
TEACHING DOSSIER
Cashous Bortner

Below, you will find various evaluations I have received and sample teaching ma-
terials I have used as a graduate student at North Carolina State University (NCSU),
and as an undergraduate at the University of Nebraska-Lincoln (UNL).

TEACHING EVALUATIONS

North Carolina State University (Graduate Teaching Assistant).
First, pages 2-4 consist of an evaluation done by Professor Jo-Ann Cohen of NCSU

as my mentor in the Preparing the Professoriate program. She observed over ten of my
(virtual, synchronous) Foundations of Advanced Mathematics (NCSU MA 225) classes in
which I was the instructor of record in the Spring of 2021, and answered the questions
according to her observations. This upper-division course is the first proofs-based
courses that NCSU mathematics and mathematics education students take.

In pages 5-7, NCSU Senior Lecturer Elizabeth Dempster evaluates one of my Cal-
culus for Life and Management Sciences A (NCSU MA 131) classes in which I was the
instructor of record in the Summer of 2019. At the time, she was my teaching mentor
for this course.

Page 8 consists of the course evaluation statistics of every course that I have taught
in the Mathematics Department in some capacity at NCSU. This chart shows my eval-
uation in green and the departmental averages for that term directly to the right in
light blue. Pages 9-11 are selected comments from student course evaluations for the
three of the courses in which I was an instructor of record in the Mathematics Depart-
ment, followed by the courses for which I was a recitation instructor.

University of Nebraska-Lincoln (Undergraduate Teaching Assistant).
Pages 12-13 are student course evaluations for my Calculus II (UNL MATH107)

recitation in the Fall of 2016.
Pages 14-15 are student course evaluations for my Calculus I (UNL MATH106)

recitation in the Spring of 2016.
Pages 16-17 are student course evaluations for my Calculus I (UNL MATH106)

recitation in the Fall of 2015.

SAMPLE TEACHING MATERIALS

Pages 18-23 consist of my syllabus for an Foundations of Advanced Mathematics
(NCSU MA 225) course at NCSU in which I was instructor of record during the Spring
of 2021.

Pages 24-26 consist of the third exam that I wrote for the Foundations of Advanced
Mathematics (NCSU MA 225) course at NCSU in which I was instructor of record dur-
ing the Spring of 2021.
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The Graduate School 
 

 
Certificate of Accomplishment in Teaching Program 

Classroom Observation Form – Option 1 
 

 
CoAT Participant’s Name:  Cashous (Cash) Bortner   

Course observed:  MA 225 (Foundations of Advanced Mathematics)   

Date of observation:   I have observed Cash more than 10 times.  Below is a summary of those 

observations.  

Time of class: MWF 11:45am-12:35pm   

Observed by: Jo-Ann Cohen     

 

 

Teaching characteristics – Comments 

1. Planning and start of session 
Appropriateness of aims and outcomes (where it is possible to evaluate this).  
Communication of these to students. Continuity with other sessions and students’ prior 
knowledge made explicit.  Coping with any unexpected occurrences, e.g. latecomers, 
missing equipment. 

 

MA 225 has many learning outcomes, the most important of which are: (i) the ability to write clear, 

correct, and convincing proofs appropriate for the audience, (ii) the ability to analyze and critique 

mathematical arguments, and (iii) the ability to make conjectures and to determine the validity of 

those conjectures.  Cash weaves 1-3 of those goals into each session of the class.   

 

He provides the mathematical foundation necessary to understand the material in each class and 

links that foundation to previous sessions of MA 225 as well as to previous courses the students 

have taken. 

 

 

 

2. Presentation 
Structure.  Relevance and organization of content.  Attitude to subject matter.  Clarity of 
presentation.  Emphasis of key points.  Pace of session (time management).  Tone, volume, 
clarity of speech.  Links made to other aspects of course (e.g. lectures, seminars or 
tutorials).  Summary (end and/or interim).   

 

Cash is well organized.  He provides pdfs to the students on the course Moodle site before each 

class and annotates the pdfs in class using Goodnotes.   

 

Cash explains things really well and uses the technology effectively. The pace of the course is 
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appropriate. He clearly displays, and conveys, his enthusiasm for mathematics in every session with 

the students.  

 

 

 

3. Student participation 
Question and answer technique.  Exercises/activities.  Class management (appropriate level 
of control and authority).  Instructions to students.  General class atmosphere.  Level of 
participation between students (excessive? lacking?).  Attention and interest.  Attitude to 
students.  Awareness of individual needs.  Student-teacher rapport. 
 

 

Cash engages the students through the use of breakout rooms and in-class discussions.  His class is 

very welcoming and inclusive. I like the fact that he often tells the students how he struggled with 

some of the concepts. It makes him more relatable. Moreover, his delivery is appropriate for both 

visual and verbal learners.   

 

I interviewed the students after one of my observations and the students were extremely positive 

about how Cash’s style has enhanced their learning of the material. 

 

 

 

 

4. Methods and approaches 
Choice/variety of teaching/learning methods.  Use and design of instructional materials 
(board, technology, handouts etc.)  Use of appropriate reinforcement.  Examples and 
analogies.  References and links to research, other resources.  Handling 
problems/disruptions. 

 

 

As I said, Cash’s methods are appropriate for both visual and verbal learners.  He uses the Zoom 

technology and Moodle resources well.   

 

One thing that I particularly like is his use of study guides.  Before each test he has the students 

upload a study guide that they have developed and that they may use on the test.  It’s an assignment 

that I plan on using in my MA 225 class in Fall 2021. 

 

Cash’s presentations and teaching methods are characteristic of a much more experienced MA 225 

instructor! 

 

 

5. General 
Were the aims and outcomes achieved?  Appropriateness of teaching/learning methods.  
Was effective communication achieved?  Awareness of needs of learners and differences in 
approach.   
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We originally developed 225 to serve as a bridge between the calculus sequence and the upper level 

required courses for our mathematics majors. Cash does a great job of preparing students for our 

upper level theoretical courses.   

 

I would like to add a few more general comments. 

 

Cash is very aware that these are difficult times for students and I like the fact that he has made it 

clear to his students that he is here for them in case they want to discuss mathematical issues or 

other issues affecting them. I know that some students have, in fact, taken him up on his offer to be 

a resource for them. 

 

For so many reasons, Cash will be a great faculty member at his next institution. We're lucky to 

have him here as a graduate student working with our undergraduate students at this point in his 

academic career! 

 

 

 

6. Aspects to improve 
Comment in terms of both teaching style and content (if possible).   

 
My only suggestions are as follows:  

 

(i) I would think about pushing the students to turn on their videos in Zoom so that they are 

more accountable. I think that keeps them engaged in a different way, but also I know 

that different instructors do not feel comfortable doing that.  

 

(ii) Cash has indicated that his handwriting can be messy (as can mine!).  So I would 

suggest reviewing the pdfs before posting them after class to make some of the notes 

more legible/less messy. 

 

 

 
  

Signed by observer:___  

 
Date: April 16, 2021 

 
 
 

 

 



 

  
Thanks for filling out Teaching Assistant Evaluation Form  
Here's what we got from you:  

EDIT RESPONSE 

 

Teaching Assistant Evaluation Form 
Your email address (ejdempst@ncsu.edu) was recorded when you submitted this 

form. 

 

Name of TA 

Cashous Bortner 

 

Semester of evaluation 

Summer II 

 

Class the TA taught/helped with 

Math 131 

 

Role of TA 

  Instructor 

  Recitation Leader 

  Lecture Assistant 

  Grader 

 

TA Instructor Evaluation Form 

 

Date of observation 

Tuesday, July 16 

 

Approximate size of class 

7 

 

https://docs.google.com/forms/d/e/1FAIpQLSdQ_I59dAJtWeLfBYrjzueWetoTFWFvYYncKZGVQa16xJDsvQ/viewform?usp=mail_form_link
https://docs.google.com/forms/d/e/1FAIpQLSdQ_I59dAJtWeLfBYrjzueWetoTFWFvYYncKZGVQa16xJDsvQ/viewform?edit2=2_ABaOnufb0NCeCIg2Vb7gDd9oV-ySaf_-TWprtwiSSfznN8yr2ax_7J32cPleDzUBXZ1B1sY
mailto:ejdempst@ncsu.edu


The instructor 

 
Extremely 

well 
Very well Adequately Inadequately 

Very 

Poorly 

Did not 

observe 

Was 

prepared for 

class 

      

Presented 

the material 

effectively 

      

Was 

enthusiastic 

about the 

material 

      

Spoke 

clearly and 

audibly 

      

Made 

effective use 

of the board 

or other 

visual 

display 

      

Encouraged 

student 

involvement 

      

Treated 

students 

respectfully 

      

 

Please comment on the instructors strengths or weaknesses. 

Cash did an awesome job teaching the summer session class. It was a long class but 

he paced his lecture perfectly well, giving them time to work and think and ask 

questions as he presented the materials. He wrote on the board and faced the students 

lots, encouraging them to ask questions and be involved (which they were!) His speech 

was clear and at a good pace. The students seem very comfortable with him and he 

engaged with them in a professional, respectful way. The lecture was also very well 

thought out. He outlined what he was going to do and reminded the students of review 

materials while he worked current problems. He picked good problems in a very good 

way; progressively going from easiest to hardest while encouraging them to try before 

giving up. I liked how he encouraged them to just "doodle", think about what you know, 

keep writing down what you do know when he gave them the hardest application 

problem to try. Cash seems to be a naturally good lecturer. I think the students really 

liked his style of teaching and enjoyed having someone willing to break down difficult 



problems and help them to succeed. I think he is a superior teaching assistant for the 

Math department.  

 

Would you recommend the instructor to teach this class again? 

Yes! 

 

   
Create your own Google Form 

 

https://docs.google.com/forms?usp=mail_form_link
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CRmmenWV Rn Whe SWUengWhV and WeakneVVeV Rf
Whe InVWUXcWRU:

6XPPHU 2021-0A131 CDOFXOXV IRU /LIH DQG 0DQDJHPHQW
6FLHQFHV ,QVWUXFWRU RI 5HFRUG

Ɣ 0U. BRUWQHU ZDV H[WUHPHO\ UHFHSWLYH WR TXHVWLRQV, XQGHUVWRRG WKDW FDOFXOXV LV D
KDUG VXEMHFW DQG WRRN WKH WLPH WR HQVXUH ZH IHOW FRPIRUWDEOH ZLWK WKH PDWHULDO.
7HVWV DOVR FRYHUHG H[DFWO\ ZKDW KH FRPPXQLFDWHG LW ZRXOG DQG ZHUH DGHTXDWH
PHDVXUHPHQWV RI RXU XQGHUVWDQGLQJ.

Ɣ CDVK ZDV DQ DZHVRPH SURIHVVRU! , KRQHVWO\ FDQ'W WKLQN RI DQ LVVXH WKDW , KDG ZLWK
WKLV FRXUVH WKDW ZDV LQ KLV FRQWURO.

Ɣ 2YHUDOO LW ZDV D JUHDW FRXUVH DQG KH ZDV D VXSHU KHOSIXO SURIHVVRU.
Ɣ CDVK ZDV DQ DPD]LQJ SURIHVVRU. , ZRXOG UHFRPPHQG KLV FODVV WR DQ\RQH.
Ɣ CDVK ZDV D JUHDW LQVWUXFWRU. HH ZDV SDVVLRQDWH DERXW KLV WHDFKLQJ DQG

HPSKDVL]HG KRZ KH ZDQWHG DOO RI KLV VWXGHQWV WR VXFFHHG LQ KLV FODVV. HH ZDV
DOZD\V RSHQ WR DQVZHULQJ DQ\ RI RXU TXHVWLRQV DQG HQFRXUDJHG XV WR UHDFK RXW
WR KLP.

6SULQJ 2021-0A225 FRXQGDWLRQ RI AGYDQFHG 0DWKHPDWLFV
,QVWUXFWRU RI 5HFRUG

Ɣ , OLNH KRZ CDVK LV YHU\ SDVVLRQDWH DERXW KHOSLQJ DOO VWXGHQWV OHDUQ DQG
XQGHUVWDQG WKH FRXUVH PDWHULDO. HH LV YHU\ SDWLHQW DQG GRHV D JUHDW MRE OLIWLQJ XS
WKH HQHUJ\ GXULQJ WKH TXLHW ]RRP VHVVLRQV.

Ɣ CDVK LV D UHDOO\ QLFH SHUVRQ DQG D JUHDW WHDFKHU, VHHPV WR JR WKURXJK WKH
PDWHULDO YHU\ ORJLFDOO\ DQG ZDQWV VWXGHQWV WR VXFFHHG. HH H[SODLQV VWXII ZHOO.

Ɣ :DV DPD]LQJO\ XQGHUVWDQGLQJ DQG ZDV DZDUH RI WKH IDFW WKDW ZH KDYH D OLIH RXW
RI FODVV. HDG VR PDQ\ RIILFH KRXUV DQG ZDV DOZD\V ZLOOLQJ WR ZRUN WKURXJK H:
ZLWK PH. , IHOW DV WKRXJK WKH WHVWV ZHUH IDLU DQG FRYHUHG ZKDW ZH OHDUQHG IDLUO\
ZHOO. 2YHUDOO RQH RI P\ IDYRULWH SURIHVVRUV ,'YH KDG VR IDU.

Ɣ HH ZDV DOZD\V WKHUH IRU PH DQG KHOSHG PH ZKHQ , ZDV FRQIXVHG.
Ɣ 7KH VWUHQJWK RI WKH LQVWUXFWRU ZDV WKDW KH ZDV YHU\ XQGHUVWDQGLQJ RI VWXGHQW'V

OLYHV, LQ DQG RXW RI FODVV, DQG KH NQHZ D ORW DERXW WKH VXEMHFW.
Ɣ CDVK ZDV H[WUHPHO\ SURILFLHQW DW UHVSRQGLQJ RQ WLPH DQG SURYLGLQJ KHOSIXO

LQIRUPDWLRQ RQ ERWK WKH WRSLFV WKDW ZHUH EHLQJ GLVFXVVHG DQG ZLWK DQ\ H[WUD KHOS
WKDW PD\ KDYH EHHQ QHHGHG. 7KH FODVV DOVR PRYHG DW D YHU\ VROLG SDFH DQG ZDV
HDV\ WR IROORZ DORQJ ZLWK ZKDW KH ZDV H[SODLQLQJ.



Ɣ 3URIHVVRU BRUWQHU LV JUHDW DERXW UHODWLQJ WR VWXGHQWV DQG UHPDLQLQJ DSSURDFKDEOH
WKURXJKRXW WKH HQWLUH VHPHVWHU. 7KLV FRXUVH LV YHU\ WKRURXJK DERXW QRWDWLRQ DQG
UHDVRQLQJ, DQG , IRXQG WKDW YHU\ KHOSIXO LQ DOO RI P\ RWKHU PDWK FRXUVHV. AQG ,
OHDUQHG WKLV FRXUVH EHWWHU ZLWK WKH DPRXQW RI SURRI H[DPSOHV LQ CDVK/-R-AQQ¶V
FXUULFXOXP. 7R PH, LW ZDV HDV\ WR DVN TXHVWLRQV DQG DGPLW WR QRW NQRZLQJ
HYHU\WKLQJ EHFDXVH CDVK FUHDWHG VXFK D ZHOFRPLQJ HQYLURQPHQW. , UHDOO\ OLNHG
WKDW KH ZDV IOH[LEOH ZLWK GXH GDWHV, HVSHFLDOO\ LI KH ZDV EHKLQG RQ JUDGLQJ
KLPVHOI. 7KLV PDGH PH IHHO OLNH KH ZDV PRUH IRFXVHG RQ RXU ZHOO-EHLQJ DQG RXU
FRPSUHKHQVLRQ RI WKH PDWHULDO, UDWKHU WKDQ JUDGHV RU GDWHV WKDW ZHUH VHW HDUO\ LQ
WKH VHPHVWHU.

6XPPHU 2019-0A131 CDOFXOXV IRU /LIH DQG 0DQDJHPHQW
6FLHQFHV ,QVWUXFWRU RI 5HFRUG

Ɣ :DV D YHU\ JRRG WHDFKHU. E[SODLQHG HYHU\ TXHVWLRQ , KDG.
Ɣ HH WDNHV WKH WLPH WR H[SODLQ HYHU\WKLQJ ZHOO DQG LV YHU\ DFFHVVLEOH WR VWXGHQWV LQ

QHHG RI DVVLVWDQFH.
Ɣ AV D VWXGHQW ZKR KDV DOZD\V QRW EHHQ D KXJH IDQ RI PDWK DQG ZDV WHUULILHG HYHQ

WKLQNLQJ RI WDNLQJ CDOFXOXV 1, ,¶YH UHDOO\ OLNHG WKLV FRXUVH. CDVK ZDV D JUHDW
WHDFKHU, KH ZDV IOH[LEOH ZLWK KLV RIILFH KRXUV DQG ZDV SDWLHQW ZKHQ H[SODLQLQJ WKH
FRQFHSWV VRPHWLPHV UHSHWLWLYHO\ LI , GLGQ¶W XQGHUVWDQG LW DOO WKH ILUVW WLPH. HH DOVR
ZDV YHU\ GHGLFDWHG LQ FUHDWLQJ D UHYLHZ IRU RXU FODVV IRU HDFK H[DP. 7KH UHYLHZV
KDG DQ RXWOLQH RI DOO WKH LQIR WKDW ZH KDG OHDUQHG DQG DQ H[WHQVLYH VWHS E\ VWHS
VROXWLRQ SDJH WKDW VKRZHG KRZ WR VROYH D SUREOHP ZKLFK ZDV VXSHU KHOSIXO ZKHQ
VWXG\LQJ.

6HOHFWHG 5HFLWDWLRQ ,QVWUXFWRU CRPPHQWV
Ɣ CDVK LV DPD]LQJ DW KLV MRE. HH DOZD\V UHVSRQGV TXLFNO\ WR HPDLOV DQG WULHV WR

KHOS LQ DQ\ ZD\ SRVVLEOH. HH LV UHDOO\ JRRG DW H[SODLQLQJ PDWHULDO ZHOO DQG KRZ WR
GR SUREOHPV PXOWLSOH ZD\V.

Ɣ CDVK ZDV WKH PDLQ UHDVRQ , SDVVHG WKLV FRXUVH. , RIWHQ ZLVK KH ZDV WKH
SURIHVVRU IRU WKLV FODVV DV KH ZDV JUHDW DW H[SODLQLQJ WKH LQIRUPDWLRQ, SURYLGHG
KHOSIXO ZD\V WR UHPHPEHU LQIRUPDWLRQ, DQG KDG H[WUD RIILFH KRXUV ZKHQHYHU KH
FRXOG. HH DOZD\V KDG D JUHDW DWWLWXGH DQG ZDV YHU\ HQWKXVLDVWLF ZKHQ KHOSLQJ
VWXGHQWV.

Ɣ HH ZDV DEVROXWHO\ IDQWDVWLF! HDQGV GRZQ WKH EHVW PDWK WHDFKHU , KDYH HYHU KDG
DW 6WDWH. , KRQHVWO\ OHDUQ PRUH IURP KLP RQH GD\ D ZHHN WKHQ , GLG DOO ZHHN LQ
FODVV. HH PDGH KLPVHOI VXSHU DYDLODEOH IRU RIILFH KRXUV DQG YLD HPDLO IRU KHOS.



7KLV ZDV LQYDOXDEOH DQG KLV WHDFKLQJ LV WKH UHDVRQ ZK\ I KDYH VXFHHGHG LQ WKLV
FODVV!

Ɣ HH GLG DQ DPD]LQJ MRE DQG LQ P\ RSLQLRQ, ZRXOG KDYH EHHQ D EHWWHU FKRLFH WR
WHDFK WKH FODVV. HH ZDV FOHDU DQG FRQFLVH ZKHQ H[SODLQLQJ PDWHULDO DQG DOZD\V
FDPH WR FODVV ZLWK D JUHDW DWWLWXGH. HH LV ZLOOLQJ WR KHOS LQ DQ\ ZD\ KH FDQ DQG LV
FRPPLWWHG WR WKH OHDUQLQJ RI KLV VWXGHQWV. HH ZDV DOZD\V KDSS\ WR JLYH H[WUD
KHOS GXULQJ RIILFH KRXUV DQG HQFRXUDJHG VWXGHQWV WR HPDLO KLP ZLWK TXHVWLRQV.
HH LV DOVR YHU\ SDWLHQW, ZKLFK I DSSUHFLDWHG EHFDXVH LW WDNHV PH D ZKLOH WR IXOO\
JUDVS VRPH PDWK FRQFHSWV. 2YHUDOO, KH'V D VXSHUE LQVWUXFWRU DQG NC 6WDWH LV
OXFN\ WR KDYH KLP!

Ɣ 7KH EHVW PDWK WHDFKHU I'YH KDG VR IDU! I'P KRUULEOH DW PDWK, EXW CDVK PDGH LW
HDVLHU WR XQGHUVWDQG IRU VXUH. HH H[SODLQHG WRSLFV YHU\ ZHOO DQG I ZLVK I FRXOG
KDYH KDG UHFLWDWLRQ PRUH RIWHQ EHFDXVH WKDW LV ZKHUH I OHDUQHG WKH PRVW. I DOVR
OLNH WKDW KH ZDQWV \RX WR XQGHUVWDQG WKH FRQFHSWV, DQG QRW MXVW PHPRUL]H WKHP. I
FDQ'W WKLQN RI DQ\ ZHDNQHVVHV!! 5OO\ D 10/10 FDOF WHDFKHU. AOVR KH KDG VR PDQ\
RIILFH KRXUV!! HH UHDOO\ ZDQWHG XV WR VXFFHHG DQG \RX FRXOG WHOO.

Ɣ CDVKRXV BRUWQHU ZDV H[FHOOHQW DW SURYLGLQJ GHWDLOHG H[SODQDWLRQV IRU GLIILFXOW
PDWHULDO, DQG DOZD\V HQFRXUDJHG VWXGHQWV WR DVN TXHVWLRQV. HH FUHDWHG D
SRVLWLYH OHDUQLQJ HQYLURQPHQW DQG ZDV YHU\ KHOSIXO.

Ɣ HH LV DQ DPD]LQJ WHDFKHU ZKR QRW RQO\ ILQGV WLPH WR DOZD\V KHOS RXW VWXGHQWV
ZKR QHHG LW, EXW DOVR H[SODLQV WKH PDWHULDO IDEXORXVO\. II RQH H[SODQDWLRQ GRHVQ'W
ZRUN IRU D VWXGHQW, KH ZLOO ILQG DQRWKHU ZD\ WR KHOS DQG H[SODLQ WKH SUREOHPV DQG
ILJXUH RXW ZK\ WKH VWXGHQW PLJKW EH VWUXJJOLQJ. HH ZDV UHVSHFWIXO WR DOO VWXGHQWV
DQG WKHLU TXHVWLRQV, DQG DFWLYHO\ LQYROYHG KLPVHOI ZLWK WKH VWXGHQWV. AV VRPHRQH
ZKR W\SLFDOO\ KDWHV PDWK DQG FDQ VWUXJJOH ZLWK LW, KLV WHDFKLQJ QRW RQO\ KHOSHG
EXW DOVR PDGH PH FRPIRUWDEOH ZLWK PDWK, DQG I ZRXOG VLJQ XS IRU KLV FODVVHV
DJDLQ.

Ɣ CDVK ZDV WKH EHVW UHFLWDWLRQ WHDFKHU I¶YH HYHU KDG. HH KDG VXFK DQ DPD]LQJ
DWWLWXGH DQG GULYH WR KHOS VWXGHQWV RQ FDOFXOXV.

Ɣ 5HDOO\ JUHDW DW H[SODLQLQJ DQG JLYLQJ WLSV WR VLPSOLI\ FRPSOH[ SUREOHPV. CDVKRXV
QHHGV WR EH D WHDFKHU KH'V UHDOO\ JRRG

Ɣ I UHDOO\ HQMR\HG KDYLQJ CDVK DV P\ 7A IRU WKLV FRXUVH. HH PDGH PH IHHO YHU\
FRPIRUWDEOH LQ WKH FODVVURRP, DQG I IHOW WKDW KH UHDOO\ FDUHG DERXW RXU RYHUDOO
NQRZOHGJH RI WKH VXEMHFW. HH ZDV YHU\ UHFHSWLYH WR TXHVWLRQV, DQG ZRXOG DOVR
DQVZHU WKHP WKH EHVW WKDW KH FRXOG (ZKLFK ZDV W\SLFDOO\ YHU\ ZHOO). HH ZDV DOVR
YHU\ UHVSRQVLYH WR IL[LQJ DQ\ PLVWDNHV WKDW KH ZRXOG PDNH ZKHQ D VWXGHQW ZRXOG
SRLQW WKHP RXW.



DEPARTMENT OF MATHEMATICS TEACHING EVALUATIONS RESULTS, Fall, 2016
The questions on the questionnaire:

Q11. Was the recitation instructor well prepared?

J) Nearly always K) Usually L) Frequently M) Seldom N) Almost never

Q12. Was the recitation instructor e↵ective in answering questions?

J) Nearly always K) Usually L) Frequently M) Seldom N) Almost never

Q13. Did the recitation instructor seem to be interested in helping you?

J) Nearly always K) Usually L) Frequently M) Seldom N) Almost never

Q14. What is your overall impression of how your recitation instructor met his/her responsibilities?

J) Excellent K) Very good L) Good M) Fair N) Poor

Q15. Did the recitation instructor’s manner of speaking interfere with e↵ective teaching?

J) Never K) Rarely L) Occasionally M) Frequently N) Nearly always

Recitation Instructor Cashous Bortner: Course MATH107; Section 354; Enrollment = 24
Response Forms: 9; Response rate: 37.5%; Dept Reci Course Avgs: by student: 59.2%, by course: 59.4%

Avg denotes the weighted average for this class, for each question, where J=4, K=3, etc. for Fall, 2012 to Fall,
2016.

Qrt denotes the quartile of the Avg score with respect to the given comparison group.
DptS denotes the department-wide weighted average of all Student responses for Fall, 2016.
DptC denotes the average over all Courses of the course weighted averages for Fall, 2016.
The quartiles q1, q3, median m and average x̄ are for the distribution of course averages for the given question
in the given comparison group. The histograms show relative frequencies,
where bars for group data are open and bars for the current course are solid.

Here is the distribution of responses for this class by question:

Numbers of responses percentages Avg Qrt DptS DptC

J K L M N J K L M N
Q11 : 8 1 0 0 0 89 11 0 0 0 3.89 4 3.35 3.37
Q12 : 7 2 0 0 0 78 22 0 0 0 3.78 4 3.09 3.09
Q13 : 7 1 1 0 0 78 11 11 0 0 3.67 2 3.4 3.41
Q14 : 6 3 0 0 0 67 33 0 0 0 3.67 4 3.03 3.04
Q15 : 6 3 0 0 0 67 33 0 0 0 3.67 3 3.34 3.33

Histograms for responses for all recitations
(group size: 333 classes, 105 distinct instructors and 4758 response forms for Fall, 2012 to Fall, 2016):
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Comments for Recitation Instructor Cashous Bortner: Course MATH107; Section 354; Fall, 2016

Enrollment = 24; Number of Response Forms = 9; Number of comments = 7
Note: Each comment below is from a di↵erent student; 2 filled out a survey but did not enter any comment. The

numbers in parentheses immediately preceding each comment are that student’s numerical responses, provided here
to help put the written comment in context.

The comments are in response to the question:
Please comment on the quality of the instruction you received and on your experiences in this course.

(1) (4, 4, 4, 4, 4): Cash is the best recitation instructor I have. He is extremely helpful and very attentive to
his students. He is very good at explaining the topics and making them easy to understand. He is nice and
funny and just easy to relate to and talk to about problems. I don’t think I would have done nearly as well
with any other recitation instructor.

(2) (4, 4, 4, 4, 3): Cash is a very good instructor. He teaches concepts from the core and pushes for understanding
rather than just memorizing. He seems a bit nervous at times, but overall he is extremely gifted at explaining
without being condescending in the process.

(3) (4, 4, 4, 3, 3): Instructor showed a clear passion and understanding of the subject, which translated well to
an interactive and helpful recitation

(4) (4, 4, 4, 4, 4): This guy is awesome. Best TA hands down. He understands the material well and knows
how to communicate it to the student. Wish I could have him for all my classes. He knows how to make the
student think about the problem while giving helpful hints to progress through the problem. That way the
student knows why things happen. Again, he was an awesome TA and will be a great professor in the future.

(5) (4, 3, 2, 3, 4): I liked having Cash as my instructor because he would go out of his way to help us like when
he would hold review sessions based on what times we wanted instead of just picking one and not caring how
many of us could make it there. He also understood the material well which a couple of my friends in other
recitations said that their TA didn’t really help them that much.

(6) (4, 4, 4, 4, 4): This dude is fucking awesome. Would easily love to have him as my recitation instructor for
any other math classes and would easily email him again if in another math and still needed help because
he would help anyways.

(7) (4, 4, 4, 4, 4): Cash was very knowledgeable and willing to help. He truly cares about teaching and helping
students.



DEPARTMENT OF MATHEMATICS TEACHING EVALUATIONS RESULTS, Spring, 2016
The questions on the questionnaire:

Q11. Was the recitation instructor well prepared?

J) Nearly always K) Usually L) Frequently M) Seldom N) Almost never

Q12. Was the recitation instructor e↵ective in answering questions?

J) Nearly always K) Usually L) Frequently M) Seldom N) Almost never

Q13. Did the recitation instructor seem to be interested in helping you?

J) Nearly always K) Usually L) Frequently M) Seldom N) Almost never

Q14. What is your overall impression of how your recitation instructor met his/her responsibilities?

J) Excellent K) Very good L) Good M) Fair N) Poor

Q15. Did the recitation instructor’s manner of speaking interfere with e↵ective teaching?

J) Never K) Rarely L) Occasionally M) Frequently N) Nearly always

Recitation Instructor Cashous Bortner: Course MATH106; Section 351; Enrollment = 20
Response Forms: 17; Response rate: 85%; Dept Reci Course Avgs: by student: 69.6%, by course: 69.2%

Avg denotes the weighted average for this class, for each question, where J=4, K=3, etc. for Fall, 2012 to Spring,
2016.

Qrt denotes the quartile of the Avg score with respect to the given comparison group.
DptS denotes the department-wide weighted average of all Student responses for Spring, 2016.
DptC denotes the average over all Courses of the course weighted averages for Spring, 2016.
The quartiles q1, q3, median m and average x̄ are for the distribution of course averages for the given question
in the given comparison group. The histograms show relative frequencies,
where bars for group data are open and bars for the current course are solid.

Here is the distribution of responses for this class by question:

Numbers of responses percentages Avg Qrt DptS DptC

J K L M N J K L M N
Q11 : 16 1 0 0 0 94 6 0 0 0 3.94 4 3.51 3.45
Q12 : 16 1 0 0 0 94 6 0 0 0 3.94 4 3.35 3.28
Q13 : 17 0 0 0 0 100 0 0 0 0 4 4 3.6 3.55
Q14 : 17 0 0 0 0 100 0 0 0 0 4 4 3.32 3.24
Q15 : 16 1 0 0 0 94 6 0 0 0 3.94 4 3.44 3.41

Histograms for responses for all recitations
(group size: 333 classes, 105 distinct instructors and 4758 response forms for Fall, 2012 to Spring, 2016):
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Comments for Recitation Instructor Cashous Bortner: Course MATH106; Section 351; Spring, 2016

Enrollment = 20; Number of Response Forms = 17; Number of comments = 13
Note: Each comment below is from a di↵erent student; 4 filled out a survey but did not enter any comment. The

numbers in parentheses immediately preceding each comment are that student’s numerical responses, provided here
to help put the written comment in context.

The comments are in response to the question:
Please comment on the quality of the instruction you received and on your experiences in this course.

(1) (4, 4, 4, 4, 4): Great teacher, very helpful in understanding harder concepts and giving examples of them.
Teaching in a way student can relate to a little better. Big part of my learning in this course.

(2) (4, 4, 4, 4, 4): Best recitation instructor i’ve had. He was willing to go out of his way to help us. I’d like to
have a beer with the guy.

(3) (4, 4, 4, 4, 4): Cash is helpful. One time our group stuck the team homework and I emailed him lots of
times, he helped me step by step until I found the way to solve the problem.

(4) (4, 4, 4, 4, 4): Cash was always prepared, taught everything very well, always helped when we needed it,
and if we didn’t get something, he would walk us through it and explain it until we understood.

(5) (4, 4, 4, 4, 4): Absolutely wonderful. Really o↵ers a lot to us students and shows that he wants us to get
math and succeed. I would definitely take a recitation with him again!

(6) (4, 4, 4, 4, 4): Very helpful and always prepared. His review sessions before the exam always helped and he
encouraged students to come to his o�ce hours which just showed how much he wants this section to succeed
in the class.

(7) (3, 3, 4, 4, 3): Everything I learned was from Cashous. recitation was were everything was explained better.
If lecture was more like recitation, I think things would be easier for people to grasp.

(8) (4, 4, 4, 4, 4): Cash was a great TA. He helped us out a ton. Very helpful and knew his stu↵.
(9) (4, 4, 4, 4, 4): AMAZING! I would not have done as well in Calculus without the help of Cashous. He

definitely knows what he is talking about and is ALWAYS willing to help. Will meet up, responds quickly
to e-mails, and answers everything you ask. Highly recommend!

(10) (4, 4, 4, 4, 4): Always worked problems out on the broad AND went to every student to help individually.
LOVED IT!!

(11) (4, 4, 4, 4, 4): Amazing T.A. for recitation. Seemed very smart, always answered questions quickly.
(12) (4, 4, 4, 4, 4): Great teacher with high interest!
(13) (4, 4, 4, 4, 4): Hi



DEPARTMENT OF MATHEMATICS TEACHING EVALUATIONS RESULTS, Fall, 2015
The questions on the questionnaire:

Q11. Was the recitation instructor well prepared?

J) Nearly always K) Usually L) Frequently M) Seldom N) Almost never

Q12. Was the recitation instructor e↵ective in answering questions?

J) Nearly always K) Usually L) Frequently M) Seldom N) Almost never

Q13. Did the recitation instructor seem to be interested in helping you?

J) Nearly always K) Usually L) Frequently M) Seldom N) Almost never

Q14. What is your overall impression of how your recitation instructor met his/her responsibilities?

J) Excellent K) Very good L) Good M) Fair N) Poor

Q15. Did the recitation instructor’s manner of speaking interfere with e↵ective teaching?

J) Never K) Rarely L) Occasionally M) Frequently N) Nearly always

Recitation Instructor Cashous Bortner: Course MATH106; Section 251; Enrollment = 25
Response Forms: 16; Response rate: 64%; Dept Reci Course Avgs: by student: 55.3%, by course: 55.9%

Avg denotes the weighted average for this class, for each question, where J=4, K=3, etc. for Spring, 2013 to Fall,
2015.

Qrt denotes the quartile of the Avg score with respect to the given comparison group.
DptS denotes the department-wide weighted average of all Student responses for Fall, 2015.
DptC denotes the average over all Courses of the course weighted averages for Fall, 2015.
The quartiles q1, q3, median m and average x̄ are for the distribution of course averages for the given question
in the given comparison group. The histograms show relative frequencies,
where bars for group data are open and bars for the current course are solid.

Here is the distribution of responses for this class by question:

Numbers of responses percentages Avg Qrt DptS DptC

J K L M N J K L M N
Q11 : 15 1 0 0 0 94 6 0 0 0 3.94 4 3.4 3.41
Q12 : 14 2 0 0 0 88 13 0 0 0 3.88 4 3.34 3.35
Q13 : 14 1 1 0 0 88 6 6 0 0 3.81 3 3.6 3.58
Q14 : 15 1 0 0 0 94 6 0 0 0 3.94 4 3.23 3.23
Q15 : 15 1 0 0 0 94 6 0 0 0 3.94 4 3.44 3.43

Histograms for responses for all recitations
(group size: 250 classes, 97 distinct instructors and 3456 response forms for Spring, 2013 to Fall, 2015):
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Comments for Recitation Instructor Cashous Bortner: Course MATH106; Section 251; Fall, 2015

Enrollment = 25; Number of Response Forms = 16; Number of comments = 11
Note: Each comment below is from a di↵erent student; 5 filled out a survey but did not enter any comment. The

numbers in parentheses immediately preceding each comment are that student’s numerical responses, provided here
to help put the written comment in context.

The comments are in response to the question:
Please comment on the quality of the instruction you received and on your experiences in this course.

(1) (4, 4, 4, 4, 4): The instructor was immensely helpful and I strongly feel that without him and his motivation
to do everything he could to help the students learn the material I would not have done as well in the class.

(2) (4, 4, 4, 4, 4): Cash is a very good recitation TA. He takes time to hold review sessions outside of class before
exams.

(3) (4, 4, 4, 4, 4): I fully relied on Cash for my grade in this class, and I am so thankful to have had him as a
TA. He would always make himself available if a student needed help, and genuinely cared about is student’s
grades, concerns, and questions on the subject at hand. I would have a terrible grade in the course if it were
not for how easy he is to understand. He shows us easier ways to solve problems, and essentially just wants
us to succeed the best that we can.

(4) (4, 4, 4, 4, 4): Cash was a really great recitation TA. He laid things out and made them really easy to
understand. He answered all of our questions really well and in a way that didn’t make us feel stupid for
asking them. I think I learned more in recitation than I did in lecture. Cash also went above and beyond
just recitation - he o↵ered us review sessions before every exam and rewarded us for doing well.

(5) (4, 4, 4, 4, 4): Cash was extremely helpful and often went out of his way to make a relaxed and open
environment. He helped us with extra study sessions outside of class time and was very open and helpful
with any questions we had.

(6) (4, 4, 4, 4, 3): Cashous is amazing. For a student with so many other responsibilities, he seemed to really
care about all of us. He took time out of his schedule to plan study sessions before tests, he seemed well
prepared to teach us every morning and was enthusiastic even in an 8:30 am class. He was honest about
things being di�cult but he stayed positive and encouraged all of us that we could succeed. Cashous is
defiantly the reason I succeeded in calculus!

(7) (4, 4, 4, 4, 4): Cashous was amazing. He was very helpful. I would not have passed the course without him.
(8) (4, 4, 4, 4, 4): Cash explains things in a simple manner that helps a lot. And he host two hour study group’s

the night before the test to help us. KEEP HIM, HE IS AWESOME.
(9) (4, 4, 4, 4, 4): Cash was always more than willing to provide help to myself and all the students in his

recitation class. Whenever I emailed him with questions he was quick to respond with assistance. He would
even have a review session before each test. Given the smaller class sizes and the e↵ective teaching, I probably
learned more from this recitation than I did from the class itself.

(10) (4, 4, 4, 4, 4): Amazing job, went above and beyond the required responsibilities. Best ta I’ve ever had.
(11) (4, 4, 4, 4, 4): great, He really cares and is good at explaining.



MA 225 (002) - Foundations of Advanced Mathematics

Spring 2021

Instructor: Cash Bortner (he/him/his) Time: MWF 11:45 – 12:35pm
Email: cwbortne@ncsu.edu Zoom Link: https://ncsu.zoom.us/j/95346536979

O�ce Hours: MWF 12:35-1:35pm via Zoom Link https://ncsu.zoom.us/j/95346536979 and by appoint-
ment.

Prerequisites: MA 241

GEP Category: This course does not fulfill a General Education Program requirement.

Materials/book: The notes are on the course website. (There are no additional charges for the book for
the course.)

Course Description: Introduction to mathematical proof with focus on properties of the real number sys-
tem. Elementary symbolic logic, mathematical induction, algebra of sets, relations, functions, countability.
Algebraic and completeness properties for reals.

Student Learning Objectives/Outcomes: Students should demonstrate the ability to:

1. read, understand, and make informed judgments about mathematical arguments.

– Students should be able to identify the basic methods of proof such as direct proofs, proofs by
contradiction, and proofs using the Principle of Mathematical Induction and equivalent principles.

– Students should be able to analyze and critique mathematical arguments. Students should be
able to make a sound case as to the correctness of the argument, should be able to explain any
problems that are found, and then should be able to suggest ways to remedy the problems.

2. generate clearly reasoned, convincing proofs.

– Students should be able to construct proofs using direct arguments, contradiction, and the Prin-
ciple of Mathematical Induction and equivalent principles.

– Students should be able to move successfully from the discovery of a proof to the writing of a
proof.

– Students should be able to construct a proof in such a way that the reader can follow the steps
logically from one to another and is convinced of the validity of the proof.

– Students should be able to show that they possess a sound understanding of the underlying
mathematics as revealed in the construction of proofs.

3. clearly communicate mathematics (in both written form and oral form) at the appropriate levels for
the audience.

4. understand and use mathematical language and symbols.

– Students should be able to express mathematical concepts using precise mathematical symbols
and prose.

5. explore examples and make conjectures.
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MA 225 (002) - Bortner Spring 2021

6. understand the basic definitions and properties of selected mathematical concepts beyond calculus and
high school material.

– Students should be able to use these definitions and properties in the construction of proofs.

Course Structure and Rules of Engagement: The lectures will be conducted synchronously via Zoom
and will be interspersed with small group activities. The course will be structured so that there is a lot of
student interaction. In this class we will share ideas and learn from each other. It will be important for
each of you to “try” on new ideas and to make conjectures even if you are not sure that you are correct.
You will also be asked to critique the ideas and arguments of others. While it is OK to disagree with those
ideas and arguments, it is not OK to make personal attacks.

Course Delivery Changes Related to COVID-19: Please be aware that the situation regarding
COVID-19 is frequently changing, and the delivery mode of this course may need to change accordingly,
including possibly moving from synchronous sessions to an asynchronous format. Regardless of the delivery
method, we will all strive to provide a high-quality learning experience.

Note: If I need to be out for an extended period of time, Dr. Jo-Ann Cohen will take over in my absence.

Email: All emails will be sent to your o�cial ncsu.edu email address.

Course Schedule: I will usually assign homework each week and will collect homework every 7-10 days.
The topics we will cover and the order in which we will cover them are listed below. The pace of the course
depends upon your interests and input. The flexibility in the course topics schedule enables us to pursue
your ideas, your conjectures, and your proofs.

Chapter 0. Preliminaries: 1-2 days
Chapter 1. Language, Logic, Sets, and Methods of Proofs: 3-5 weeks
Chapter 2. The Principle of Mathematical Induction: 2-3 weeks
Chapter 3. Functions: 2-3 weeks
Chapter 4. Equivalence Relations: 2-3 weeks
Chapter 5. The Size of Sets: 1-2 weeks
Chapter 6. Further Properties of the Integers: 1 week (if time)

Note that the above course schedule is subject to change.

Wellness Days: The wellness days for Spring 2021 are:

• Tuesday, February 9th,

• Friday, March 5th,

• Wednesday, March 24th,

• Thursday, April 15th.

We will not have class on those days, and will not have tests or assignments due on any of those days.

Grading:
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MA 225 (002) - Bortner Spring 2021

1. Homework Assignments 10%
2. Three Hour Exams (20% each) 60%

Tentative Dates:
Wednesday, February 17th
Monday, March 22nd
Friday, April 23rd

3. Final Exam 30%
Monday, May 3rd, 12:00-2:30 p.m.

Standard Grading Scale: I will use the standard grading scale:

97  A+  100, 93  A < 97, 90  A- < 93,
87  B+ < 90, 83  B < 87, 80  B- < 83,
77  C+ < 80, 73  C < 77, 70  C- < 73,
67  D+ < 70, 63  D < 67, 60  D- < 63,

F  60.

Grading/Scheduling Changing Options Related to COVID-19: If the delivery mode has a negative
impact on your academic performance in this course, the university has provided tools to potentially reduce
the impact:

• Enhanced S/U Grading Option: Enhance Satisfactory/Unsatisfactory Grading Option

• Late Drop: Enhanced Late Drop Option

Be aware that if you use the enhanced S/U grading option, you will need to complete the course and receive
at least a C- to pass the course.
In some cases, another option may be to request an incomplete in the course. Before using any of these
tools, please discuss options with me and with your academic advisor.

Auditing the Course: To audit the course, you must have the approval of your advisor and the Mathe-
matics Department. In order to receive an AU, you must attend the majority of the sessions, and you must
hand in all of the homework and take all of the tests. See:

https://policies.ncsu.edu/regulation/reg-02-20-04/

for more information.

Incomplete Grades: Incomplete grades will be handled on an individual basis. Note, however, that if an
extended deadline is not authorized by an instructor or department, an unfinished incomplete grade will
automatically change to an F after either (a) the end of the next regular semester in which the student is
enrolled (not including summer sessions), or (b) the end of 12 months if the student is not enrolled, whichever
is shorter. Incompletes that change to F will count as attempted courses on transcripts. The burden of
fulfilling an incomplete grade is the responsibility of the student. The university policy on incomplete grades
is located at:

https://policies.ncsu.edu/regulation/reg-02-50-03/

Attendance Policy/Late Assignments/Make-up Work: You are expected to attend all classes on
time. Late assignments and make-up work will only be allowed for excused absences. You should contact
me by email before any anticipated excused absence. If you have an unanticipated excused absence (for
example, a medical emergency), you should contact me within one week of returning to class.
For complete attendance and excused absence policies, please see:

https://policies.ncsu.edu/regulation/reg-02-20-03-attendance-regulations/
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MA 225 (002) - Bortner Spring 2021

COVID-19 Related Absences: If you need to miss class because you have been advised that you may
have been exposed to COVID-19 or you have a personal or family situation related to COVID-19 that
prevents you from attending our sessions, please contact me. Together we will develop a plan to help you
keep up with your coursework during any such absences. COVID 19-related absences will be considered
excused. You do not need any additional documentation. (But, again, please make sure you contact me.)

Academic Integrity/Honesty: Students are required to comply with the university policy on academic
integrity/honesty found in the Code of Student Conduct:

https://policies.ncsu.edu/policy/pol-11-35-01/

It is my understanding and expectation that your signature on any test or assignment means that you have
adhered to the Pack Pledge:

I have neither given nor received unauthorized aid on this test or assignment.

Violations of academic integrity will be handled in accordance with the Student Discipline Procedures (
NCSU REG 11.35.02 ).

Digital Course Components: In this course we will use Zoom and Moodle. Please see the relevant
technology requirements. If you need access to additional technological support, please contact the Libraries’
Technology Lending Service ( Technology Lending ).
Students may be required to disclose personally identifiable information to other students in the course, via
electronic tools like email or web-postings, where relevant to the course. Examples include online discussions
of class topics and posting of student coursework. All students are expected to respect the privacy of each
other by not sharing or using such information outside the course.

Moodle: All reading materials are housed on the course website. Note that I received licenses to include
pictures and biographies of the mathematicians and mathematics educators that appear in the notes under
the provision that the materials would be housed on a secure site. So although you may copy the notes for
your own use, you should not share the pages with the pictures and biographies with anyone else.
Throughout the semester you will need to upload homework and tests in Moodle as pdfs. So make sure you
have an app that will allow you to scan your work if you are not able to directly save your work as a pdf.

Zoom: Our “lectures” will be conducted synchronously (Monday, Wednesday, and Friday from 11:45 a.m.
to 12:35 p.m.) via Zoom. For the first 1-2 weeks, I will send out a Zoom invitation to your NC State email
address right before class and you will be able to click on the link in that email. After that, I will expect
you to access the link below for our meetings:

https://ncsu.zoom.us/j/95346536979

I will initially put all of you on “mute”, but if you want to talk, there is a button on the bottom-left side
of the Zoom screen that will enable you to unmute yourself. Zoom enables us to have breakout rooms for
small group discussions and we will utilize that function as well.
I will be recording our Zoom sessions and will be posting links to the recordings on our Moodle page for
your use. I will only record our mathematical discussions and not, for example, the parts of our sessions
where we check in with each other. In order that all students in the class feel comfortable asking questions,
and making conjectures, etc., you may not share the links to the recordings with anyone outside of our class.
These recordings are for use in our current class (and possibly for use in future educational activities). By
your continued participation in this recorded course, you are providing your permission to be recorded for
use in our class and for use in future educational activities.

Diversity, Equity, and Inclusion: Diversity, equity, and inclusion are important to the success of our
students at NC State. Every student, every faculty member, and every sta↵ member who comes to NC
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State enriches us through their varied perspectives, knowledge, and backgrounds. Our classroom is one in
which every student is respected and feels heard.
In an e↵ort to a�rm and respect the identities of transgender students in the classroom and beyond, please
contact me if you wish to be referred to using a name and/or pronouns other than those listed in the student
directory.
I have benefited throughout my life from my majority status, the most impactful of which has been my
white privilege. I know that our students of color face issues that I have never faced, nor will ever face. I
want to a�rm that I will listen to your experiences and to the experiences of all of my students if you would
like to share them with me. I value your perspectives and I will advocate for your needs in our department
and throughout the university.
I welcome any additional suggestions you have for making our classroom more welcoming and inclusive.

Accommodations for Disabilities: Reasonable accommodations will be made for students with verifiable
disabilities. In order to take advantage of available accommodations, students must register with the Dis-
ability Resource O�ce at Holmes Hall, Suite 304, 2751 Cates Avenue, Campus Box 7509, 919-515-7653. For
more information on NC State’s policy on working with students with disabilities, please see the Academic
Accommodations for Students with Disabilities Regulation (REG02.20.01).

Non-Discrimination Policy: NC State prohibits discrimination, harassment, and retaliation based on
a person’s age (40 years or older), color, disability, genetic information, gender identity, national origin,
race, religion, sex (including pregnancy), sexual orientation or veteran status. If you feel that you have
been the subject of prohibited discrimination, harassment, or retaliation, you should contact the O�ce for
Institutional Equity and Diversity (OIED) at 919-513-0574.
NC State’s policies and regulations covering discrimination, harassment, and retaliation may be accessed at
http://policies.ncsu.edu/policy/pol-04-25-05/ or http://oied.ncsu.edu/divweb .

Health and Well-Being Resources: These are di�cult times, and academic and personal stress are
natural results. Everyone is encouraged to take care of themselves and their peers. If you need additional
support, there are many resources on campus to help you:

• Counseling Center ( NCSU Counseling Center )

• Health Center ( Health Services — Student )

• NC State CARES Team: As members of the NC State Wolfpack community, we each share a personal
responsibility to express concern for one another and to ensure that our campus remains a healthy
and safe environment for learning. Occasionally, you may come across a classmate whose personal
behavior concerns or worries you, either for your classmate’s well-being, for your well-being, or for the
well-being of others. When this is the case, I would encourage you to report the behavior to the NC
State CARES team: ( Share a Concern ).

• If you or someone you know are experiencing food, housing or financial insecurity, please see the Pack
Essentials Program ( Pack Essentials ).

Additional COVID-19 Information: Due to the Coronavirus pandemic, public health measures have
been implemented across campus. Students should stay current with these practices and expectations
through the Protect the Pack website ( https://www.ncsu.edu/coronavirus/ .)
We are most concerned about your health and the health of the students, faculty, and sta↵ across campus.
If you test positive for COVID-19, or are told by a healthcare provider that you are presumed positive
for the virus, please follow university guidelines, including self- reporting ( Coronavirus Self Reporting ):
Self-reporting is not only to help provide support to you, but also to assist in contact tracing for containing
the spread of the virus.

Community Standards related to COVID-19: We are all responsible for protecting ourselves and our
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community. Please see the Community Standards and Rule 04.21.01 regarding Personal Safety Requirements
Related to COVID-19 ( RUL 04.21.01 – Personal Safety Requirements Related to COVID-19 – Policies,
Regulations & Rules ).

NC State Rules and Regulations: Students are responsible for reviewing the NC State University
Policies, Rules, and Regulations (PRRs) which pertain to their course rights and responsibilities, including
those referenced both below and above in this syllabus:

• Equal Opportunity and Non-Discrimination Policy Statement https://policies.ncsu.edu/policy/pol-04-
25-05/ with additional references at https://oied.ncsu.edu/equity/policies/

• Code of Student Conduct https://policies.ncsu.edu/policy/pol-11-35-01/

Important Resources for Students

• NC State Keep Learning, tips for students taking courses remotely: https://dasa.ncsu.edu/academics/keep-
learning/

• Introduction to Zoom for Students: https://youtu.be/5LbPzzPbYEw

• Learning with Moodle, a student’s guide to using Moodle: https://moodle-projects.wolfware.ncsu.edu/course/view.php?id=226

• Protect the Pack FAQs: https://www.ncsu.edu/coronavirus/frequently-asked- questions/

• NC State Protect the Pack Resources for Students: https://www.ncsu.edu/coronavirus/reactivating-
campus/resources-for-students/
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Exam 3

Due: Saturday, April 24th at 10:00pm

This exam is due on Saturday, April 24th at 10:00pm. There will be no late

penalty if the exam is turned in by Monday, April 26th by 11:00am. For this
exam, you will be working independently. You will submit your work via gradescope
4.5 hours after you started this exam.

You are permitted to use any of your notes from this course, homework assignments
from this course, and anything on the Moodle page for this course. You are NOT

permitted to use any online resources outside of the Moodle page, or talk to each
other about the exam.

As always, you will need to justify your answers.

You should include, and sign, the Pack Pledge on your test:

I have neither given nor received unauthorized aid on this test.

1. (33 points) Define f =
�
(x, y) 2 R⇥ R : y = x2 � 1

 
.

(a) (5 points) Show that f is a function.

Solution: Suppose there exists (a, b) 2 f and (a, c) 2 f . Then we have that b = a2 + 1
and c = a2 + 1 by the definition of f . Therefore, b = c, thus f is a function.

(b) (7 points) Is f onto R? Prove your claim.

Solution: No. The function f is not onto R. Note that for any element x 2 R, then
f(x) = x2 � 1. Since the square of any real number is nonnegative, then f(x) = x2 � 1 �
0 � 1 = �1, thus Rng(f) ✓ [�1,1). Therefore, the range of f is not the real numbers,
as it cannot contain any real number smaller than �1, i.e. f is not onto R.
In particular, consider y = �2. If we suppose for the sake of contradiction that there
exists some x 2 Dom(f) = R such that f(x) = �2, then we would have that x2�1 = �2,
hence x2 = �1. Because x is a real number, then x2 � 0, a contradiction. Thus, �2 is a
real number which is not in the range of f .

(c) (7 points) Is f injective? Prove your claim.

Solution: No. The function f is not injective. Note that (1, 0) 2 f since 0 = 12 � 1, and
similarly (�1, 0) 2 f as (0 = (�1)2 � 1, however 1 6= �1. Therefore, f is not injective.

(d) (7 points) Find f�1. Write in the form f�1 = {(x, y) 2 R⇥R : y = · · · }. (Be sure to put
all of your steps when finding f�1.)
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Solution: By definition,

f�1 = {(u, v) 2 R⇥ R : (v, u) 2 f}
= {(u, v) 2 R⇥ R : u = v2 � 1}
= {(u, v) 2 R⇥ R : v2 = u+ 1}
= {(u, v) 2 R⇥ R : v = ±

p
u+ 1}

= {(x, y) 2 R⇥ R : y = ±
p
u+ 1}

(e) (7 points) Is f�1 a function? Prove your claim.

Solution: No. Since f is not injective, f�1
is not a function by the Theorem in the

Chapter 3: Injections worksheet.

More explicitly, (0, 1) 2 f�1 since 1 =
p
0 + 1 and similarly (0,�1) 2 f�1 since �1 =

�
p
0 + 1, however 1 6= �1, thus f�1 is not a function.

2. (34 points) Define the equivalence relation S on the set of integers Z as

S = {(a, b) 2 Z⇥ Z : 2 divides a+ b}.

(a) (10 points) Show that S is reflexive.

Solution: Suppose a 2 Z. Note then that a + a = 2a, hence a + a can be written as the
product of 2 and an integer, namely a, thus a+ a is divisible by 2. Therefore, (a, a) 2 S
for all a 2 Z, i.e. S is reflexive.

(b) (10 points) Show that S is symmetric.

Solution: Suppose (a, b) 2 S. By definition, a+ b must be divisible by 2, i.e. there exists
some integer k such that a + b = 2k. Note that because the integers are commutative
with respect to addition, we have that a + b = b + a, thus b + a = 2k. Since b + a can
be written as the product of 2 and an integer, then it is divisible by 2. Thus, (b, a) 2 S
whenever (a, b) 2 S, i.e. S is symmetric.

(c) (10 points) Show that S is transitive.

Solution: Suppose (a, b) 2 S and (b, c) 2 S. Then, by definition, a+b = 2k and b+c = 2j
for some integers k and j. If we add these two equations we get a+ b+ b+ c = 2k + 2j,
which is equivalent to

a+ c = 2(k + j � b).

Since k, j and b are all integers, then so too is j+k�b by the closure property of integers,
thus a + c can be written as the product of 2 and an integer. Therefore, (a, c) 2 S
whenever (a, b) 2 S and (b, c) 2 S, i.e. S is transitive.

(d) (4 points) Find the equivalence class [1] for S.

Solution: By definition, the equivalence class of 1 is

[1] = {x 2 Z : (1, x) 2 S}
= {x 2 Z : 2 divides 1 + x}
= {x 2 Z : 1 + x = 2k for some k 2 Z}
= {x 2 Z : x = 2k � 1 for some k 2 Z}
= {. . . ,�5,�3,�1, 1, 3, 5, . . .}
= {x 2 Z : x is odd }
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Thus, the equivalence class of [1] is the set of odd integers.

3. (33 points) Define the relation R defined on the set of integers Z as

R = {(a, b) 2 Z⇥ Z : ab � 0}.

(a) (10 points) Is the relation R reflexive? Prove your claim.

Solution: Yes. Suppose a 2 Z, then a · a = a2 � 0, thus (a, a) 2 R. Therefore, R is
reflexive.

(b) (10 points) Is the relation R symmetric? Prove your claim.

Solution: Yes. Suppose (a, b) 2 R, then by definition ab � 0. Since multiplication over the
integers is commutative, we know that ab = ba, so since ab � 0 so to ba � 0. Therefore,
(b, a) 2 R whenever (a, b) 2 R, i.e. R is symmetric.

(c) (10 points) Show that the relation R is not transitive.

Solution: No. As a counterexample, consider (�1, 0) 2 R since �1 · 0 = 0 � 0, and
(0, 2) 2 R since 0 · 2 = 0 � 0. Note then that (�1, 2) 62 R since �1 · 2 = �2 6� 0.
Therefore, R is not transitive.


