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THE RELATIONSHIP BETWEEN STUDENTS’ ATTAINMENT IN GENERAL PHYSICS COURSE
AND THEIR PRE-COURSE PREPARATION

Abstract. This article presents a study of the students’ achievement in the US university course of General Physics and their
background, namely experience in studying physics in school (in US school physics is commonly a section within a general Physical
Science course; time interval between previous and current courses; and taking prerequisite courses required for taking physics —
usually a few mathematics courses.

The study was performed at National University, San Diego, California, USA. A specifics of instruction at this university is
a one-month course format, when students take a semester course within four weeks, which is achieved through concentration
of class hours during this time period. A student can take only one course at a time. This format is convenient particularly for
working adult students.

The difficulty of teaching physics in such course format is explained by a number of factors, among which uneven student
preparation in physics, which may be connected to various time intervals between a previous and current courses which may lead
to forgetting the material, some overestimation of their preparation to physics course by students, and insufficient quality of
student learning outcomes in the prerequisite course to the physics course requirements.

The data presented in the article were obtained by surveying students and analyzing the results of two tests they take in
the course: mid-term and final. We did a comparative investigation of two specializations, electrical engineers and biologists. This
study demonstrated that students who had never taken physics earn 1.5-2 times more unsatisfactory grades than those who had
taken it before. The course outcomes are also affected by the time interval between school graduation and the beginning of the
physics course; especially significant is the interval of 10 years or more.

Based on the data obtained we made conclusions and developed practical recommendations for the instructors.
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Introduction

The US economy is currently in a time of major transition, as it moves from an agriculture and manufacturing to
information economy. This new economy is firmly based on scientific knowledge and continuous innovation. The jobs of the
future will require greater ability to invent, improve and adapt, and to see beyond present problems to future opportunities. It
creates the need for a great number of scientifically educated and trained populace. Physics is the foundation of contemporary
technologies, therefore high school physics is a prerequisite for nearly all STEM careers. However, high school students are
reluctant to learn it —only 1/3 of US high school students take physics; at the same time there is a significant shortage of qualified
physics teachers - only 1/3 of all high school physics teachers have a degree in physics education. [1]. This situation is leaving too
many US students unprepared for college study in STEM disciplines.

Physics remains a difficult subject for undergraduate college students. Transition from high school to college is particularly
painful for those students who choose majors that require physics as a general subject. Research demonstrates that students
coming to the college and taking General Physics courses necessary for their majors in various areas have similar issues: students
do not know the terminology, do not understand physics concepts, and cannot solve problems [2, 3]. The issue definitely points
to insufficient school Physics education. Still, when Physics is a mandatory subject in a number of college specializations, students
have to master it. This situation calls for special approaches to teaching undergraduate Physics. The first step in improving
undergraduate physics education is to understand the landscape in which the subject is being taught.

State of College Physics Education

A number of researchers critically assess current situation in physics college education. Sadler and Tai [4] report that
students have problems understanding physics due to the low effectiveness of the pre-college preparation. They indicate,
however, that high school teachers and college physics professors differ in their beliefs concerning the extent to which a high
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school physics course prepares students for college physics success. Yet their study demonstrates that taking a high school
physical science course has a modestly positive relationship with the grade earned in introductory college physics. More rigorous
preparation, including calculus and 2 years of high school physics, predicts higher grades. This finding is further exacerbated by
Meltzer’s research [5], which finds a positive correlation between students’ mathematical skills and their exam grades in college
physics. Meltzer found that students’ normalized learning gains are not significantly correlated with their pretest scores on a
physics concept test, but there is a substantial correlation between normalized learning gain and students’ pre-instruction
mathematics skill. These results suggest that students’ initial level of physics concept knowledge might be largely unrelated to
their ability to make learning gains in a physics course; however their pre-instruction algebra skills might be associated with their
facility at acquiring physics conceptual knowledge. Aina’s findings [6] further indicated that there was a significant difference in
students' academic achievement in physics based on subject combination, and that academic achievement of students who
combined physics with mathematics was better than those who combined with chemistry. These data are further confirmed by
Kola [7].

Numerous studies bring about the conclusion that physics and mathematics are positively correlated in nature, that was why
students' understanding in one assists in the other. School programs, nevertheless, do not adequately prepare candidates for colleges
either in physics or in mathematics [2]. There is a deep gap between high school programs and entrance expectations of colleges.
Among suggested recommendations was that subject-nature correlation is very important and must be seriously considered before
student combine subjects of study in college. Another recommendation addresses the need to make secondary school and
undergraduate college programs compatible and ensure smooth transition for those who want to continue their education.

Study

This study intended to find relationship between students’ accomplishments in the course of college General Physics (GP)
and their previous high school Physics and Mathematics education. Mathematics, incidentally, is commonly required as a so-
called prerequisite course to be taken before GP. Another direction of study was the time period between a current Physics
course student class and high school graduation. The time interval between school and college might be a significant factor in
their mastering college physics because their knowledge might be diminishing with the time. The data obtained could be used to
explain how these factors affect students’ achievement in the college GP course, and suggest ways to improve their
accomplishments. The study was conducted at National University.

Specifics of National University’s (NU) unique approach to higher adult education is its accelerated 1x1 course model
which compresses a semester-long course into a one-month format retaining the same amount of class hours. All one-month
courses are taught sequentially, one after another, and taking two courses simultaneously is discouraged. This format is very
attractive to working adult learners who need to obtain a degree in the field they already work sooner rather than later as adult
learners are pressed for time. This model proved to be effective because it allows students to concentrate on one content, course
structure and teaching style during this month and thus graduate sooner ([8, 9]. Practically all courses in the NU programs, both
onsite and online, are offered in the 1x1 model format.

One of the difficulties in teaching college physics in general and in this accelerated course model in particular is students’
uneven preparation for taking Physics course as quite a few students are not ready to take it, which makes teaching and learning
in the same cohort a challenging task. This difficulty can be explained by several factors:

® Poor physics and math preparation in school.

e Erroneous expectations of the college physics course, which in students’ mind is often likened to the school Physical
Science course, that is actually not a Physics course but a combination of low-level Biology, Physics, Chemistry and Earth Sciences.

e Various time spans between school graduation and taking a university course.

e Insufficient prerequisite course mastery.

The hypothesis for this research was that if a student had taken physics courses in high school, successfully mastered
prerequisite math college courses, and the shorter the time span between graduation from high school and taking a college
course of GP was, the better outcomes they achieve in the college physics course.

This paper presents the results of the pilot study conducted in the 2015-16 academic year in two classes in different
disciplines, one electrical engineering EE (22 students), and the other biology Bl (16 students). The data were obtained through
surveying students using a specially designed questionnaire which allowed to get and compare the information they supplied on
whether they had taken physics and math at school, weather they had taken prerequisite math courses, and how long was the
time span with the test results from midterm and final exams.

For quality indicators of the learning outcomes we used students’ grades obtained in two exams, midterm and final. The
grades students received were grouped, for convenience’s sake, into three categories:

e Good (A, A-, B+, B)

e Satisfactory (B-, C+, C, C-, D+)

e Unsatisfactory (D, D-, F)

e Time spans between school and university course were also set into three categories:

e 10 years and more

e More than 5 and less than10 years

e Less than 5 years

The midterm (MT) results deserve a special note: they are more demonstrative than the final test (FT) results, because
the latter is more influenced by the instructor’s and students’ efforts in the class.

Analysis

The first step in this research was focused on finding correlation between students’ taking physics at school and their MT
grades. The results for MT for both classes are given in Table 1. The data allow to analyze students’ grades and compare them to
the fact whether they had taken physics at school (Y) or not (N). The data shown are in %%.
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Table 1.

Electrical Engineers

Good Satisfactory Unsatisfactory

18 41 41

Y N Y N Y N
5 13 27 14 14 27
Biologists

Good Satisfactory Unsatisfactory

19 25 56

Y N Y N Y N
13 6 0 25 31 25

As seen from Tablel, the fact of taking physics in school affects the MT results to a certain extent: out of 41% of

unsatisfactory grades among EE, only 14% of the surveyed students had taken physics in school, while the remaining 27% had
not, which evidently affected their test results. The majority of students who got satisfactory grades took physics in school (27%
vs. 14%), however, there was an opposite relationship among students who got good grades (5% vs. 13%).

Among BI, the number of students who received unsatisfactory grades is significantly higher and makes 56% (vs. 41% with
EE). This can be explained by their initial professional predisposition, which does not explicitly require physics. Out of 56% of
unsatisfactory grades among biologists, 31% had taken physics at school, and 25% had not, which makes us believe that physics
at school was not taught and/or mastered well. Neither of students who got satisfactory grades took physics is school (25%), but
the majority of students who got good grades did (13% vs. 6%).

It is interesting, when we analyze the “good” and “satisfactory” grades, the results are different among these two
specializations: among EE students only 5% had taken school physics, however 13% did not, but among Bl the result is the
opposite: 13% had taken physics in school, and 6% had not. We believe that engineers have a generally better preparation in
Physics and Math due to their initial inclination for technology. Bl students do not have that kind of an inclination, therefore
school physics helped the good students. Interestingly, it did not play any role for the “satisfactory” biology students. In all, there
has not been found a direct correlation between students MT grade and their previous physics education, which confirms Sadler
and Tai’s [4] and Maltzer’s [5] conclusions mentioned earlier.

The second part of research looked into a possible correlation between students’ achievement in math prerequisite
courses and physics. Students were asked to assess their confidence level in math (H- high, L — low) based on their prerequisite
courses they had taken before physics classes.

Table 2.
Midterm results related to students’ self-assessment of their math preparation

Electrical Engineers
Good Satisfactory Unsatisfactory

18 41 41
H L H L H L
15 3 18 23 11 30
Biologists
Good Satisfactory Unsatisfactory

19 25 56
H L H L H L
12 7 12 13 16 40

As seen from Table 2, there is an evident correlation between students’ self-assessment of their math preparation and
their MT results in all groups of “good”, “satisfactory” and “unsatisfactory” students: the more confident they were in the math
preparation, the higher grades in physics they earned, and vice versa: the less confident, the poorer grades. This finding confirms
the conclusions presented in Sadler and Tai’s (2001) and Maltzer’s (2002) research.

The next part of the research was to analyze the relation between students’ achievements (grades) and temporal interval

for engineers and biologists between college course and school graduation (%):

Table 3.

Students’ achievements (grades) and time interval between school graduation and college course
Time Electrical Engineers Biologists
Interval
Grades Good Satisfactory Unsatisfact. Good Satisfactory Unsatisfact.
<5yrs 0 13 5 0 0 0
5-10yrs 5 5 0 0 0 6
210 yrs 0 9 9 13 0 25

As follows from Table 3, when the time interval between school and college physics exceeded 10 years, it had a significant
effect on the MT grades which rose to 50% unsatisfactory grades among EE and 65.8% for Bl students.
The number of biology students who got unsatisfactory grades having graduated from school 10 or more years before
college class, is significantly higher than that of the EE students.
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The number of unsatisfactory grades for students who had an interval from 5 to 10 years is different and almost the same
among groups of biologists and EE — 6% and 5% accordingly.

For students who graduated from school less than 5 years ago, the outcomes look much better: 13% EE students received
satisfactory grades, and only 5% - unsatisfactory grades. Due to small number of Bl students we cannot make definite conclusions,
but we anticipate that the shorter the interval between school and college, the better students’ knowledge and the higher the
grade for college course.

The majority of students — 20 out of 22 EE and 15 out of 16 Bl had taken prerequisite classes which were defined as
mandatory for Physics courses within the previous 10 years. Typically it is College Algebra and trigonometry. These prerequisites
are helpful for studying Physics.

Let’s consider temporal interval for the prerequisites. We chose four intervals:

1. Lessthan one year

2. Betweenl and 5 years

3. Between 5 and 10 years

4. More than 10 years.

Table 4.
Students’ achievements (grades) and time interval between prerequisite math course and physics course

Time Interval Electrical Engineers Biologists

Grades Good Satisfact. Unsatisfac. Good Satisfac. Unsatisfac.
1.Less than one year 54 33 13 45 33 22
2.Less than 5 yrs. 40 60 0 0 67 33
3.Between 5 and 10 yrs. 0 0 0 0 0 0

4. More than 10 yrs. 50 50 0 100 0 0

As follows from Table 4, the shorter time interval between prerequisite math course and physics course, the higher are
the grades for MT in physics, except for a few students who had taken prerequisite courses 10 or more years ago. As for the
biologists, the results obtained for the 4th time interval are, in our opinion, an exception. It confirms the previous observation
that the impact of prerequisite courses on students’ achievement is significant.

The Final’s results are higher than the Midterms ones: GPA for MT was 1.5, and for FT 2.32 (EE), and for Bl 1.03 and 2.17.
However, 14% of EE and 12.5% of Bl earned unsatisfactory grades in the Finals. In both classes almost a half of students had taken
Physics10 or more years ago, and the other half had never taken it.

Teaching college physics can be improved using advanced methodologies, techniques and technologies. One of the ways
to enhance quality of the learning is offered by application of the Instructional Iterative Model (ITT) developed by the author [10].
This model proved to be an effective instructional model helping improve student’s understanding and retention of the new
material by revisiting basic concepts and applications presented in the course a number of times in an increasingly more
sophisticated context. Accelerated Physics classes taught on the basis of this model demonstrated a marked increase in
productivity of learning and improvement of recall.

Conclusion

The results of this research demonstrated that,

e School preparation in Physics in the US schools is insufficient for further college study.

e This situation is exacerbated by an extended interval between school graduation and college admission.

e Previous preparation in math and physics positively affects students achievements in the college physics course,
however math preparation impacts students’ achievement in physics more than previously taken physics courses.

e Temporal interval between college physics course and students’ previous study, both at school and in prerequisite
courses, as expected, made a marked difference: the sooner students started college, the better their outcomes were.

Recommendations

1. To compensate for the evident gap in student preparation in physics, we suggest to introduce remediation courses
for those who need it before taking college physics courses.

2. Another option is tutoring in physics offered to students outside the class, both in face-to-face and online formats.

3. The mandatory policy about prerequisite mathematics courses must be maintained.

4. Students need to be made aware that the shorter the interval between school graduation and prerequisite math
courses and college physics course, the easier it is to learn physics and the better will be the outcomes.

5. Integrating advanced methodologies, techniques and technologies into college physics can help improve students’
understanding, retention and problem solving skills.

References

1. The Crisis in Physics Education (2011). Physics Teacher Education Coalition. Cornell University.
https://phystec.physics.cornell.edu/content/crisis-physics-education

2. Sheehy, K. (2012). High School Students Not Prepared for College, Career. U.S News and world Report.
https://www.usnews.com/education/blogs/high-school-notes/2012/08/22/high-school-students-not-prepared-for-college-
career

3. Adapting to a changing world: Challenges and Opportunities in Undergraduate Physics Education (2013). Report. National
Academy of Sciences.

11



PHYSICAL & MATHEMATICAL EDUCATION issue 3(17), 2018

4. Sadler, P., Tai, R. (2001). Success in Introductory College Physics: The Role of High School Preparation. Science Education,
February 2001, 111-136.

5. Meltzer, D. (2002). The relationship between mathematics preparation and conceptual learning gains in physics: A possible
“hidden variable” in diagnostic pretest score. Am. J. Phys. 70(12), December 2002. 1259-1268.
http://people.physics.tamu.edu/toback/TeachingArticle/Meltzer_AJP.pdf

6. Aina, J.K. (2013). Subject Area Specialization-Combination Correlation in Colleges of Education: Effect on Students’
Achievement in Physics. Open Journal of Education, Vol.1(3), 2013, pp. 113-116.

7. Kola, A. (2014). Subject Area Specialization-Combination Correlation in Colleges of Education: Effect on Students’

Achievement in Physics. Researchgate. https://www.researchgate.net/ publication/263656603 _
Subject_Area_SpecializationCombination_Correlation_in_Colleges_of Education_Effect_on_Students%27_Achievement_in
_Physics

8. Csikszentmihalyi, M (1982). Toward a psychology of optimal experiences. Review of Personality and Social Psychology, No. 3:
13-36.

9. Serdyukov, P. (2008). Accelerated learning: What is it? Journal of Research in Innovative Teaching, 1(1), 2008, 36-59.

10. Serdyukova, N. (2008). Accelerated General Physics: Real Challenges and Possible solutions. Journal of Research in Innovative
Teaching, 1(1), 2008, 95-112.

B3AEMO3B'A30K MIX YCNILWHOCTIO CTYAEHTIB B KYPCI 3ATA/IbHOT ®13UKWN | X IOKYPCOBOIO NIATOTOBKOIO
Cepatokosa H.B.
HauioHaneHul yHisepcumem, CaH fiezo, CLLA

AHomayia. B 0aHili cmammi 00cnionyemsca 830EMO038'930K MiMC ycriWHiCM0o cmyodeHmie 8 Kypci 3a2asabHoi ghi3uku
aMepUKaHCbKo20 yHisepcumemy ma ix nonepedHim doceidom, a came, 00C8i00M 8UBYEHHA (i3UKU 8 WKoi (8 cepedHil wkoni
CLUA ¢hizuka Haliyacmiwe 8UB4YAEMbCA 8 PAMKAX 3020bH020 Kypcy «Di3uyHa HAyKa»); YacosuM iHMepPa8asnom Mixc nornepeoHim
BUBYEHHAM (Di3UKU 8 WKOAI Yu 8y3i i OAHUMU KYpCOM, G MAKOM( MPOXOOHEHHAM MAK 380HUX 0608'A3KOBUX nornepeoHix
(prerequisite) Kypcie, HeobxiOHUX 014 3anucy Ha Kypc Qi3uKU - K Npasuso, Ue KinbKa Kypcie mamemamuku.

JocnioncerHa npoeodunoca 8 HayioHanbHomy yHigepcumemi (micmo CaH [fie2o, Kanigopnis, CLUA). Ocobausicme
CMpYyKmMypu Ha84YaHHA 8 UbOMY YyHigepcumemi— ye npuckopeHuli 00HomicaYHuUli popmam Kypcis, Koau 3a 00UH Micayb cmydeHm
rnosuHeH oceoimu cemecmposuli 06¢cse mamepiany, ujo 00CA2AEMbCA KOHUEHMPAUieto Ha84anbHUX 200UH CEMeCmpPoBo20 Kypcy
pomaA20M Yomupbox muxHis. lpu ybomy cmydeHm moxce 06pamu minbKu 0OUH KypcC Ha Micayb. Takuli popmam 3py4Huli nepw
3a 8ce 019 00pOoCAUX MPAYIOYUX CMyOeHmie.

CKNaoHicmb 8UKAAOAHHA (Pi3UKU 8 MAKUX Kypcax r1os'a3aHa 3 ocume HepisHOMIPHOK Mi020mosKo cmyodeHmis, Wo
MOACHIEMbCA PIBHUMU MPOMIXKAMU 4YaCy MIiXC HUHIWHIM Kypcom | nonepedHim sus4yeHHAM (hi3uKu, wo rnpu3sodums 00
3a6y8aHHA mamepiany, OesKOK MnepeouiHKow cmyOeHmamu C80€i nidcomosaeHocmi 00 Kypcy, i HesidnosioHicmioo Akocmi
nidzomosKu 8 0608'A3K08UX NoNepeodHiX Kypcax 8UMO2AM Kypcy ¢i3uKu.

lMpedcmasneHi 8 cmammi OaHi 6yau ompumMaHi WASXoOM AHKemMy8aHHA cmydeHmis i aHani3y pe3ynbmamie 080x mecmis
(npomincHo20 ma ¢hiHaAbHOR20), AKI cMydeHmMuU BUKOHY8AIU 8 PAMKAX KypCy i3uku. [1aa NopieHAHHA MU Mposesu 00CAIOHEeHHA
8 epynax cmyoeHmis 080x crneyianbHocmel: iHiceHepis-enekmpukie i 6ionozie. Pe3ynemamu 00CniOHeHHA MoKaA3aau, wo
cmydeHmu, AKi He 8U84YanuU Gi3uKy 8 WKoi, He3a008inbHI OUIHKU HO mecmax ompumytoms 8 1,5-2 paszu yacmiwe, Hix mi, xmo
susyas @izuky. Ha OUiHKaX MAKOXC MO3HAYAEMbLCA iIHMepP8an MiHC 3aKIHYeHHAM WKOAU | MOYAMKOM BUBYEHHA (hi3UKU 8
yHigepcumemi; ocobauso nokaszosuli 8 ybomy naaHi iHmepsan 8id 10 pokis i binewe.

Ha nidcmasi ompumaHux 0aHux 6ynu 3pobseHi 8UCHOBKU i po3pobaeHi NpakmuyHi pekomeHoayii a4 suknadayis.

Kntoyoei cnoea: hiauka, 8UKAAOAHHSA, ycniwHicme, mecm, ouiHKa, Yacosuli iHmepeas, nNid2omoska.
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