the 2016-2017 school year (Table 1).

Both high schools employed 810 science teachers in their
science departments with 2—3 of teachers teaching chemistry
during the school year. All chemistry teachers taught a
common district approved chemistry curriculum to ensure
student preparation for the required statewide SAGE chemistry
examination administered in the month of March. Chemistry
teachers at the POGIL high school utilized POGIL instructional
strategies in their classroom while chemistry teachers at the
non-POGIL high school utilized traditional instructional
strategies in their classrooms throughout the school year.

The selected general population for this study were 11™ grade
high school students who took chemistry in the state of Utah.

Table 1: Student demographics

Demographic POGIL high Non-POGIL high
school school
n Percentage n  Percentage
Student population
2015-2016 school year 2,199 2,733
2016—2017 school year 2,280 2,761
Ethnicity (based on 2016-2017 population)
Caucasian 1,981 86.9 1,899 68.8
Hispanic 163 7.1 605 21.9
African-American 16 0.7 37 1.3
Asian 19 0.8 45 1.6
Special groups (based on 2016—2017 population)
English-language learners 30 1.3 132 4.8
(ELL)
Economically 303 133 688 249
disadvantaged (ED)
Students with disabilities 208 9.1 286 10.4
(SWD)
Student academic performance
SAGE chemistry examination 554 31.7
proficiency (2015-2016)
SAGE chemistry examination 53.1 48.6

proficiency (2016—2017)

The target population for this study were 11" grade high
school students that took chemistry during the 2015-2016 and
2016—2017 school years and who took the SAGE chemistry
examination during the same year that they took chemistry.
The study sample used in this study was derived through
deidentified student archival data obtained from a large, public
school district in the state of Utah that met the target population
criteria. The data contained a total sample size of 316 student
participants (158 POGIL and 158 non-POGIL) and excluded
any type of identifiers to ensure anonymity of participants.

Ethical Issues

Ethical considerations for this quantitative, causal-comparative
research study were observed to protect all individuals
associated with this present study. Since there was no direct
contact or interaction with human participants for this
study, ethical concerns for harm to individuals were not an
issue (Burke-Johnson and Christensen, 2014). This present
study was free of any deception or research misconduct to
avoid professional issues and STEM education and POGIL
instructional strategies are a current societal and educational
concern (Burke-Johnson and Christensen, 2014).

This study did not disclose any private or confidential data that
would cause ethical concerns. Ethical considerations include
maintaining the anonymity of the high schools and school
district name to protect specific identities. Since this study used
archival student data, there was no need for informed consent
from students and parents; however, the researcher needed to
obtain informed consent for science teachers who took the
online teacher demographic survey. In addition, site approval
from the school district to use the deidentified, archival student
data, and principal approval at each school site was necessary
before conducting the online teacher demographic survey.

The student SAGE chemistry examination scores consisted of
a single continuous, interval dependent variable in the form
of SAGE chemistry examination scores (684-983). Data
compilation consisted of a Microsoft Excel spreadsheet, and
high school students were deidentified using an alphanumeric
code combination to identify whether students belonged to
the POGIL comparison group or the non-POGIL comparison

group.

The data did not benefit any individuals or groups, and all
data are being stored and disposed of in compliance with
research standards. All human rights were respected, and all
rules and regulations were followed to create a minimum of
confidentiality issues and to avoid any ethical violations.

Quantitative Approach: Causal-comparative Design

A causal-comparative research design was used for the
purpose of investigating differences in chemistry EOC
examination scores for POGIL and non-POGIL high school
students. The dependent variable consisted of chemistry EOC
examination scores and the independent variable consisted of
the implementation of POGIL pedagogy versus non-POGIL
pedagogy for each comparison group.
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Sample

The general population for this study included public high
school students who took chemistry during the 2015-2016 or
2016-2017 school year and the chemistry EOC examination
during this same time. From this general population, the
target population for this study included all public high school
students in the state of Utah that took chemistry during the
2015-2017 school years, and the chemistry EOC examination
during the 2015-2017 school years. The study sample included
high school chemistry students at two different high schools,
in the same school district, in the state of Utah. The researcher
collected student demographics for both high schools to
determine the two comparison groups were similar. Specific
high school demographic data were collected from the school
district public website and included student population,
ethnicity, English-language learner (ELL) population,
socioeconomic status (SES) data, special education population
(SPED), and graduation rates. The researcher confirmed that
the two high schools had similar demographics (Table 1), and
convenience sampling was utilized to form the two comparison
groups for this study.

Convenience sampling was utilized using the POGIL Project’s
implementer survey, sent annually to teachers throughout the
United States, to collect data on whether teachers implemented
POGIL instructional strategies for the previous school year.
This survey included teacher name, email, state, school name,
school district, and specific subjects taught using POGIL
instructional strategies. This POGIL implementer survey was
used to identify one of the two high schools that implemented
POGIL pedagogy during the 2015-2017 academic school
years.

All students in this study sample were 11" grade students,
between the ages of 16 and 18 years old, and their grade point
averages (GPAs) were evaluated to ensure equal matching of
participants for homogeneous subgrouping. This study focused
on junior level high school students since this grade level
usually takes chemistry before enrolling in more advanced
science courses like AP biology or AP chemistry. Students
GPAs were matched to control for chemistry EOC examination
score performance differences by either matching subjects or
homogeneous subgrouping which addressed any potential
outliers.

The single independent variable for this study was the presence
of POGIL, a categorical, nominal variable consisting of two
comparison groups. The first comparison group was high
school students taught chemistry using POGIL pedagogy, and
the second comparison group was high school students taught
chemistry using non-POGIL pedagogy. The dependent variable
was the chemistry EOC examination scores, a continuous,
interval variable.

Instrument

The SAGE chemistry test is the Utah state assessment
administered at the end of the school year, to all high school
chemistry students, to measure student academic achievement

and concept mastery (USBE, 2018). The SAGE chemistry test
was the chemistry EOC examination used for this study, and
the terms chemistry EOC examination and SAGE chemistry
examination are used interchangeably throughout this study.
The SAGE instrument is aligned with the Utah Core Science
Standards (UCSS), consists of 54 scored test items, and has a
scaled score of 684-983 (USBE, 2018). The scaled cut scores
for Approaching Proficient and Proficient categories are set
at 820 and 840, respectively, and the SAGE chemistry test
proficiency bands are established as below proficiency (<820),
approaching proficiency (820-839), proficient (840-864), and
highly proficient (865+) (USBE, 2018).

Quantitative Data Analysis

Since this was a causal-comparative study, before assessing
the research question, the researcher ran descriptive statistics
to determine the mean and standard deviation for the
dependent variable (chemistry EOC examination scores) and
for each level of the independent variable (POGIL vs. non-
POGIL pedagogy). Both descriptive and inferential statistics
were analyzed in this study. The process of descriptive
statistics included specific procedures to organize data, and
inferential statistics utilize specific techniques to analyze
data and make conclusions about populations (Gravetter and
Wallnau, 2016).

The first step in analyzing descriptive statistics is the
examination of central tendency (e.g., mean), variation (e.g.,
standard deviation), and shape (e.g., skewness and kurtosis).
Descriptive statistics help to summarize specific characteristics
of high school students that develop participant profiles,
frequency tables for the chemistry EOC scores, and frequency
distributions to find the number of times a specific score occurs.

Inferential statistics were performed to determine if
assumptions were met. The single research question addressed
potential differences for a single dependent variable; therefore,
a one-way analysis of variance (ANOVA) was utilized to
analyze (Laerd Statistics, 2017) if and to what extent there
were differences in chemistry EOC examination scores for
high school chemistry students taught using POGIL pedagogy,
and high school chemistry students taught using non-POGIL
pedagogy in the state of Utah. The one-way ANOVA is a
parametric statistical test and was run to perform inferential
statistical analyses to indicate how likely the present study
results could be replicated for an entire population (Fraenkel
etal., 2015).

Preparation of the cata file

The researcher utilized deidentified student archival data
provided by the Director of Assessment for a large, public
school district in the state of Utah. The deidentified student
archival data were provided on a Microsoft Excel spreadsheet
and included an original deidentified student ID number, high
school attended by student, course enrollment and exit date,
student grade level, student GPA (before taking chemistry),
and SAGE chemistry examination raw score (Table 2).
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Table 2: Student archival data

Student deidentified number School Course enroll/exit date Grade level  Cumulative GPA  SAGE chemistry score
MATA-01 POGIL August 25, 2015-June 04, 2016 11 3.47 846
MATA-02 non-POGIL  August 25, 2015— June 04, 16 11 3.13 833

The next step was to clean the data by deleting participants with
incomplete or missing information. Missing data in quantitative
studies can cause loss of information, produce increases in
standard errors, reduce overall statistical power, and weaken
generalization of findings (Peng and Chen, 2018). Missing data
are common in quantitative research and are normally found
at a rate of 15-20% in educational studies (Peng and Chen,
2018). To clean the data, the researcher visually analyzed the
Microsoft Excel document and screened the hard copy printout
to identify missing or incomplete data.

While the initial target population from this deidentified
student archival data consisted of 3878 potential participants,
this number was quickly reduced during the data cleaning
process. The Microsoft Excel spreadsheet document was
missing SAGE chemistry scores for participants during the
2018-2019 school year, and there were no POGIL high school
data provided for the 2017-2018 school year. Consequently,
the 2017-2018 and 2018-2019 school years were eliminated
from this data file, and the 2015-2016 and 20162017 school
year participants remained. The researcher continued cleaning
the data and removed any participants with missing SAGE
chemistry examination scores (2302 participants) or missing
GPA (before taking chemistry) values (751 participants).

The remaining POGIL and non-POGIL students were paired
by matching their GPAs (before taking chemistry) to ensure
the extraneous variable of GPA would not falsely favor either
comparison group. POGIL student GPAs that could not be
matched exactly with non-POGIL students’ GPAs, or to within
+0.10 grade points, were omitted from the total sample size
(70 participants). Table 3 shows the POGIL high school and
non-POGIL high school student grade point average (before
taking chemistry) mean and median values. The POGIL high
school mean value was 3.60 compared with the mean value
of 3.62 for the non-POGIL high school, and the POGIL high
school median value was 3.77 compared with the median value
0f 3.76 for the non-POGIL high school (Table 3). These nearly
identical mean and median values for the POGIL and non-
POGIL high schools demonstrate that the GPAs (before taking
chemistry) were evenly matched between the two comparison
groups to ensure the extraneous variable of GPA would not
falsely favor either comparison group.

Finally, any participant who entered the chemistry course more
than 4 weeks after the school year began or left more than
4 weeks before the end of the school year were eliminated from
the study (61 participants). This step was necessary to ensure
that all participants for this study were enrolled in chemistry
70% or more before taking the SAGE chemistry examination
in the month of March.

Table 3: School grade point average before taking
chemistry

School N Mean Median SD Min. Max.
POGIL high school 158 3.602 3.765 0443 2.11 4.00
Non-POGIL high school 158 3.620 3.760 0.438 2.04  4.00
Total 316 3.611 3760 0440 2.04  4.00

Table 4: Descriptive statistics: Academic performance for
the total sample group on chemistry SAGE assessments

School Mean SD N
POGIL high school 845.76 30.434 158
Non-POGIL high school 822.10 45.058 158
Total 833.93 40.173

After cleaning the data, the final sample size consisted of 158
high school chemistry students that attended POGIL high school
and 158 high school chemistry students that attended non-POGIL
high school, from the same school district, for a total sample size
of 316 participants. This total sample size met the minimum
206 sample size necessary to address the research question and
complete the present study with an alpha of 0.05, power of 0.80,
and medium effect size 0f 0.0625. All participants were 11" grade
students when they were enrolled in chemistry during their
2015-2016 or 2016—2017 respective school year. The researcher
inputted these 316 participants into SPSS version 26 software for
inferential statistical analysis. Missing data are usually considered
a study limitation; however, it was not considered a limitation in
the present study since the sample size was still large enough to
conduct the data analysis (Warner, 2013).

Results of Quantitative Analysis

Descriptive statistics

The total sample size for the study consisted of 316 high school
participants, which included 158 eleventh grade high school
students taught chemistry using POGIL instructional strategies
and 158 eleventh grade high school students taught chemistry
using non-POGIL instructional strategies for the 20152016
and 2016—2017 school years. SAGE chemistry examination
scores were available for the entire sample (n =316) included
within the study.

Table 4 presents descriptive statistics for the sample groups
in this study which include POGIL high school students’ and
non-POGIL high school students’ academic performance
on the SAGE chemistry examination. As shown in Table 4,
the POGIL group had a total of 158 participants and the
non-POGIL group had a total of 158 participants for a total
sample size of n = 316. Closer examination of the descriptive
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statistics shows a higher mean (Mean = 845.76, SD = 30.43)
for POGIL students than non-POGIL students (Mean = 822.10,
SD =45.06) for SAGE chemistry examination scores. While
the respective groups reflect higher mean scores per category,
the indication of statistical significance was determined by the
univariate test that followed.

Inferential statistics (ANOVA)

A one-way ANOVA was used to answer the research question
regarding whether there was a statistically significant difference
between the two comparison groups of high school chemistry
students when measuring the dependent variable, chemistry
EOC examination scores. The level of significance was set at
p <0.05, meaning that there was a 5% chance that a difference
existed in the two groups of students when there was not an
actual difference. Furthermore, the present study determined
whether a mean difference existed between the two groups of
students, and an F-test was conducted to provide an overall
comparison of whether the means of the two groups of students
differed. If the obtained F was larger than the critical F, the null
hypotheses would be rejected (Gravetter and Wallnau, 2016).

As presented in Table 5 (tests of between-subjects effects:
Univariate ANOVAs), the univariate ANOVA result for the
chemistry SAGE examination scores dependent variable was
F (1, 314) =29.91, p < 0.001, partial n*> = 0.087 (p < 0.05).
The dependent variable, SAGE chemistry examination scores
exhibited statistically significant p < 0.001.

DISCUSSION

The POGIL group mean value was 23.66 points higher than
the non-POGIL group (Table 4), which suggests POGIL
students developed higher cognitive development and a more
complex understanding based on their higher SAGE chemistry
examination mean value. The results of this study supported
the Information Processing Model that student-centered
pedagogies, like POGIL, are more effective at increasing
student performance and content mastery than traditional,
teacher-centered pedagogies (Johnstone, 1997). The POGIL
group higher mean values for SAGE chemistry examination
scores serve as supporting evidence that a student-centered
POGIL pedagogy was more effective than a teacher-centered
pedagogy at increasing student performance.

The research question null hypothesis stated that there would
be no statistically significant difference in the chemistry SAGE

examination scores for POGIL high school students and non-
POGIL high school students, and the alternative hypothesis
stated that there would be a statistically significant difference
in the chemistry SAGE examination scores for POGIL high
school students and non-POGIL high school students. The
univariate ANOVA test indicated a statistically significant
difference in the chemistry academic achievement level
for the independent groups, demonstrating that there was a
statistically significant difference between POGIL high school
participants and non-POGIL high school participants on SAGE
chemistry examination scores of p<0.001 (p <0.05) (Table 5).
The decision was to reject the null hypothesis and accept the
alternative hypothesis for the research question.

There were no empirical studies conducted that examined the
effects of different instructional strategies on chemistry EOC
examination scores, and this study differed from other studies
by addressing whether a student-centered instructional strategy,
POGIL pedagogy, improved high school student SAGE
chemistry scores. This present study addressed this gap in the
literature and advanced scientific knowledge by determining
that POGIL pedagogy is an effective instructional strategy at
improving SAGE chemistry scores for high school students.

The study results advanced scientific knowledge by extending
scholarly research on the Cognitive Development Theory
which states learners’ build on previous knowledge to
develop cognitive development, resulting in more complex
understandings (Piaget, 1973). This study showed that high
school students taught chemistry using POGIL instructional
strategies performed significantly better than students taught
using non-POGIL instructional strategies, on SAGE chemistry
examinations.

The results of this study determined that for this study sample,
implementation of POGIL strategies was statistically significant
at increasing student SAGE chemistry examination scores. In
addition, this present study is the first to publish descriptive
statistics with robust parametric statistics demonstrating
statistically significant differences between the groups on the
dependent variable of SAGE chemistry examination scores.

When examining the results of a causal-comparative
research design of study, one must be cautious in formulating
generalized conclusions. The causal-comparative design was
the most appropriate research study design for this ex-post
facto examination of deidentified archival data to investigate

Table 5: Tests of between-subjects effects: Univariate ANOVA

Source Dependent variable Type lll sum of squares Df Mean square F Sig.  Partial eta squared
Corrected Chem SAGE score 44,217.228: 1 44,217.228 29.912 0.000 0.087
Intercept Chem SAGE score 219,759,001.532 1 219,759,001.532  148,663.919  0.000 0.998

School Chem SAGE score 44,217.228 1 44,217.228 29.912 0.000 0.087

Error Chem SAGE score 464,163.241 314,308 1478.227

Total Chem SAGE score 220,267,382.000 316

Corrected total  Chem SAGE score 508,380.468 315

R squared=0.087 (adjusted R squared=0.084)
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differences in SAGE chemistry examination scores for
POGIL and non-POGIL students. However, using a causal-
comparative research design imposes limits on the researcher’s
ability to generalize conclusions to a larger population. In
other words, the researcher cannot state a definitive cause and
effect relationship among the variables examined, nor can a
direct conclusion of causation be supported from this single
study (Schenker and Rumrill, 2004). The researcher is limited
to a statement of observed differences among the variables
reviewed for this specific study. This researcher concluded
that POGIL students, for this study sample, displayed higher
achievement levels that were significantly higher than non-
POGIL students on SAGE chemistry examination scores.

Implications

Theoretical implications

The theoretical implications for this study advanced scientific
knowledge by extending scholarly research on the Cognitive
Development Theory which states learners’ build on previous
knowledge to develop cognitive development that results in
better complex understandings (Piaget, 1973). In addition,
the results supported the Information Processing Model that
student-centered pedagogies, like POGIL, are more effective
at increasing concept mastery and student performance than
traditional, teacher-centered pedagogies (Johnstone, 1997).

Practical implications

The practical implications of this study are subject to the
results from the SAGE chemistry examination scores used
to measure the difference in academic achievement between
POGIL students and non-POGIL students. While this study
produced statistically significant results regarding the use of
POGIL pedagogy to improve SAGE chemistry examination
scores, the effect size suggests a contrary view regarding
practical implications of using POGIL at the high school level.

The effect size indicator from the ANOVA model is identified
as partial eta squared (1?), which measures the magnitude of
a treatment (POGIL pedagogy) effect (Huck, 2012). Unlike
significance tests, Pagano (2013) indicated that effect size
indices are independent of sample size, and effect size
measures are a commonly utilized method in meta-analysis
studies that summarize findings from specific areas of research.
According to Meyers et al. (2016), the effect size indicator is
important because it signifies the magnitude of differences
between means of a dependent variable (i.e., SAGE chemistry
examination scores) for the two comparison groups (POGIL
and non-POGIL groups). Mills et al. (2012) posited that effect
size is important as a method to identify the practical strength
of conclusions regarding group differences in post-test mean
scores.

Partial eta squared (n?) provided the strength of the difference
between the means of high school students who participated
in the POGIL instructional strategies and high school students
who did not participate in the POGIL instructional strategies
on the dependent variable of student performance on SAGE
chemistry examination scores. Hewitt and Cramer (2014)

suggest effect size indices of approximately 0.20 as typically
small effects; of approximately 0.50 as medium or moderate
effect, and 0.80 and above are considered a large effect.

The univariate ANOVA results showed statistically significance
for SAGE chemistry examination scores (p < 0.001); however,
the value of the effect size indicator (partial eta squared)
suggested that POGIL instructional strategies had a small
practical significance (n* = 0.087) for use as an effective
intervention for improving SAGE chemistry examination
scores (Table 5). Based on the Hewitt and Cramer (2014)
guidelines for effect size, the 0.087 value suggests that only
8.7% of the variance for the SAGE chemistry examination
scores can be explained by whether students received POGIL
or non-POGIL instructional strategies.

Future implications

Future studies might incorporate the use of POGIL instructional
strategies used by certified chemistry teachers in chemistry
classes, along with the credential and experience of instructors
of POGIL student participants and instructors of non-POGIL
student participants. Utilizing this approach could allow for the
examination into POGIL instructional methods of chemistry
teachers to determine if differences exist among student
participants receiving non-POGIL instructional strategies.

The results of this causal-comparative study advanced
scientific knowledge by showing a statistically significant
difference between the effectiveness of POGIL pedagogy on
SAGE chemistry examination scores for high school students
taught chemistry using POGIL instructional strategies versus
high school students taught chemistry using non-POGIL
instructional strategies; however, the small effect size should be
considered before district implementation of the POGIL model.
Causal-comparative studies examine relationships without any
manipulation of the variables and are not useful in determining
specific causation (Salkind, 2019); therefore, the researcher
makes no causation claim due to the limited sample size and
lack of demonstrating similar patterns in multiple settings.
While the present study supports these findings, continued
investigation of the POGIL model is highly recommended.

Ethics Statement

Ethical considerations for this quantitative, causal-comparative
research study were observed to protect all individuals
associated with this present study. Since there was no direct
contact or interaction with human participants for this study,
ethical concerns for harm to individuals were not an issue.
This present study was free of any deception or research
misconduct to avoid professional issues and STEM education
and POGIL instructional strategies are a current societal and
educational concern.

REFERENCES

ACT. (2016). The Condition of STEM 2016. lowa City, IA. Available from:
http://www.act.org/stemcondition

Allensworth, E. (2017). We need to Change the way High Schools are
Preparing Students for College. The University of Chicago.

Science Education International | Volume 33 | Issue 2 -




Science Education International
33(2), 171-180
https://doi.org/10.33828/sei.v33.i2.5

Mata: The Effectiveness of POGIL on Chemistry EOC Exams

Amtz, M., Gregory, T., & Zierahn, U. (2016). The Risk of Automation
for Jobs in OECD Countries: A Comparative Analysis. OECD
Social, Employment and Migration Working Papers, No. 189. OECD
Publishing.

Babbie, E.R. (2016). The Practice of Social Research. Boston, Massachusetts:
Cengage Learning.

Balasubramaniam, G. (2015). Process oriented guided inquiry learning as
an innovative teaching method in clinical biochemistry: Piloting of the
process. Education in Medicine Journal, 7(2), €60.

Barthlow, M.J., & Watson, S.B. (2014). The effectiveness of process-oriented
guided inquiry learning to reduce alternative conceptions in secondary
chemistry. School Science and Mathematics, 114(5), 246-255.

Berg, B. (2018). Why is STEM Education Important? Available from: https:/
coderacademy.edu.au/blog/people/why-is-STEM-education-Important

Bureau of Labor Statistics. (2018). Job Openings and Labor Turnover
Summary July 2018 Sept 11. Available from: https://www.bls.gov/news.
release/jolts.nr0.htm

Burke-Johnson, R., & Christensen, L. (2014). Educational Research
Methods: Quantitative, Qualitative, and Mixed Methods. Thousand
Oaks, California: Sage.

Cappelli, P. (2015). Skill gaps, skill shortages, and skill mismatches:
Evidence and arguments for the United States. /LR Review, 68(2),
251-290.

Chandler, P., & Sweller, J. (1991). Cognitive load theory and the format of
instruction. Cognition and Instruction, 8, 293.

DeGale, S., & Boissele, L. N. (2015). The effect of POGIL on academic
performance and academic confidence. Science Education International,
26(1), 56-79.

Dejarnette, N.K. (2016). America’s children: Providing early exposure to
STEMinitiatives. Reading Improvement, 4, 181.

DeMatteo, M. (2016). Development of a combined POGIL and flipped
classroom: An action research project. Association for University
Regional Campuses of Ohio Journal, 22, 53-81.

Desilver, D. (2017, February 15). U.S. Students’ Academic Achievement
Still lags that of their Peers in many other Countries. Available from:
http://www.pewresearch.org/fact-tank/2017/02/15/u-s-students-
internationally-math-science

Eddy, S.L., & Brownell, S.E. (2016). Beneath the numbers: A review
of gender disparities in undergraduate education across science,
technology, engineering, and math disciplines. Physical Review Physics
Education Research, 12(2), 020106.

Education Week Research Center. (2015). Quality Counts Introduces
New State Report Cards: U.S. Earns C, and Massachusetts Ranks
First in Nation. Available from: http:/www.edweek.org/media/
qualitycounts2015_release.pdf

Farrell, J.J., & Moog, R.S. (2014). Chemistry: A Guided Inquiry. Hoboken,
New Jersey: Wiley.

Fraenkel, J.R., Wallen, N.E., & Hyun, H.H. (2015). How to Design and
Evaluate Research in Education. New York: McGraw Hill Education.

Freeman, S., Eddy, S.L., McDonough, M., Smith, M.K., Okoroafor, N.,
Jordt, H., & Wenderoth, M. (2014). Active learning increases student
performance in science, engineering, and mathematics. Proceedings of
the National Academy of Sciences, 111(23), 8410-8415.

Frey, C.B., & Osborne, M.A. (2017). The future of employment: how
susceptible are jobs to computerization? Technology Forecasting and
Social Change, 114, 254-280.

Gehrke, S., & Kezar, A. (2016). STEM reform outcomes through
communities of transformation. Change, 48(1), 30-38.

Giffi, C., Dollar, B., Drew, M., McNelly, J., Carrick, G., & Gangula, B.
(2015). The Skills Gap in U.S. manufacturing 2015 and beyond.
Available from: https://www.themadeinamericamovement.com/wp-
content/uploads/2017/04/Deloitte-MF G-Institutethe-skills-gap-in-the-
us-mfg-21015-and-beyond.pdf

Gravetter, F., & Wallnau, L. (2016). Essentials of Statistics for the Behavioral
Sciences. Boston, Massachusetts: Cengage Learning.

Hanson, G.H., & Slaughter, M.J. (2017). High-skilled immigration and
the rise of STEM occupations in US employment. In: Hulten, C.R.,
& Ramey, V.A (Eds.), Education, Skills, and Technical Change:
Implications for Future US GDP Growth. Chicago, Illinois: University
of Chicago Press. pp. 465-499.

Haryati, S. (2018). The effectiveness of the process oriented guided
inquiry learning (POGIL) model in educational psychology learning.
International Journal of Pedagogy and Teacher Education, 2(2):
375-388.

Heaton, G.R., Cheney, D.W., Hill, C.T., & Windham, P.H. (2016). U.S.
Universities and Industry s Human Resource Needs. Technology Policy
International, LLC.

Hewitt, D., & Cramer, D. (2014). Introduction to Educational Research
Methods in Psychology. Thousand Oaks, California: Sage.

Huck, S.W. (2012). Reading Statistics and Research. London, England:
Pearson.

Jackson, J.F., Charleston, L.J., Lewis, C.W., Gilbert, J.E., & Parrish, W.P.
(2017). Arizona’s rising STEM occupational demands and declining
participation in the scientific workforce: An examination of attitudes
among African Americans toward STEM college majors and careers.
Texas Education Review, 5(2), 91-111.

Johnstone, A. (1997). Chemistry teaching Science or alchemy? 1996 Brasted
lecture. Journal of Chemical Education, 74, 262-268.

Kelly, A.M. (2016). Social cognitive perspective of gender disparities in
undergraduate physics. Physical Review Physics Education Research,
12(2), 020116.

Laerd Statistics. (2017). One-way ANOVA Using SPSS Statistics. Statistical
Tutorials and Software Guides. Available from: https://statistics.
laerd.com

Latimer, A., Martin Ginis, K., & Perrier, M. (2011). The story behind the
numbers: A tale of three quantitative researchers’ foray into qualitative
research territory. Qualitative Research in Sports, Exercise, and Health,
3(3),278-284.

Mattern, K., Radunzel, J., & Westrick, P. (2015). Development of STEM
Readiness Benchmarks to Assist Career and Educational Decision
Malking. (ACT Research Report 2015-3). ACT, Inc.

Mau, W.J. (2016) Characteristics of US students that pursued a STEM
major and factors that predicted their persistence in degree completion.
Universal Journal of Educational Research, 4(6), 1495-1500.

Meeks, T.L. (2015). Assessing the Quantified Impact of a Hybrid
POGIL Methodology on Student Averages in a Forensic Science
Survey  Course.  Available  from:  https://lopes.idm.oclc.org/
login?url=https://search-proquest-com.lopes.idm.oclc.org/
docview/1758891659?accountid=7374

Meyers, L. S., Gamst, G., & Guarino, A. J. (2016). Applied Multivariate
Research: Design and Interpretation. 3" ed. Thousand Oaks, California:
Sage.

Mills, G.E., Airasian, P, & Gay, L.R. (2012). Educational Research:
Competencies for Analysis and Application. 10" ed. Hoboken, New
Jersey: Prentice Hall.

Nadelson, L.S., & Seifert, A.L. (2017). Integrated STEM defined: Contexts,
challenges, and the future. The Journal of Educational Research,
110(3), 221-223.

National Science Board. (2015). Revisiting the STEM Workforce:
A Companion to Science and Engineering Indicators 2014. Alexandria,
Virginia: National Science Foundation.

National Science Board. (2018). Science and Engineering Indicators 2018
(Chapter 2). Available from: https://www.nsf.gov/statistics/2018/
nsb20181/report/sections/higher-education-in-science-and-engineering/
highlights

New American Economy. (2017). Sizing up the Gap in our Supply of STEM
Workers. Available from: https://research.newamericaneconomy.org/
report/sizing-up-the-gap-in-our-supply-of-stem-workers

Noonan, R. (2017). STEM Jobs: 2017 Update. Washington, DC: US
Department of Commerce Economics and Statistics Administration,
Office of the Chief Economist, March 2017). Available from: http://
www.esa.doc.gov/sites/default/files/stem-jobs-2017-update.pdf.

Pagano, R. (2013). Understanding Statistics in the Behavioral Sciences.
10" ed. Belmont, CA: Wadsworth.

Peng, C.Y.J., & Chen, L.T. (2018). Handling missing data in single-case
studies. Journal of Modern Applied Statistical Methods, 17(1), e2488.

Piaget, J. (1973). In: Rosen, A (Ed.), The Child and Reality. New York:
Grossman.

Qureshi, S.S., & Vishnumolakala, V.R. (2018). Students’ Understanding of
Chemistry Concepts in a Premedical Foundation Year POGIL Oriented

-Science Education International | Volume 33 | Issue 2

179




Science Education International
33(2), 171-180
https://doi.org/10.33828/sei.v33.i2.5

Mata: The Effectiveness of POGIL on Chemistry EOC Exams

Chemistry Course. In: Qatar Foundation Annual Research Conference
Proceedings. Vol. 2018. p. SSAHPP327. HBKU Press.

Randazzo, M. (2017). Students shouldnt Live in STEM Deserts.
Available from: https://www.usnews.com/opinion/knowledge-bank/
articles/2017-05-10/the-us-must-address-disparities-in-access-to-stem-
education

Richardson, W. (2017). Why School? Available from: https://modernlearners.
com/traditional-teacher-modern-learning-advisor

Salkind, N. (2019). Statistics for People who (think they) Hate Statistics.
7" ed. Thousand Oaks, California: Sage.

Sargent, J.F. (2017). The U.S. Science and Engineering Workforce: Recent,
Current, and Projected Employment, Wages, and Unemployment (CRS
Report R43061). Congressional Research Service.

Schenker, J.D., & Rumrill, J.D. (2004). Causal-comparative research
designs. Journal of Vocational Rehabilitation, 21(3), 117-121.

Skinner, E., Saxton, E., Currie, C., & Shusterman, G. (2017). A motivational
account of the undergraduate experience in science: brief measures
of students’ self-system appraisals, engagement in coursework, and
identity as a scientist. International Journal of Science Education,
39(17), 2433-2459.

Smith, E. (2017). Shortage or surplus? A long-term perspective on the supply
of scientists and engineers in the US and the UK. Review of Education,
5(2), 171-199.

USBE. (2018). Utah State Assessments 2017-2018 Technical Report Volume
1-Volume 6. Utah State Board of Education. Available from: https://
www.schools.utah.gov/9a7¢5821-c565-48b9f0-bfea2 16e33be

USDOE. (2016). Performance of U.S. 15-Year-Old Students in Science,

Reading, and Mathematics Literacy in an International Context: First
Look at PISA 2015. National Center for Education Statistics, U.S.
Department of Education, Institute of Education Sciences.

Vishnumolakala, V.R., Southam, D.C., Treagust, D.F., Mocerino, M., &
Qureshi, S. (2017). Students’ attitudes, self-efficacy, and experiences
in a modified process-oriented guided inquiry learning undergraduate
chemistry classroom. Chemistry Education Research and Practice, 18,
340-352.

Walker, L., & Warfa, AM. (2017). Process oriented guided inquiry
learning (POGIL) marginally effects student achievement measures but
substantially increases the odds of passing a course. PLoS One, 12(10),
1-17.

Warner, R. M. (2013). Applied Statistics: From Bivariate through Multivariate
Techniques. Thousand Oaks, California: Sage.

White, K., Rotermund, S., & National Science Foundation, N.S.B. (2019).
Elementary and Secondary Mathematics and Science Education.
Science and Engineering Indicators 2020. NSB-2019-6. National
Science Foundation. National Science Foundation.

Winick, E. (2018). Every Study we could Find on what Automation will do
to Jobs, in One Chart. There are about as many Opinions as there are
Experts. Available from: https://www.technologyreview.com/s/610005/
every-study-we-could-findon-what-automation-will-do-to-jobs-
in-one-chart

World Economic Forum. (2017). Realizing Human Potential in the Fourth
Industrial Revolution: An Agenda for Leaders to Shape the Future of
Education, Gender and Work, Switzerland. Available from: http://
www3.weforum.org/docs/ WEF_EGW_Whitepaper.pdf

Science Education International | Volume 33 | Issue 2 -






