THE IMPACT OF TECHNOLOGY ON ENGAGEMENT AND CONTENT MASTERY IN

HIGH SCHOOL BIOLOGY

by

Jennifer Marie Livesay

A professional paper submitted in partial fulfillment
of the requirements for the degree

of
Master of Science
in

Science Education

MONTANA STATE UNIVERSITY
Bozeman, Montana

July 2022



©COPYRIGHT
by
Jennifer Marie Livesay
2022

All Rights Reserved



TABLE OF CONTENTS

1. INTRODUCTION AND BACKGROUND ......ccciviiiiiieieiese e 1
CoNteXt OF the STUAY ....eeveeieieece et ee e 1
FOCUS Statement QUESTIONS ........ciuviiieicriecie e ctie e etre et e ettt ebe e s ae e saeesnbe e baesnreesreeenns 4

2. CONCEPTUAL FRAMEWORK .....oooiiiiite ettt snaeneas 5
Engagement and Teaching PractiCes ..........cccccueiieieiiieiieie et 5
Engagement and TeChNOIOQY .........cooviiiiiiiiciie e 6
T3 Model and Applications of Educational Technology.........cccccooveiviniiiiieiiic e, 6
Domain One: Translational............cccoivieiieneie s 7
Domain Two: Transformational .............coceviiiiiiiiienee e 7
Domain Three: TransCeNTENT..........ccuoiiiiiiiee e 8

3. METHODOLOGY ..ottt sttt ae st ana e s enae s e stesaesnesnanneas 9
(=T Lol To] o ot OSSP 9
TIRALMENT ...ttt e e st e ab e e e sn b e e e nnb e e e ann e e nee s 9
Data Collection Methods and Analysis Strategies..........cccovereriririeniieieie e 11
Data ColleCtion MEthOUS .........ccviiiiiieresc e 11
ANAIYSIS STFALEYIES ... eivieieciecte ettt sre e ene e 15

4. DATA ANALYSIS. ..ottt ba e e e s e te st srenneenes 16
Digital NOTEIAKING.......eeivieiecticcie ettt re et areesreenee s 16
Pretest and POStteSt ANAIYSIS ......cveiiiiiiiiiic e 16

LIKEIT SUIVEY ..ot 18
Digital SIMUIALIONS ......ooueiiiiiiec e 19
Pretest and POSEESt ANAIYSIS ......covveiiiieiiece e 19

LIKEIT SUINVEY ..ottt sttt ettt sre e te e e teenra e e 21
Engagement and ACCESSIDIITY ........cooiiiiiiie e 22
5.CLAIM EVIDENCE AND REASONING.......ccciitiiiiiieieee e 23
Claims From the STUAY ......c.coveiieieciece et 23
Value of the Study and Consideration for Future Research ............ccccoocevvvevieiincinnn, 24
REFERENCES CITED ......ooiiiiie ittt sttt nne e nna s 26
APPENDICES ... .ottt ettt bbb s ettt sbenneereas 30
APPENDIX A: IRB EXEMPLION......coiiiiiieiieiieciese e 31

TABLE OF CONTENTS CONTINUED



APPENDIX B: Mechanisms of Evolution (Pretest/POSttest)..........cccccvverereriennnnn 33

APPENDIX C: Likert Survey of Computer-Based Simulation Learning .............. 36
APPENDIX D: Evidence of Evolution (Pretest/Posttest)..........cccevvvivveiieeiiveennnn. 38
APPENDIX E: Likert Survey of Computer-Based Notetaking...........c.cccccvvrenene 43

APPENDIX F: Open-Ended Survey of Student Engagement and Accessibility....45
APPENDIX G: Open-Ended Survey Data AnalysiS..........cccceeveieriveneiieiiereenn 45



Tables

iv

LIST OF TABLES
Page
Data Triangulation IMAEFIX ........ccoeiiiieiiiiiisiieee s 15
Evidence of Evolution Pretest and POStteSt SCOIES.........cccovivviirieieienere s 18
Responses for Likert Survey of Digital Notetaking...........ccooceevevieeneiin e 19
Mechanisms of Evolution Pretest and POStteSt SCOIeS ..........ccovvvrierereieneneriene 20

Responses for Likert Survey of Digital SImulations ...........c.cccccevvevieiieciieciens 21



Vv

LIST OF FIGURES
Figures Page
1. Confidence of evidence of evolution
pretest/posttest STUAENT FESPONSES .......cc.oveiiriiieieieee et 18
2. Confidence of mechanisms of evolution
pretest/posttest STUAENT FESPONSES .......oiveivieieiie ettt 21



Vi

ABSTRACT

The use of technology-mediated versus traditional paper-based delivery methods
as a means of increasing student mastery and engagement was studied in the areas of
notetaking and simulations. Data collection instruments included pre- and post-content
tests with confidence response measures as well as both Likert-item and open-ended
response surveys. Data was analyzed using both quantitative and qualitative methods.
The results indicate that technology leads to increased levels of engagement and mastery
when utilized as a way to model scientific processes, but a decrease of mastery and
engagement when used as the medium for notetaking.
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INTRODUCTION AND BACKGROUND

Context of the Study

| have been teaching biology at Permian High School in Odessa, Texas for five
years. According to the Ector County website, the district serves approximately 34,000
students, with nearly 4,000 students at Permian High School each year across four grade
levels (Ector County Independent School District, n.d.). The district overall has 55% of
students identified as economically disadvantaged, and 21% with limited English
proficiency. Sixty percent of the students in my district are also at risk of dropping out
prior to graduation (Texas Tribune, 2019). | have recently switched from high at-risk
students to honors this school year. These students are significantly lower than the district
average in their inclusion of economically disadvantaged at only 36%, and just 5% are
identified as having limited English proficiency. However, there is a consistent thread
between at-risk, ELL, and honors students and that is engagement. The ability for
students to become interested in their work and interact with their peers on content
mastery tasks is critical for student success on their state end-of-course exams.

My first year of teaching at Permian was the 2018/2019 academic year. That year,
| conducted instruction in traditional formats using PowerPoint presentations for guided
notes, collaborative activities using paper-based manipulatives and models, as well as
hands-on laboratory activities. During that time, | observed that student engagement
seemed inconsistent. During some activities, nearly all my students were attentive and
working with their peers and problem solving, but with others they would not attempt

reading the objectives and instructions and were easily off topic. These off-topic students
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would engage in distracting activities such as small-talk, doodling, or be interacting with
personal devices. The following year | had begun to use new activities | had acquired
from colleagues, and altered others to mirror the more successful lessons | had used in the
past more closely in an effort to increase engagement. These activities and modifications
included manipulatives, station problem-solving, and model building using crafting
materials.

In the Spring of 2020, COVID-19 struck and drastically changed how |
approached learning and engagement. The spring semester of 2020 was trial and error for
the district, as we navigated how to conduct distance education. According to a district-
wide survey conducted that semester via Panorama Education (2020), approximately
75% of students reported not feeling engaged in the virtual lessons. By the Fall of 2020,
quarantine and distance learning were still in place. | continued to find and incorporate
different platforms to address the general apathy the students reported, and that | had
observed, the previous semester.

At first, | found any sort of engagement difficult to evaluate. Students were not
actually required to attend meetings to be counted present. They could work through the
material on their own and still earn attendance credit. Students also were not required to
have cameras on for security reasons, other than for exams. Students were hesitant to
speak out and | often did not know if they were present or just logged in. My solution to
this was to incorporate the interactive presentation application Nearpod. Nearpod requires
students to respond to questions and engage in activities throughout the lesson, and was
one way | was able to get some measure of engagement from the students. | was also able

to provide immediate feedback and allow students to correct their responses in real time.
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By using this approach, virtual student scores increased on the first four unit exams from
an average of 78% to 85% and were higher than the district average by four to ten
percentage points. While my students did see a year-over-year decline, it was a
consistently smaller decline than that experienced across the district. Missing from this
setting was an ability to develop and evaluate laboratory skills and, by extension, many
inquiry and processing skills. While some simulations were available online, they were
often unreliable and unclear to the students. The lack of efficient laboratory tools and
simulations has led to a gap in their data analysis and collection skills, which are
imperative to science education.

The superintendent has presented a plan for how education will look in the district
moving forward. In this plan, there will be an increased incorporation of technology for
students in and out of the classroom, and virtual learning continues to be an option for
students meeting specific criteria. From my experience with virtual education throughout
the Covid-19 pandemic, | know it is possible to successfully incorporate digital learning,
however there are still several identified areas of improvement, most notably in
laboratory skills and data analysis. Students returned full time to the classroom in the Fall
semester of 2021, with the superintendent’s plan still not clear. However, we were told to
incorporate digital learning as much as possible and move towards becoming paperless.
The purpose of this study was to determine where technology could prove to be superior
to traditional methods of instruction, and where traditional methods would still be best for

student engagement and content mastery.

Focus Statement/ Question
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My focus question was, “How is student engagement and content mastery
affected by the use of technology in the science classroom?”
My sub-questions included the following:

1. Does the use of digital simulations as a laboratory activity increase students’
understanding of the laboratory learning objectives when compared to paper
based manipulative simulations?

2. Will student engagement and mastery of learning standards increase with a
mixture of digital response systems and paper notetaking during the introductory
phases of units compared to fully digital notes?

3. Do students self-report higher satisfaction, engagement, and learning with the use
of digital notetaking and simulations compared to traditional paper-based

delivery?
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CONCEPTUAL FRAMEWORK

Engagement and Teaching Practices

Over the last century, increased attention and study has been focused on
improving student learning by analyzing how well students are engaged. Engagement can
be described as a student’s active participation and commitment to the process of learning
(Halvorson & Graham, 2019). When looking at specific aspects of student engagement as
described by various models, there are a few common characteristics that emerge. The
first is that a truly engaged student finds personal value in what they are learning. They
can see the significance of their learning to self-improvement, improvement to society, or
their future goal attainment. Engaged students are also persistent with tasks even when
faced with difficulty. The student maintains high expectations for their performance, even
if the teacher expectations are lower. And lastly, students often dedicate their personal
time to further engaging with the material or field of study for personal enjoyment and
fulfillment. This can come in the form of things like personal research or engagement
with related extracurricular activities (Grabau & Ma, 2017; Schlechty, 2011).

High engagement has been shown to be closely associated with high achievement
in several standardized measures (Tamim et al., 2011). Therefore, it is critical that
educators understand how teaching practices can lead to higher engagement. Research
consistently shows that modelling and hands-on learning are two key practices that lead
to increased engagement and achievement (Bryce et al., 2016; Grabau & Ma, 2017;

Louca, 2011). These practices have been incorporated into current frameworks of
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science education including inquiry-based learning, the Next Generation Science

Standards (NGSS), and the 5-E model.

Engagement and Technology

A tool that is increasingly used to facilitate higher engagement in the classroom is
technology. Technology refers to electronic items, such as laptops and tablets, and the
applications they run, such as word processing and slideshow applications. By 2016, 89%
of students reported regular usage of technology in the classroom (Gallup Inc, 2019). The
literature on whether technology can achieve its goal of increasing engagement and
achievement is mixed. A study conducted by the Organization for Economic Cooperation
and Development (OECD) across several countries found no significant increase of
engagement or achievement when information and communication technologies were
used in school (Spiezia, 2010). In contrast, a meta-analysis of over 80,000 studies did
indicate that technology use in science was likely to have a small but positive impact on
achievement (EF=0.23), particularly when incorporating modelling and simulations

(EF=0.35) (Hattie, 2017).

T3 Model and Applications of Educational Technology

Given the broad scope of the OECD study and the meta-analysis, it is valuable to
look at more focused work to determine where technology use would prove to be
beneficial, neutral, or negative in its impact on engagement and achievement. To better
analyze technology use in education, Magana (2019) developed a three-tiered, or T3,
framework for technology innovation and usage. As you move up through the tiers or

domains, the effect sizes of engagement and achievement generally increases.



Domain One: Translational

The first tier is described by Magana (2019) as “translational” use of technology.
This is where classroom strategies and tasks are simply turned into a digital form. This
includes items like digital polling, quizzes, and notes, which are the most common usage
of technology in the classroom. The benefits to the teacher are high in this level in terms
of increased efficiency of assessment and timely feedback (Magana, 2019).

The benefits to the students in the first tier vary according to the task being
digitized. Virtual polling and anonymous digital response systems have shown to increase
student engagement and achievement, as well as be a more satisfactory experience for the
student (Blood, 2008; Hakami, 2020; Poirer, 2007; Rila, 2019). However, when note-
taking is conducted on a computer, there is a significant drop in student engagement
during class, and later recall on assessments. The negative impact on engagement and
achievement is reduced when tablets and digital writers, that more closely resemble paper

and pen, were utilized (Morehead, 2019).

Domain Two: Transformational

The second tier of the T3 framework includes activities designed to increase
production and contribution. In this tier, technology is used to facilitate collaboration
between students, increase student self-generated feedback, and generally allows students
to design and engage instead of just consume (Magana, 2017). Of particular application
to science in the 2nd tier would be the ability to engage in virtual simulations of
modelling systems. As discussed above, modelling and simulations have been shown to

increase engagement and achievement (Hattie, 2017). These gains increase when using
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technology, particularly in the areas of genetics (E=0.87) and cell theory (E=1.54)

(Rutten, 2012).

Domain Three: Transcendent

The third and highest level is where students identify and investigate real
problems and work towards their own solutions. For science education, this would mean
taking the laboratory experience to a higher level. Instead of engaging in simulations with
pre-determined parameters and steps, the student would be freer to develop and design
the experience using the digital tools to solve a real problem. In addition to gains of
content mastery, students reported a higher level of engagement and enjoyment,
particularly when virtual labs were used in conjunction with actual hands-on laboratory
activities (Spernjak & Sorgo, 2018). The third domain of the T3 model coincides with
the indicators of a truly engaged student earlier identified by Grabau and Ma (2017)
where the student was able to take ownership of their educational experience and increase

their understanding of the value of the task.
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METHODOLOGY

Demographics

My Action Research (AR) study followed the effects of digital based simulations
and notetaking on student concept mastery and engagement in the science classroom. |
wanted to determine if paper or digital simulations showed higher increases in content
mastery and engagement, as well as digital versus paper notetaking. In addition, | wanted
to determine if the treatment resulted in student-reported higher satisfaction, engagement,
and learning with digital or traditional instruction. The district overall has 55% of
students identified as economically disadvantaged, and 21% with limited English
proficiency. Sixty percent of the students in my district are also at risk of dropping out
prior to graduation (Texas Tribune, 2019). For the honors biology classes used in this
study, the demographics are a bit skewed from the general trends of the district.
According to the district data management system Ascender, of the 197 students enrolled
in honors classes and used for this study, 36% are identified as economically
disadvantaged (n=71) and 5% of the students have limited English proficiency (n=10). In
addition, 37% of the students are identified as gifted and talented (n=73). To ensure
consistency, all class periods took the pretest assessment, and two were selected to be
part of the experiment based on statistical similarity utilizing a t-test analysis.

The research methodology for this project received an exemption by Montana
State University's Institutional Review Board and compliance for work with human

subjects was maintained (Appendix A).

Treatment
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In my mixed methods research study, the unit chosen for this study was the
seventh unit of freshman biology, i.e., Evolution. At the beginning of the evolution unit,
students were given the Mechanisms of Evolution Pretest (Appendix B). The class scores
were analyzed using a t-test and the two class periods with the most statistically similar
results were chosen to be part of the experiment based on the similar pretest scores. The
two classes were assigned as either control or experimental at random. All students were
then given the notes and lesson on the mechanisms of evolution. The control group
followed the lesson with a paper-based manipulative scenario that illustrated how a
population shifts based on introduced variables. The experimental group was given a
computer-based PhET simulation assignment that allowed them to manipulate variables
digitally and to show population shifts over time. Students were then given the
Mechanisms of Evolution Posttest (Appendix B) to obtain data to calculate mastery gains
and the Likert Survey of Computer-Based Simulation Learning (Appendix C) to
determine engagement. In addition to raw test scores, confidence questions were
embedded for each question that asked students to rank their confidence in their correct
answer on a 1-3 scale. This allowed me to gain more information on their perceptions of
their own mastery of the content and allowed me to determine when correct answers were
given on the multiple choice by luck, rather than knowledge.

For the second part of the study, evaluating the impact of digital notetaking on
mastery and engagement, an introductory lesson on the evidence of evolution was used.
The same pretest and group assignment process was utilized as described above. Both
groups had the lesson provided through the digital platform Nearpod. The Nearpod app

allows for embedded media within a standard digital slideshow. The control group
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completed their notes in a standard paper template. Students in the experimental group
were instructed to complete their notes through the classroom management application
Schoology. Students were then given the Evidence of Evolution Posttest (Appendix D) to
determine mastery gains and the Likert Survey of Computer-Based Notetaking
(Appendix E) to determine student attitudes on the experience. At the end of the unit, all
groups participating in the study were given the option to complete the Open-ended
Survey of Student Engagement and Accessibility (Appendix F) to allow students the
ability to provide feedback and context that may not have been allowed for in the two

Likert surveys.

Data Collection and Analysis Strategies

To determine how the students were impacted using technology, several
instruments and data analysis methods were utilized. To gain a better understanding of
the overall experience from the students’ perspective, a mixed methods approach was
implemented. This consisted of pretest/posttest quantitative analysis, Likert surveys, and

open-response surveys.

Data Collection Methods

The Mechanisms of Evolution Pretest is a ten-question assessment that includes
multiple choice single-answer responses and a multiple choice multiple-answer response
(Appendix B). In education, it is common to use quantitative research design and
standardized assessments as a means of evaluating instructional effectiveness in a value-
added model (Vogt, 2011). In this case, | measured the effectiveness of a digital

simulation compared to a paper-based simulation. I chose a two-group pretest and
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posttest design. This design is used when the changes between groups are dependent on a
variable, in this case the type of simulation (Allen, 2017). The pretest provided a measure
prior to administering the treatment that served as a baseline comparison for the control
and experimental groups. The administration of the pretest also allowed me to conduct
analysis on the groups to determine if they were statistically similar or if groups needed
to be rearranged to ensure similarity (Mertler, 2020). To determine the structure of the
standardized pretest, | wanted to mimic the means of assessment used by the state.
Student mastery is assessed through the State of Texas Assessment of Academic
Readiness, or STAAR, end of course exam (TEA, 2020). This test is multiple-choice with
four answer options for each question. | have utilized a similar format for assessing
mastery and growth for this experiment with the Mechanisms of Evolution and the
Evidence of evolution pretests.

The posttest was given after the treatment to the control and experimental groups.
The posttest was identical to the pretest in the questions asked. With a control group and
an experimental group that were statistically similar on the pretest, | was able to conduct
analysis on the posttest to determine gains between the groups. T-test analysis was then
conducted between the groups to determine if there was statistical difference due to
treatment (Mertler, 2020).

Students completed the Likert Survey of Student Perceptions of Computer-based
Simulations which gave me contextual information on the usage of computer-based
simulations compared to standard paper-based methods (Appendix C). All options were
presented using a 5-point scale continuum, with a neutral option provided. While the

inclusion of the neutral option is debatable (Mertler, 2020), | have included it here to
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allow for accuracy of those that truly had no opinion. This survey was only given to the
experimental groups but allowed me to see how students perceived the usage of computer
simulations on their mastery. Students were given paper-based activities throughout the
year, so they had prior knowledge and experiences to draw from for comparison. This
survey provided me with contextual data on how they viewed their mastery compared to
the actual results of the pre-posttest analysis. | was also able to determine how they
perceived the value of this experience to their education. The data was analyzed by
frequency and graphed, as other means of data analysis are not available with ordinal
responses (Bowen & Bartley, 2014).

The Evidence of Evolution Pretest is a twelve-question assessment that was given
to students prior to the lessons on the evidence of evolution (Appendix D). Like the
pretest for mechanisms of evolution, | utilized the same multiple-choice format modelled
after the STAAR test. This provided me with the baseline of data that was used to create
statistically similar control and experimental groups (Mertler, 2020).

The students were given an assessment that was identical to the pretest after the
treatment was administered. In this case, the treatment was the mode of notetaking with
the control group taking their notes in the traditional paper-based method and the
experimental group taking their notes digitally through Google Slides. The post-test
results were analyzed using a t-test to determine if there was any statistical difference in
the gains of the two groups (Mertler, 2020).

Students completed the Likert Survey of Student Perceptions of Computer-based
Notetaking on their perceptions of the accessibility and ease of notetaking online versus

taking their notes on paper (Appendix E). Only the students in the experimental groups
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completed the survey. The students were able to complete their notes on paper throughout
the year and used that as their comparison. The survey gave me insight into how students
viewed their ability to utilize the notes in working towards content mastery. The data was
graphed, and the frequency analyzed to determine trends (Bowen & Bartley, 2014).

Students that were in the experimental groups were given the option to complete
an open response survey that included six short questions regarding their views on the
experience and provide any feedback (Appendix F). While the Likert survey allowed me
to get specific data on their attitudes, the open-response survey allowed me to get
qualitative data that may have been omitted with the Likert attitude surveys and allowed
the students to elaborate on their views and responses from the other study instruments.
(Given, 2012). The data was analyzed utilizing a word-cloud application to look for
frequencies of words for each given response. From there, similar terms and concepts
were used for emergent theme analysis (Given, 2012). By utilizing these methods, | was
able to gain multiple data collection points in order to address my focus questions (table

1).
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Table 1. Data Triangulation Matrix.

Focus Questions

Data Collection
Instruments

Does the use of
digital simulations
increase students’

understanding
compared to a
paper-based
manipulative
simulation in
science?

Will student
mastery increase
with a mixture of

digital response
systems and paper
notetaking during
the introductory
phases of science
units compared to
fully digital notes?

Do the students
report a higher
level of
engagement,
satisfaction, and
learning with the
integration of
technology into
the science
curriculum?

Mechanisms of
Evolution Pretest

Mechanisms of
Evolution Posttest

Response Confidence
Scale- Mechanisms

Likert Survey of
Computer-Based
Simulation Learning

X X| X] X

Evidence of Evolution
Pretest

Evidence of Evolution
Posttest

Response Confidence
Scale- Evidence

Likert Survey of
Computer-Based
Notetaking

X X| X| X

Open-ended Survey
of Student
Engagement and

Accessibility

Analysis Strategies

The Open-Ended Survey of Student Engagement and Accessibility items was

reviewed to determine specific word frequency in responses. Related words and

responses were grouped together and then categorized to analyze emergent themes
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(Given, 2012). This enabled me to identify common trends in responses and the
responses were compared to the quantitative data collected.

To assess whether the experimental and control groups were similar on the pretest
performance, | completed a t-test. | needed to ensure that both groups were not
statistically different at the start. A post-treatment t-test was also conducted to determine
if there was statistical variance between the control and treatment group and to determine
effect size. For each class period, I also analyzed student confidence ratings between the
pre and posttest.

For the Likert-type items, I chose a 1-5 scale, with three being neutral. |
determined the median value for each question to determine whether the data generally
fell with agreement, disagreement, or neutral. Further statistical analysis was not
conducted as the data collected was ordinal in nature, and, therefore, cannot be subject to
statistical tests like a t-test, ANOVA, nor could a mean be calculated (Bowen & Bartley,

2014).
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DATA ANALYSIS

Digital Notetaking

Pretest and Posttest Analysis

The first set of data that was analyzed was the pre and posttest data of student
notetaking methods regarding the evidence of evolution. On the pretest, the average score
for the experimental group was 45.8%, compared to the average score for the control
which was 45.4%. The pretest t-test analysis between the control and experimental
groups showed a p-value of 0.93. There was a significant drop on the posttest to a p-value
of 0.12, with the average score for the control group increasing to 69.1% and the
experimental group score increasing to a 62.7% (Table 2). The confidence responses
between the two groups also saw a significant difference, as the control group saw a 76%
reduction of responses of “I guessed/not very confident” (n=98 to n=24) while the
experimental group only saw a 53% reduction of “I guessed/not very confident”

responses (n=118 to n=56) (Figure 1).

Table 2. Evidence of Evolution Pretest and Posttest Scores.

Pretest | Posttest

8th period 45.8% | 62.7%
(experimental)

7th period 45.5% | 69.1%
(control)
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m | guessed/ not confident = fairly confident = | am confident | am correct

8th confidence

(experimental) 16%
34%
et il
pesfieet 39%

0% 25% s0% 75% 100%

Figure 1. Confidence of evidence of Evolution Pretest/Posttest student responses.

Likert Survey

The student Likert survey of Digital Notetaking responses regarding their
perceptions of digital notetaking were then analyzed. Student responses were analyzed
collectively as agree, neutral, or disagree. Questions were phrased indicating positive
response to digital notetaking, meaning that a disagree response reflected a negative
attitude towards digital notetaking. Student responses skewed towards disagree, as the
number of responses that disagreed had a range of n=14 to n=22. Response of disagree
exceeded the combined total number of responses of “neutral” (range of n=7 to n=10)

and “somewhat agree” and “strongly agree” (range of n=4 to n=9) in all survey items
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except for organization. (Table 3). This indicates a strong negative perception of digital

notetaking.

Table 3. Responses for Likert Survey of Digital Notetaking.

2.1
gained
a 3. Digital
higher | notes are
mastery | easier to 5. Digital
1. 1tis | of access notes are
easier content | when 4. Digital | easier to 6. | feel
to take | taking | needed for | notesare | organize. satisfied
notes notes studying easier to (Example: by | with the
digitall | digitall | and personaliz | topic, unit, experienc
ythan |y assignment | e than or level of e towards
on than on | completion | paper understanding. | my
paper. | paper. notes. ) learning.
strongly
or
somewha
t disagree | 18 22 19 20 14 17
neutral 7 7 8 7 10 7
strongly
or
somewha
t agree 8 4 6 6 9 9

Pretest and Posttest Analysis

Digital Simulations

The next set of data that was analyzed was the Mechanisms of Evolution Pretest

and Posttest results regarding the use of digital simulations. On the pretest, the average

score for the control group (n=35) was a 47.4%. The average score for the experimental

group (n=30) was a 48.0%. The pretest t-test analysis between the control and

experimental groups showed a p-value of 0.90. There was a significant drop in the p-
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value on the posttest to a 0.25, with the average score for the control group increasing to
68.9% and the experimental group score increasing to a 63.2%. The control group
responses saw a reduction in frequency that answered "I guessed/not very confident” by
35%, whereas the frequency of responses of "I guessed/not very confident™ reduced by
41% in the experimental group, showing an increased confidence in the experimental

group.

Table 4. Mechanisms of Evolution Pretest and Posttest scores.

Pretest | Posttest

4th period 48.0% | 68.9%
(experimental)

8th period 47.4% | 63.2%
(control)

m | guessed/ not confident m fairly confident = | am confident | am correct

4th confidence

(experimental) 24%
35%
8th confidence
(control) e
34%
0% 25% 50% 75% 100%

Figure 2. Confidence of mechanisms of Evolution Pretest/Posttest student responses.
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Likert Survey

The student Likert survey responses regarding their perception of simulations was
then analyzed. Students responded with heavily skewed results towards “strongly agree”
and “somewhat agree” indicating students showed a more favorable view towards the use
of digital simulations (Table 5). The combined responses of disagree and neutral (range
of n=6 to n=7) was half of the responses indicating agreement (range of n=14 to n=15)
for the ease of visualizing concepts, student engagement, clarity of topic explanation, and
student satisfaction. The only response that showed a strong neutral or negative attitude
was regarding the simulations ability to facilitate collaboration, with n=13 indicating

disagreement or neutral attitude and n=8 responses indicating agreement.

Table 5. Responses- Likert Survey of Digital Simulations.

2. The

1. The simulation 4. 1 gained a
simulation was more 3. The clearer 5. | feel
made it engaging simulation | understanding | satisfied
easier to than made it of how with the
visualize the | discussion- | easy to evolution experience
mechanisms | based collaborate | works using towards my
of evolution. | scenarios. with others. | the simulation. | learning.

strongly or

somewhat

disagree 2 2 3 2 4

neutral 4 5 10 4 2

strongly or

somewhat

agree 15 14 8 15 15

Engagement and Accessibility
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The engagement and accessibility survey responses were tallied by theme and key word
mentions, then ranked and color coded by its view towards technology (Appendix G).
The most common barrier mentioned by students was the reliability of the technology
and networks. Student responses indicated that “wifi doesn’t work” and that the “internet
doesn’t connect.” Students also indicated that the school login accounts were getting
locked. This must be reset by library technology staff. However, students did show a
positive view towards the ability of technology to facilitate research and improve their
overall capacity to stay organized. Students responded that it was “easier to keep things
together” and that it can facilitate their ability to stay on track because they can “still get
assignments when absent through Schoology.” Many also relayed that they felt it was a
faster and easier way to complete assignments and exams, responding that its “easier to
take tests.” Several students had responded that they felt technology use must be balanced
with more traditional deliveries and that technology should be utilized as a differentiation
tool and it should “be made a choice” when and how it is used for assignment

completion.
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CLAIM EVIDENCE AND REASONING

Claims From the Study

The Use of Digital Simulations on Mastery

The overarching goal of my AR study was to identify student perspectives on the
usage of technology and its effect on achievement and engagement to determine how to
best implement technology moving forward. This study had three specific objectives to
accomplish the previously stated goal. The first was to identify if the use of digital
simulations increases student understanding compared to paper-based manipulative
simulations. Student mastery showed increased gains with digital simulations as indicated
on the pretest and posttest questions. In addition, they reported an increased confidence in
their responses compared to the paper-based group. This indicates that student
achievement was improved with the use of digital simulations in the science classroom
compared to paper-based simulations. This supports the conclusions of studies conducted
by Blood and Neel (2008) and Louca and Zacharia (2011). As simulations fall under the
second domain of the T3 framework, the increased engagement also supports claims

outlined by Magana (2017).

The Use of Digital Notetaking on Mastery

The second objective was to determine if the use of a mixture of digital response
systems and paper-based notes would show higher student mastery when compared to
computer-based notetaking strategies. Based on student pretest and posttest performance
on the Evidence of Evolution assessment tool, students showed less mastery gains taking

notes digitally than on paper. This indicates that student achievement and mastery are
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higher using a mixture of traditional paper-based notes with interactive digital response
systems than using computer-based notetaking strategies alone. This study reinforced the
results of previous studies of Morehead and Rawson (2019) and Mueller and
Oppenheimer (2014). Notetaking falls under the first domain of the T3 framework, which
claims that purely digital notetaking reduces engagement in students (Magana 2017).
This generally is reinforced by my studies results, although about 1 in 4 students did
indicate a preference for digital notetaking on their surveys. This method could be made
optional and utilized as a differentiation tool in the future.

Technology Usage and Student Satisfaction and
Engagement

The last objective was to determine if students felt a higher level of engagement
and satisfaction with their learning experience with the use of digital simulations and
notes than traditional paper-based methods. Students reported an increased level of
engagement and satisfaction with the digital simulation on the Likert survey. However,
about 3 in 4 students do not prefer to take notes digitally according to their Likert survey.
On the student open-response survey, many reported a strong to moderate disengagement
and challenges with digital notetaking stating that digital notetaking was not as personal

as paper-based notes, was confusing to format, and was tough to stay focused on.

Value of the Study and Consideration for Further Research

While this study supports that computer-based simulations provide higher
engagement and mastery than paper-based activities, | would like to look closer at how

digital simulations can be utilized as an addition to paper-based activities to further
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student engagement and comprehension. The utilization of both in slightly different ways
may yield the maximum benefit, as suggested by Hattie (2017).

In the Likert surveys and open responses, there was a clear indication that
students favored paper notetaking. However, some students did indicate a preference for
digital notetaking on their Likert and open-response surveys. To better understand this
variance of responses, further study can be done to determine if these preferences show a
correlation to learning styles. Other factors that were not taken into consideration for this
study that warrant further examination include the students current level of knowledge
and skill, and the students home access and engagement with technology.

The open-response survey also identified other areas of interest for continued
study including how technology can facilitate learning and engagement in collaborative
project-based learning and research, and how computer-based test-taking can affect
integrity of data on standardized exams. Further, the biggest challenge expressed by
students was reliability of internet and the ability to navigate the computer itself. These
concerns will be passed along to the district level for further evaluation to determine what
infrastructure supports may be necessary to upgrade or alter in order to further facilitate

technology integration.

Impact of Action Research on the Author

Several things changed throughout the Covid pandemic that affected how teachers
can engage and interact with their students. Technology became a primary facilitator and
the shift to technology integration was so rapid and immense that it became

overwhelming to navigate for many educators. Being able to conduct this study provided
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a methodical means of analyzing key areas of technology integration in the science
classroom in the best interest of the students.

While initially I sought out to determine key areas where technology could best
be integrated, the open-response survey made me come to a different realization.
Technology is not a replacement for traditional methods, but rather another tool in the
toolbox to allow for greater differentiation in the classroom. Several students favored
either just traditional or just technology mediated learning, however most indicated that
their preference varies by situation, writing “both have their benefits” and “it could
depend on what kind of assignment it is.” It made me realize that seeking to turn
technological options into another “one size fits all” approach is in opposition to the very
core of being a successful educator. That is, that each student is unique and deserves an
education that is meaningful and often as unique as they are. As one student put it
“Shouldn't letting the students learn the way they feel most confident in be most
important?” This is something to reflect upon when we as educators launch new
initiatives or incorporate new strategies and frameworks. While the novel technologies
and techniques may work for many, they may not be right for all students and all
situations and by making items mandatory and using a “blanket approach” we are not

necessarily working in the best interest of our diverse student populations.
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MECHANISMS OF EVOLUTION (PRETEST/POSTTEST)
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5)

6)
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The ability of an organism to compete successfully for environmental resources,
survive predation, resist disease, and live to adulthood affects the organism’s —
a. fitness
b. genetic variability
c. reproductive potential
d. genetic code

Evolution that occurs due to an individual migrating and mating in a new
population is known as-

a. Gene flow

b. Genetic drift

c. Natural selection

d. Nonrandom-mating

Which of the following are environmental factors that can select for or against
certain traits? Choose all that apply.
o Predation
Vegetation
Temperature
Precipitation
Availability of mates

o O O O

Which mechanism of evolution leads to adaptations?
a. Gene flow
b. Genetic drift
c. Natural selection
d. Non-random mating

True or false: Only beneficial traits are passed on to the next generation.
a. True
b. False

Which of the following best explains why a finite supply of environmental

resources is important to differential reproductive success?
a. Limited resources create selection pressures for survival on the population.
b. Variations within a population allow for differential reproductive success.
c. Some members of a population survive competition but never reproduce.
d. Natural selection does not occur when the environment limits the supply

of resources
Natural selection relates to adaptations in all the following ways except —
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a. adaptations that cause a disadvantage to the species are selected against
and do not become common in the population

b. organisms with traits that best enable them to adapt to an environment are

the ones most likely to survive

natural selection grants a species any trait it might need for survival

d. changes that make organisms better suited to their environment become
common in the species

o

8) Which of the following is an example of a heritable characteristic possessed by an
animal that will improve its reproductive potential and survivability in its
environment?

a. Position of geese flying in V formation

b. Color and shape camouflage of a preying mantis

c. Use of tools by chimpanzees learned through experience
d. Male dominance in a pack of wolves

9) What conclusion can be drawn from the following statements regarding
the adaptation of organisms?

1. Variation exists among individuals in a population.

2. Genes are passed from one generation to the next.

3. Speciation occurs when variation occurs over time in geographic
isolation.

Organisms adapt to changes in the environment on an individual basis.
Adaptation leads to change in a species.

Variation is caused by a single factor.

Species only adapt when they make the decision to adapt.

o0 o

10) For a mutation to be evolutionarily significant, it must —
a. change the type of protein being produced
b. have a neutral effect on an organism
c. provide a survival advantage to the species
d. cause the loss of a gene
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APPENDIX C

LIKERT SURVEY OF COMPUTER-BASED SIMULATION LEARNING
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1. The simulation made it easier to visualize the mechanisms of evolution.

Strongly Somewhat Neutral Somewhat Strongly agree
Disagree Disagree Agree

©) O @) ©) ©)
2. The simulation was easy to navigate.
Strongly Somewhat Neutral Somewhat Strongly agree
Disagree Disagree Agree

@) @) @) @) (@)
3. The simulation was more engaging than discussion-based scenarios.
Strongly Somewhat Neutral Somewhat Strongly agree
Disagree Disagree Agree

©) O @) @) ©)
4. The simulation made it easy to collaborate with others.
Strongly Somewhat Neutral Somewhat Strongly agree
Disagree Disagree Agree

O O O O O
5. 1 gained a clearer understanding of how evolution works using the simulation.
Strongly Somewhat Neutral Somewhat Strongly agree
Disagree Disagree Agree

@) O @) ©) ©)
6. | feel satisfied with the experience towards my learning.
Strongly Somewhat Neutral Somewhat Strongly agree
Disagree Disagree Agree

O O O O O
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APPENDIX D

EVIDENCE OF EVOLUTION (PRETEST/POSTTEST)
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Species Nucleotide

Sequences

Species 1 ATGTAGC

Species 2 ATCTGAC

Species 3 AGGTACC

Species 4 AGGCGGC

1) The table above shows a section of DNA for four different species. According to
this data, which two species are most closely related? Select two answers below.

o Species 1

o Species 2

o Species 3

o Species 4

2) The occurrence of the same amino acid sequence in digestive proteins in two
morphologically unrelated species provides evidence that these two species —

occupy the same niche

have analogous structures
descended from a common ancestor
have evolved convergently

o0 o

3) How can evolutionary relationships among organisms be determined by
comparing embryonic development?

a. Embryos retrace their ancestral stages during embryonic development.

b. Embryos of more closely related organisms show greater similarities in
development.

c. Embryos that develop inside eggs lack similarities to placental mammals.

d. Both fish and humans have a two chambered heart in an early stage of
development.
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4) Looking through the fossil record, there are times when numerous fossils look to
just appear all at the same time with similar characteristics. What is a good
explanation for this?

a. A change in the environment occurred, and animals choose to express
different traits.

b. New species are always occurring, and there is no reason for it.

c. Ancient man killed off all the animals, and they raised new animals, which
are then found in the fossil record.

d. A change in the environment caused a new trait to be favored for survival.

5) What is the best explanation for the different types of beaks in the finches?

a. Each species of finch was brought to the islands by explorers over the
course of several decades.

b. The finches can adjust their beak type depending on what predators are
hunting them.

c. The type of beak on each individual finch depends on what mutations that
finch receives during reproduction.

d. Natural selection caused each species of finch to have the type of beak
best suited for survival in its environment

6) The three illustrations show anatomical structures of three different organisms.

2 3
Based on your understanding of anatomical homologies, which organisms most
likely have a recent common ancestor?
a. land?2
b. 1and3
c. 2and3
d. None of the organisms have a common ancestor.
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A student created a cladogram for several types of plants. Use the cladogram to

answer 6-8.

Mosses Ferns Conifers Flowering Plants

Flowers

Vascalar tissue

7) Which organisms produce seeds? Select all that apply.

o

@)
@)
@)

Mosses

Ferns

Conifers
Flowering plants

8) Which organism is most related to mosses?

a.

b.
C.
d

Ferns

Conifers

Flowering plants

All are equally related

9) What kind of evidence would challenge the accuracy of the cladogram?

a.

b.
C.
d

The discovery of a species of conifers that contained vascular tissue
The discovery of a species of ferns that produced seeds

The discovery of flowering plants with vascular tissue and seeds
The discovery of a species of mosses that lacked flowers
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10) A map of an area of the world with a key showing geographic features is labeled
with several numbers. The numbers represent populations of species that all have
common ancestry with each other.

\Aasanl Mountains

W* E ~=.  Major River

* Capital City

“»\Sri Lanka .
Indian Ocean ‘4

Based on the geographical features, which two species are likely to have the most
recent common ancestor?

20 Mies
0 220 KM

land 2
2and 3
3and 4
4and5

o0 o
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APPENDIX E

LIKERT SURVEY OF COMPUTER-BASED NOTETAKING
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1. Itis easier to take notes digitally than on paper.

Strongly
Disagree
©)

Somewhat
Disagree
(@]

Neutral

o

Somewhat
Agree
(@]

Strongly agree

2. | gained a higher mastery of content taking notes

digitally than on paper.

Strongly Somewhat
Disagree Disagree
©) @)

Neutral

o

Somewhat
Agree
@)

Strongly agree

3. Digital notes are easier to access when needed for studying and assignment

completion.
Strongly Somewhat Neutral Somewhat Strongly agree
Disagree Disagree Agree
©) @) @) (@) @)

4. Digital notes are easier to personalize than paper notes.

Strongly Somewhat
Disagree Disagree
o O

Neutral

@)

Somewhat
Agree
O

Strongly agree

5. Digital notes are easier to organize. (Example: by topic, unit, or level of

understanding.)

Strongly Somewhat
Disagree Disagree
O O

Neutral

@)

Somewhat
Agree
O

Strongly agree

6. | feel satisfied with the experience towards my learning.

Strongly Somewhat
Disagree Disagree
(@) @)

Neutral

Somewhat
Agree
o]

Strongly agree
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APPENDIX F

OPEN ENDED SURVEY OF STUDENT ENGAGEMENT AND ACCESSIBILITY
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Answer the following as completely as you can regarding the use of technology in the
classroom. Things to think about include laboratory activities, simulations, response
systems, notes, connectivity, Schoology, etc.

1. Tell me about your experience with technology in school.
a. What difficulties do you have using technology in school?

2. What aspects of using technology during assignments do you find the most
helpful? Least helpful?

3. What do you feel benefits your learning the most, computer-based assignments or
traditional paper-based ones? Why?

4. Describe your level of engagement when using a computer-based assignment
versus a paper-based assignment.

5. In what ways do you think computer-based assignments could be best
incorporated into assignments to benefit your learning?

6. Is there anything else you would like me to know about how you use or feel about
technology in the classroom?
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APPENDIX G

OPEN ENDED SURVEY DATA ANALYSIS
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SURVEY QUESTION

1. Tell me about your general experience with technology in
school. What difficulties do you have using technology in school?

no problem
wifi/slow internet
charging/hardware

knowledge of computer

2. What aspects of using technology during assignments do you
find the most helpful? Least helpful?

organization of work
research/editing/resources

typing faster than writing

application issues/connectivity issues
physical exhaustion/ distractions

cheating easier

3. What do you feel benefits your learning the most, computer-
based assignments or traditional paper-based ones? Why?

general preference: computer
organization

easier/faster

research/resources

general preference: paper
visualization/focus
notes/organization

peer to peer/ peer to teacher interactions

4. Describe your level of engagement when using a computer-
based assignment versus a paper-based assignment.

computer positive/ paper negative
computer negative/ paper positive
depends on the situation/ both equally

5. In what ways do you think computer-based assignments could
be best incorporated into assignments to benefit your learning?

MENTION
FREQUENCY

29
28

17
15

14

24
10

23
13

23
15
12
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videos/animations/interactive slides
missing work/additional resources
research

6. Is there anything else you would like me to know about how you
use or feel about technology in the classroom?

no response
balancing computer work with paper work
tech use should be a choice (differentiation)

10

54
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