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Abstract Given our current environment relating to undergraduate
Two years ago an elective 4" year microprocessor course software engineering practices, existing course load and
taught to a small class of 35 was switched to become a accreditation requirements, it was only possible to introduce
compulsory 3" year course taught to 150. Student grades certain practical PSP elements. This paper discusses the
became bimodal, either D+/C- or A-/A, and the instructor’s 'éasoning behind the elements selected -- earned value
teaching evaluation plummeted. A rework of the programnalysis, code review and the introduction of defect analysis
the following year made no significant difference. T the laboratories.
overcome these problem, elements from Humphrey’s The new software practices have been dropped
Personal Software Process were parachuted into th@arachuted) onto a small group of students who are without
undergraduate program. Modified versions of the eameqnificant formal software engineering training. Although
value analysis procedure and review sheets were developgthse students have been exposed to the concepts of “good

together with a defect analysis approach directed towarg§ogramming practices”, the majority see continued hacking
improving the manner in which laboratories were handled. ;¢ giving them a theoretical, rather than practical

disadvantage. Place these students in the final ternf of 4
I ntroduction year just months from graduation, and you have a fairly
unreceptive audience expected to be passively, if not

Ever since the Computer Engineering Minor program was ) | . :
P g . prog actively, hostile as suggested in the paper title!

introduced in 1981, both courses in the microprocessor
stream at the University of Calgary’s Electrical and
Computer Engineering program have been taught in the M odified Earned Value Analysis
fourth year to a small class. The lectures were tailored so tRgt,dents in a general compulsory course have different
_the students were prepared for the six practical 'aboratori@;?pectations to those in an elective course. Many will be
in thg courses. .The_classes were anoyed by both Stud%ﬁng the course because it is required of them rather than
and instructor Wlth high mar!<s obtalned_ by the students apdnied. Many are expecting to do poorly with less access to
reasonable teaching evaluations for the instructor. the instructor for help as compulsory courses are typically of
Two years ago, one of the courses was switched fron@darger size.
,4th year elective to a compulsory course. Ther class sizé pyrther complicating the issue is the instructor's own
thhmped from 35 to a mixture of 159 students franyQar, personality, teaching style and expectations. For example, |
4" year and those returning from industrial internship. Thgach my microprocessor course with an unusual emphasis
change did not go well. Practical laboratories, the may, interaction with C/C++ software in addition to the normal
focus of the course, were frequently left incomplete. Studenisqyware interfacing. A dramatic shift in student attitude is
marks became bimodal (D+/C- or A-/A), and both instructofeeded to switch from an introductory C/C++ course to the
evaluation and personal satisfaction in teaching plummetedqre design oriented microprocessor laboratories. Further, |

The following year, with significant course changes madgynt inflate my marks, | quiz heavily and | actually expect

went no better. the students not to do well during the first part of the course.
At the same time as the undergraduate curriculufi this situation many of the students don't properly

changes were introduced, a new M. Sc. with a specializatig#fognize their likelihood of success until late in the term.

in Software Engineering was funded. One element of this |5 hrevious years, compensation for this student attitude

new graduate program was the introduction of COUrS@Ss peen made by indicating an expected final average class
formatted around Humphrey's Personal Software Processyk of at least B- despite low early quiz marks.

(PSP). The response of students to the practical elementg gfortunately, such announcements are quickly forgotten.
PSP suggested that the introduction of these concepts WOR'Qpeating them after the students have received the

be useful in the undergraduate microprocessor coursggticinated low marks is perceived as an instructor's excuse



after scoring a home goal. In addition, course evaluation on  the task effort can be identified with the component
the instructor typically occurs before the students appreciate  weighting in the final course mark. In the PSP, the project
that they will be graduating with high marks in this course. manager and developer are the same. In the variant, the
manager is the professor providing deadlines for quietzes
The developer becomes the student who receives a

\pl)iﬁfctarfjﬁr?éniorea:fgglgg ad?;ﬁ?;”; \?v(;;nzlgle?gpg tg percentage of the final course mark on completion of each

overcdme the siudents’ concern over marks. Many of e mponent. These elements. of Humphrey's earned vaIu_e

concepts translated directly over betweén the tw%nalysm can be recpgmzed in the Earmed Grade Analysis
raeadsheet shown in Figure 1.

applications. PSP tasks become the course components, £

Humphrey [1] provides a practical mechanism, earned

Expected Your Course Your Probable
Completition Class Mark Component Percentage Grade
Component Date Worth Average (%) Max Mark
Lab Quiz 1 17th/24th January 1.0 80.0 AIA- 8.9 10 89.0 A
In-class quiz1  21st January 3.0 640 C/C-/ID+ 225 30 75.0 A-/B+
Lab. 1 27th Jan./3rd February 2.0  80.0 AIA- 101.3 100 101.3 A
Lab Quiz 2 31st Jan/7th February 1.0 80.0 A/IA- 8.8 12 73.3 A-/B+/B
In-class quiz 2 4th February 3.0 71.0 B/B-/IC+ 75 100 75.0 A-/B+
Lab. 2 10th/17th February 20 84.0 AIA- 87 100 87.0 A
Lab Quiz 3 14th/21st February 1.0 840 AlA- 10.6 14 75.7 A-/B+
In-class quiz 3  18th February 3.0 710 B/B-IC+ 345 45 76.7 A-/B+
Lab. 3 24th Feb./10th March 20 850 A 90 100 90.0 A
Lab. Quiz 4 28th Feb./14th March 1.0 800 AlA- ??7? ??7? 80.0 AlA-
Mid-term 11th March 140 72.0 B+/B/B- ??7?  ??? 72.0 B+/B/B-
Lab. 4 17th/24th March 40 750 A-/B+ ???  ?7? 75.0 A-/B+
Laboratory Exam 21st March 8.0 60.0 C/C-ID+ 7?7 60.0 C/C-/D+
In-class quiz4  1st April 3.0 70.0 B/B-/IC+ 7?7 70.0 B/B-IC+
In-class quiz5  15th April 3.0 650 C/C-/ID+ 7?7 65.0 C/C-/D+
Lab. 5 14th/16th April 4.0 50.0 D/ID+ 77?7  ??? 50.0 D/ID+
Final Exam April 450 69.5 B-/IC+/C PREDICTED AS 70.0 B/B-IC+
80
EXPECTED
70 CLASS
60 AVERAGE
50 69.6
B/B-/C+
40
30 PREDICTED
20 MARK
Earned %Mark to-date 71.0
10 B/B-/C+
0
0 10 20 30 40 50 60 70

Figure 1: -- Screen printout from an Excel spreadsheet used to track earned grades during a term.

Humphrey tracks whether a project is on time byf the final exam and course marks are made based on
comparing actual and planned time of completion for eadtmown marks and expected class averages.
component. No reward is given for undeveloped
compor?ents. Adopting an equivalent approach to tracké\%alysis and size estimation techniques in PSP. Poor size
student’s marks through a 3 month course would not provide

: Stimation, with a large error, occurs when a project is

the required progress reassurance. The total marks awarded . . . S .
X considered as a single entity. Estimating the project as a
for completed components in the early part of the coursg .
Sgries of smaller tasks leads to a lower overall performance

would appear to the student as an earned D grade at best, rror, even if the individual component errors remain high.

overcome this discouraging aspect the student is initial he first concept corresponds to a student thinking that the
awarded the expected class average for each course

component. As students enter their own scores in the ¢ 20" mark in the latest quiz directly translates intaiaking

marked??? on the completion of a component, predictionsInal graQe. By contrast, ms@ruc_tc_)rs recognize that the final
mark is little affected by any individual component.

There are also relationships between the course mark



An earned value analysis carried on during the final  later”. Although students without formal software
exam is also useful. Student are pre-warned that they are  engineering training may be familiar with the phases
expected to mark, in their minds, each exam question associated with a project’'s development, they have difficulty
completed. They record their predicted mark on the examits distinguishing between them without practice. In addition,
front cover. If their prediction proves correct within 10%)Jaboratory prototypes are so small in scope that any defect
they are rewarded a bonus mark to compensate for the “timealysis associated with individual phases is meaningless.
spent on the analysis”. This approach had students comifige concept of “defect discovered within a phase” was
out of the final exam happier as they had a better idea tberefore replaced with the more relevant “defects
their own performance based on the whole exam rather thdiscovered within a prototype”.

a remembered poor mark on one question. It also provided

. : In addition, a change of terminology was also
an unexpected bonus for the instructor. For some questlonsn{tOduced Students were said to “make mistakes” rather
became clear that many students expected high marks hju% '

. . o an “discover defects”. Mistakes were classified using the
actually received low marks. This clearly indicates a course

} . cierpore emotive terms from the Motorola University software
component understood in concept but without sufficient . . . :
engineering course books [2]. Mistakes made and discovered

comprehension 1o actually apply the material. = Such auring a particular prototype were classified as “Errors”,

indication immediately provides concrete direction forsuggesting a mild problem that is easily fixed. Mistakes
course changes.

made during one prototype and not discovered till later were
“Defects”, hinting at a more serious difficulty.

. . In the course of a laboratory, students quickly recognize
The advantage of introducing formal software that the time consumed with fixing errors is significantly less
engineering terminology during L aboratory that that required to fix defects, even when detailed metrics
Development. are not gathered. With the basic software engineering
An incremental technique to the development of hardwag@ncept in place, it is straight forward to show the
and software during undergraduate laboratories should kgiationship between problems with the student’s process and
encouraged as an incremental approach minimizes ri¢kose of industry. This is all that is needed to convince
Unfortunately, many students see incremental developmestudents that having a process that introduces errors rather
as offering no practical advantage over their normal hackirigan defects is to their advantage. This approach may not be
approach of design during coding and testing of the compleggactly what Humphrey advocates. However it is a
project. Humphrey points out that it is necessary for studerstignificant step in the correct direction of making the
to show by their own personal experience that taking ttsgudents comfortable with the possible advantages of
wrong approach is to their own detriment. However, givepracticing formal software engineering.
the other material to be covered in a non-software
engineering course, the time needed to gain this necessary
experience is not available. Application of the ARMIE review sheet
The next problem was to develop a technique that took
The first step to proactively shorten the process is tadvantage of the students recognizing that it was better to
show the students that the various prototypes of drave an error than a defect. Parachuting process management
incremental laboratory approach form a SPIRAL life cycleechniques into the middle of a non-software engineering
This compares to the WATERFALL life cycle of thecourse does not provide a great deal of opportunity to
standard hacking approach. With some basic softwadevelop a personal approach. However, as an instructor you
engineering terms introduced, the next stage is to bring in are already familiar with what will cause problems during
industrial speaker willing to discuss the details of softwarexams and laboratories from your own personal experience.
disasters, the gorier the better. This speaker can be asketl$ing this information, and perhaps with the help of a senior
stress the trend of local industry towards introducingtudent who has already taken the course, you can develop
software engineering practices. This hits home early inam ARMIE review sheet. ARMIE is an acronym for
final term 4" year course as the students in the process ‘@voiding Removal of Marks In Exams”.
attending interviews. They realize that knowing “something

. 7 . . The ARMIE sheet was used with an approach that
about software engineering” may provide the needed edgef(ljrﬁowS the intent of Humphrey's PSP. During the first
getting a job. :

laboratories, students mark the ARMIE sheet according to
Students are more likely shift their own softwarevhether a mistake was recognized during their prototype in
development process when they realize that the time thepich it was introduced or later. Combined with mistakes
personally spend to fix a “defect discovered in a phase” filom the in-class quizzes, it was hoped that the students will
significantly less than the time to fix a “defect discoveredecognize that they are personally making certain classes of



errors or defects more frequently than others. This is a
context-relevant, accelerated variant of the PSP mid-term
report.

As the term progresses, the students are encouraged to
use their own ARMIE sheet during the laboratories as part of
areview process to recognize errors rather than leave behind
the more time consuming defects. To ensure that the
students made a deliberate effort to use the ARMIE sheet,
their use in quizzes requires that the updated sheet be handed
to the instructor the day before the exam.

G. Q. M. -- Goal, Question and Metric

Humphrey [1] makes the point that process changes serve
little purpose without a goal in mind. Obvious goals are to
provide a better experience for both students and instructor
together with a significantly improved teaching evaluation.
Questions and metrics are associated with whether the
parachuting of PSP principles into an undergraduate course
will serve any useful purpose in achieving the desired goals.
Unfortunately, given the time constraints on submitting this
paper, the metrics really needed to evaluate success are not
yet available. Specifically, our administration enforces a
slow pace by insisting that course comments are not made
released until al possible student appeals have been settled.

anticipated. Attempting all question on one of my exams is
not necessary to receive an A grade. However, the students
tend to hurry through all questions to maximize their marks,
leaving little time to check for mistakes using the ARMIE
review sheet. However, students report using the ARMIE
sheet to review possible mistakes prior to the quiz, still a
valid SE usage.

| have kept track of how many ARMIE sheets were
voluntarily handed in prior to each quiz in an attempt to see
how many students considered them useful. The rate dropped
off considerably towards the end of term. However, when |
introduced a new format for the ARMIE sheet for use in the
final exam, well over 50% of the class took the time to move
the numbers from the old sheet to the new. | also found that
the laboratories went more smoothly this term with the
students keeping track of their errors. However whether this
is due to smaller numbers (16 per lab rather than 48),
students in a second course in the stream or the ARMIE
sheet itself remains to be determined.

I made each student hand in an updated earned grade
analysis just prior to my own evaluation so that they would
realize the success that they were having. Whether this
strategy was successful will be determined when the
evaluation comments are returned. It was clear from
comments that some students were keeping close track of

When this paper is presented at FIE ‘97, it will be possible tg€ir grades with the EGA sheet. At the end of the term, they
offer more than just the following simple, qualitativewere able to identify just how well they had to do in the final

observations.

exam to achieve the letter grade they felt they deserved. In
addition, it was easier for me as an instructor to provide

Students clearly understood the differences betweggunseling for the student when they came in with a poor
“defects” and “errors”. By the end of term, they were UsiNguiz and an updated EGA printout.

the concepts to make jokes. My mistakes were verbally
classified according to whether they had been made in this or
an earlier lecture. One salesman was also made very aware of Conclusion

the difference when problems arose with his produ , o .
) : : .~ Although the final analysis is not completed, it would appear
demonstration. However a practical question on the fin ; . . .
at parachuting several software engineering practices from

exam that dealt with _the recognition arjd y_w;ld analysis umphrey’s Personal Software Process into the middle of a
defects and errors in a series of simplified Iaboratori‘

. . nal year microprocessor course solved many problems.
prototypes was answered poorly. This was a question that {he .
. - tidents concerns from previous courses revolved around
students identified as one where they felt they had performeau . e ,
) marks and laboratories. A modification of Humphrey's
well. Clearly more practice on the use of these conceptslés . e 1 i
. arned Value Analysis process solved difficulties associated
required. ) . : .
with perceived progress during the course and during exams.
The use of the ARMIE review sheets to identify basitntroduction of software engineering terminology associated
errors worked well for the first four laboratories. By the finalith “defects in and out of phase” into a SPIRAL lifetime
laboratories, the basic syntax errors were no longerodel for laboratories convinced the students of the
perceived by the students as causing a problem and #uvantages of actually following an incremental development
sheets were no longer used. However, | observed that #ygproach rather than just given it lip-service. This led to the
same mistakes were still being made. successful introduction of a code review sheet for use during

The ARMIE review sheet was also intended to allow thglrjrlgrzses and laboratories to cut down commonly repeated

students to review their quiz answers for errors made. Since

the sheets identified the student's own mistakes, rather than The techniques have been very successful with a small
identified solutions, they are not a cheat sheet. With thldass in an % year elective microprocessor course. By the
exception of the final exam, the sheets were not used time the conference presentation is made in November 1997,



a compulsory, introductory microprocessor course with a
large student population will be well under way. It should be
clear by then whether the solutions work with the younger,
less experienced class.

When the final conference proceedings version of this
paper was submitted, administration had not forwarded the
necessary information. Details will be made available at the
following web site

www.enel.ucalgary.ca/People/Smith/ENEL 515/fie97.htm
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