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Abstract

Early preliminary results of use of a particular € Mathematica) in the introductory physics coursethe University of Houston - Downtown (UHD)
are reported. The courses addressed are algeidairigonometry-based lecture and laboratory cajreéth the greatest emphasis on the laboratory
courses. The program was first implemented in dgnaf 2009, at the beginning of the Spring Semmestée initial goals of the program are four-fold:
(1) to emphasize to students the utility of symlolthe solution of physics problems, (2) to avoadculation errors in numerically evaluating exgiess
that students find complex or tedious, (3) to pdevstudents some familiarity with CAS software, g4ylto display the ability of CAS software to
generate correct and understandable symbolic spkitio physics problems. The use by studentseoC#S is optional. They are provided no formal
training in use of the software, but rather “on-fbie” training by instructors through guiding exales of software use supplied in the laboratory nadnu
and in posted problem solutions in selected leatotase sections.

Introduction

The University of Houston - Downtown (UHD) is a mogdolitan open-admissions commuter university vatistudent census of about 11,500. The
physics teaching program is housed in the DepaitmieNatural Sciences, which does not offer a bexlsedegree in physics. The program's primary
academic purpose is the service offering of algebral trigonometry-based introductory physics itwa-semester series of lecture and laboratory
courses. Currently, these service courses regigteroximately 180 students each semester, stusdrdsare primarily pursuing degrees in biology,
engineering technology, chemistry and other pradess or technology majors. The program curreoffers no calculus-based introductory courses, and
none of the traditional upper-level undergraduat@rses in mechanics, electrodynamics, thermodyrmiathematical methods or quantum mechanics.

As a member institution of the University of HoustBystem (UHS), the university has access to disérse for a powerful example of CAS software,
the Mathematica program offered by Wolfram Resedrah The terms of the site license allow free o the software on personal computers by both
faculty and students of UHD (and other institutiamshe UHS).

The author is a long-time user of Mathematica, laasllong been interested in the potential valusuoh software as an educational tool in undergtadua
mathematics, physics, engineering and other séiefiglds. Limited experiments in application GAS software to undergraduate teaching are ongoing
in a number of research institutions, where siterises for such software are common.

Upon arriving at UHD in late summer, 2008, the antbecame aware of the institutional site licermeMathematica, and opened discussions with the

department chair and other physics instructorshentopic of making use of this software in teachiing physics courses and laboratories. Consensus
was reached that the mechanics (Physics |) labgraturse would be revamped for initial use withtManmatica in the Spring 2009 semester. The

software was installed on computers at each ofables in the room used for this laboratory, anthinmajor computer laboratory used by the students
on campus (about 180 computers) during Decembes 208 January 2009.

The laboratory manual was re-written to accommodateof Mathematica, and in addition to accommodtter changes being made in the laboratory
course. The other changes involved a consistephasis on determinations of experimental unceitgnand in a reduction of scope (fewer experi-
ments) with greater depth of analysis of the smallenber of experiments. The modified Physicdblatory was implemented in January 2009.
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Educational Goals

The educational goals for instituting use of theSCgoftware are aligned with the general educatignals for the physics courses, both in their lectu
and laboratory versions. These are specificallynerated below.

* Emphasis on Symbolic Solutions to Problems

Conveying the importance of mathematical symbolsssential tools in analysis is a major aspeceathing throughout the undergraduate science and
mathematics curriculum. This requires a large stment of teaching effort because students typgidabin undergraduate study with a trained impulse
to immediately convert any problem to arithmetiod do avoid any higher mathematics as much asfgessithus students must first unlearn a bad habit
before they can make progress with new and moreadeéimg material. This difficulty is especially aeuor the mathematically naive students who
typically enter our course.

* Avoiding Calculation Errors in Evaluating Complex Expressions

Time and effort that students spend strugglingotwectly calculate numerical results is time loshi understanding physics concepts and solutions.

* Gaining Familiarity with CAS Software

Most of our students that are awarded degreesxjaecein their work careers to become competerihénuse of technical computing software of some
sort. CAS software is the epitome of softwarehi$ type, even including financial and work-flowftecare. We presume that any familiarity gainefd
Mathematica will pay dividends to the studentshieitt post-graduation work.

* Gaining Understanding of CAS Generation of Symbolic Solutions to Problems

This is closely related to the first two goals. dealing with real-world problems, even symbolidusons can be difficult and tedious to perform,
although such problems are avoided in introductoryrses. An understanding of the capabilities A8Goftware in dealing with such problems can pay
significant dividends in technical career work.

Methods

Physical Changes

There were basically no changes made in the toditilaboratory experiments, aside from reducirgy thumber, deepening the analysis, and making the
software available on student computers in therktboy room. A projector and screen were addgtigdoom.

The number of experiments was reduced from teixi@ad two weeks (two laboratory class meetingsjevallotted to each experiment.

Written Materials

All of the written materials needed by the studerts placed on the Blackboard Vista (course managesoftware) web site for the course. The basic
texts are briefly described in the following list.

¢ Lab Manual

There is a lab manual file for each of the sixg@)eriments performed, posted on the class welinsiteo forms: as a Mathematica file (which is adly
used during laboratory class meetings), and asdobé Acrobat file (which students can download eeadl on any computer with the Acrobat Reader
software installed).

¢ Lab Report Template

This file provides detailed instructions regardimgterial to be included in the lab report, andHermore provides a standard template for student
production of their own lab reports. The templat@rovided in three file formats: Microsoft OfidNVord 2007, Mathematica, and Adobe Acrobat. In
the author's sections, students may electronisalynit reports in either of the first two formafBhe other two laboratory instructors require stgsiain

of printed reports.

¢ Experimental Uncertainties Appendix
This file, posted in the file formats of Mathematiand Adobe Acrobat, provides instruction on theammay, use and determination of experimental

uncertainties. This file describes statistical atider methods appropriate for determination ofestainties in directly measured data and in quiastit
calculated from data. The statistical methodssamplified for direct applications like those enotered in the laboratory course.



Seminar Mar 9 2009.nb |3

¢ Laboratory Discussion by the Instructor

This aspect follows traditional methods, usingheteboard, projector and computers in the laboyatoom. The instructor provides a brief descdpti
of how data of the experiment are entered, andthevsoftware can be used in aid of calculationgémh experiment.

Results

* Emphasis on Symbolic Solutions to Problems

Upon first approach to the software, students exjpg¢o be a "super calculator”". Indeed, it isugper calculator, but students quickly and diretirn
that the software's very fast and effortless a@r®nt of numerical wonders depends in a very dirggt on the correct assignment of the numerical
values of the application to symbols that are sgibeetly used in expressions to be numerically etelli The students are shown in a very explicit
manner that the road to numerical wizardry is pavigd intermediate symbolic assignments.

We are seeking ways to measure the effectiveneslseooftware in conveying this concept to studendsecdotal evidence is quite positive; this
evidence arises from observation of students amaytheir laboratory data, and discussing with thiéy@ process and the results they obtain. As a
learning experience, it would appear to be conatdlgrmore effective than is, say, students' attentbservation of an instructor working through an
example or problem in the classroom.

A more direct expression of the power of CAS sofewlées in purely symbolic calculations. We india the lab manual examples of using the software
to solve problems using only concepts expressedslyeally, such as kinematic equations and Newtse'sond law applications. These examples
appear to be less effective than those in whichbsysnare assigned numerical values. The relatiseigller effect may be due to deficiencies in the
choice or presentation of the examples, or it mmply reflect student unfamiliarity with connectilge symbolic solutions with the original problem,
and with the idea that contemplating the meanintpefsolutions is valuable.

* Avoiding Calculation Errors in Evaluating Complex Expressions

The most common spontaneous expressions of appoecky students of the CAS software occur in mfiee to this capability. Numerical evaluatiai
expressions complex enough that our students usamgl-held calculators find them time-consumingjces, and prone to error are accomplished
instantly by software, once the pertinent symbalgehbeen assigned numerical values.

A striking example of this occurs in the projectif®tion experiment. At the end of this experineatalysis, the students must calculate the rahge o
projectile launched from a measured height at asored oblique angle and measured release velo€itye calculation must include the uncertainty in
the range. Using the software, students were tabdgiickly and easily obtain the numerical restiigreby seeing without agony thssential point: the
mathematics produced a result in excellent agreemigh their independent measurement of this ranljeprevious years of teaching this experiment,
much less than ten percent of my students, usitguletors, and including students in calculus-basedrses, were able to correctly complete this
calculation. And without a successful calculatdrthis result, the punch line of the experimergrsatly blunted.

To make this example more specific, the solutiartlie range in this case is

W2 Sin20] 2ghe |12
re= WSO (1 + ) 1
f 29 ( ViA(Sing)? @)

wherey; is the release velocity,the release angle ahdthe release height. And the experimentally detggthcalculation of the range, using in this case
a "brute force" method for the uncertainty, is then

re=rg +Ar= (V'”ZS;% (1 + (1 + (;s[::;z )1/2)) + (Max[(l’fmax— I’fb), (I’fb - I’fmin)]) 2

where the experimentally determined quantities Hagdorms

he = hep = Ahg (3
Vi = Vip £ AV,
0=0,+ A0

Translating these into Mathematica code as usetegtudents results in
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vi b2 Sin[2eb] 2g heb 172
rpo i SLNE2ODT 1+[1+ ] -

29 vi b2 (Sin[eb])?
(Vi b+av)?2 Sin[2(eb+ae)] [ 2g (heb+ah) 172
rf max= 1+ [1+ ] :
29 (Vi b-av)2(Si n[ (6b-26)1)?2
(vi b-av)? Sin[2(eb-46)] [ 2g (heb-ah) 172
rfmn= 1+ [1+ ] ;
29 (Vi b+av)2(Si n[ (6b+ag)1)?2

{rfb, Max[(rfmax-rfb), (rfb-rfmn)]}

* Gaining Familiarity with CAS Software

The value of this is emphasized in discussiondhbyirtstructor. However, we rely on the student/a @itiative to gain this familiarity. We do ngtade

or evaluate in any way the proficiency gained by student in use of the software. Student uskeobbftware is entirely optional. Anecdotally, fived

that a small fraction of the students become algtiveerested in learning how to use the softwaegdmd the guided use during the laboratory class
periods.

* Gaining Understanding of CAS Generation of Symbolic Solutions to Problems

Again, this is not evaluated, since student ust@fsoftware is entirely optional. However, we @ezarly not gaining much traction in this regarthe
examples used in the lab manual and posted oretheré web site, are largely not understood bystbdents, and not studied. The author hypotheses
that this cannot improve without some structurardes in the lecture course, such as grading horkeagsignments, or permitting use of the software
during tests.

Nonetheless, students are exposed to this capatfilihe software in the laboratory manual andmlyidiscussion of the analysis of the experimerdasd.d

For specificity, we can return to the example prasly used, the solution for the range of a prdgeat free fall, repeated below in its most gehévam.

w2 Sin20] 2ghe \12
re =SSm0 (g (1 + ) 4
f 29 ( V2(Sine)2 “)

This solution arises from the kinematic displacengguation for constant acceleration
F=Ti+Vit+ar )
which, when applied to the experiment becomes
{rs, 0} = {0, he} + Vi t{Cod4], Singl} + 5 12{0,~g} (6)

The code provided students for the solution is

{r,g,vi,tf,h,ey=;

Sol ve[r {1,0}=h{0, 1}+vi tf {Cos[e], Sin[e] }+§g t£2¢0, -1}, 1, tf ]

Tri gReduce [%]

Execution of the cell above produces first a solutprovided by the Solve command, and next a stegpnaplification provided by the TrigReduce
command. A final step of simplification to therfes of (4) or (1) is left to the student.

* Changes Noted in Student Lab Reports

The criteria for the lab reports changed signiftbafrom those of previous semesters, due to otiemnges aside from use of MathematicBhese
included an increased emphasis on experimentaltairties and grading of both first draft and finatsions of the reports. Here we attempt to lionit
discussion to changes apparently due to studertdfubke software.

First, the number of errors in calculation has begtuced. This effect alone is positive, in tie tonclusions reached by students rest on a fipass.
This in turn appears to have lead some studersisde a gain in appreciation of the validity of thathematical models.

Our consistent attention to experimental unceri@snposes additional difficulties to students inhbooncept and calculation. The use of the CAS
software largely obviates the calculation difficest, so that students generally attain good resoiitshe values of uncertainty in experimentallytette
mined quantities. (They still display conceptuaunderstandings of the meaning of the uncertaintie

Most of the students are using the graphics ofahenanual in their reports, and some of theseemperimenting with modifying the graphics, though
not always using Mathematica to perform the modtfans.
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About 10% of the students in the author's sectavassubmitting reports as Mathematica files, inoithey can directly take advantage of the computin
power of the software.

* Initial Student Survey Responses

Students in the 2 lecture sections and the 3 latrgraections taught by the author were surveyedrbgil. The students had 3 week days and a weekend
in which to respond, and were offered extra crgdiiding for a complete response. There were 2Yoreses, approximately 33% of the students. The
results are presented in Tables 1 and 2 belowe therbrand name of the particular software usédHid has been replaced with the generic term "CAS
software".

Table 1: Student responses to questions regatid@iguse of the CAS software. The number of regpats was 27.

Question 'Yes' Responsgh)
1. Do you use CAS software in the laboratory class meetings8.89
2. Do you use CAS software in the computer lab in room S8Q7778
3. Have you downloaded CAS software to your own computer2.22
4. Do you use CAS software on your own computer? 18.52
5. Have you used any of the CAS software tutorials? 22.22

Table 2: Student responses to questions regati@igpreferences for the CAS software. The nunabeespondents was 27.

Question Score(1 to 5
6. | find CAS software to be helpful in my preparation of lapoets. 4.19
7. I find CAS software to be helpful in my work on homework piers. 2.63
8. 1 find CAS software to be helpful in my understanding of thathematics involved in physics. 3.3
9. I find access to CAS software to be helpful in the labosataurse. 4.19
10. I find access to CAS software to be helpful in the lectlass 2.59
11. | prefer using CAS software to using a calculator for nticaé calculations. 3.33
12. | prefer using CAS software to using Excel for numericdtalations. 3.56
13. | use CAS software not just for numerical calculationg,diso to do algebra, plot graphs, or make graphics. 2.59
14. The tutorials that come with CAS software are helpful ®mimlearning to use the software. 2.58
15. I would like to have access to instruction on how 381

to use CAS software outside the specific uses in the physatsre or lab classes.

A large majority of the respondents use the softwmarthe laboratory class, where typically dataearered and some results calculated, and almost as
many continue this use in the student computer Bilit only about 1 in 5 respondents use the soéwartheir own computers, where they might engage
in greater exploration of its features.

They strongly agree that the software is helpfubtieparation of their lab reports, but generally mot using the software in their lecture classes,do
they use it for calculations outside those needethk laboratory course work.

Conclusions

Conclusions at this point are assuredly prematasgéhe program is only six weeks old. Our goadsliiely to change as our experience increasesaand
we collect more data on the effectiveness of tlogiam. The author can only speak for himself irgathat the experience has been uniformly pasitiv

Mathematica Work



