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Ab st r act . Teaching students to read and write speci“c at ions is di�c ult.
It is even more di�c ult to mot ivate speci“c at ions„ to convince students
of the value of speci“ cations and make students eager to use them. The
Groupthink speci“ cation exercise aims to ful“ ll all these goals. Group-
think is a fun group activity, in the style of a game show, that teaches
students about teamwork, communicati on, and speci“ cati ons. This exer-
cise teaches students how di�c ult it is to wri te an e� ecti ve speci“ cati on
(determining what needs to be speci“ed, making the choices, and cap-
turi ng those choices), techniques for getti ng them right, and cri teri a for
evaluati ng them. It also gives students pract ice in doing so, in a fun en-
vironment that is conducive to learni ng. Speci“ cati ons are used not as
an end in themselves, but as a means to solving realisti c problems that
involve understanding system behavior.

Students enjoy the activ it y, and it improves their abilit y to read and
write speci“c at ions. The two-hour, low-prep act ivity is self-contained,
scales from classes of ten to hundreds of students, and can be split into
2 one-hour sessions or integrated into an exist ing curriculum. It is freely
available from the author (mernst@csail.mit.edu ), complete with lec-
ture slides, handouts, a scoring spreadsheet , and opti onal software. In-
st ructors outside MIT have successfully used the materials.

1 I nt ro duct ion

Speci“cat ion (along with related veri“ca t ion activities such as testing) is crit-
ical to the successof any real software system. However, many students view
speci“ cation as a dry, tedious, and impractical topic.

One problem is that many undergraduate programming classesfail to inte-
grate speci“ cation into the curri culum in a realist ic way. Wri t ing a speci“ cation
for the purposeof being graded takesspeci“cat ions out of the context in which
they are used, so students gain little appreciat ion for their utilit y. Additio n-
ally, typical classassignments are simple, so techniquesthat are crucial for more
complexsoftwaremay not be cost-e� ective.Students learn the (incorrect!) lesson
that speci“ cation is point less.

This paper describesGroupthink, a two-hour group activit y that teachesstu-
dents about speci“cat ion „ conveying its utilit y, illustr ating how to do it (and
how not to do it), and emphasizing the importanceof teamwork and communica-
tion during the process„ thr ough hands-on experiencewith a realistic problem.
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In small teams, students are given a set of requirements and asked to specify
the behavior of a simple desktop telephone with integrated answering machine.
They then play a gameto determine how successful their speci“cation was.The
game posesquestions about the behavior of the telephone, and each team mem-
ber must answer the questions individually. There areno right or wrong answers;
rather, the goal is for all team members to give the same answer, indicating they
have constructed a speci“cat ion that they can all understand and that covers all
possiblebehaviors. Finally (though they are not told this beforehand), they are
given a second chance to improve their speci“cat ion and to cont inue to play the
game.

The author has run the activity 9 t imessince 2002,involving over 850sopho-
mores from the MIT School of Engineering. The activit y has also beenrun out-
side MIT. At MIT, the activity is part of the January inter-session UPOP (Un-
dergraduate PracticeOpport unit iesProgram) engineering • boot campŽ. This is
an intensive week-long program intended to teach engineering sophomoresa va-
riety of engineering and management skills that are often not taught in regular
classesbut are important for industrial jobs [9].

The objective of the exerciseis to teach students

– the importance of creat ing precise,complete speci“cations
– the di�cult y of doing so
– speci“c methods for eliciting requirements and creating speci“cat ions
– strategiesfor informat ion representation when expressingspeci“cations
– e� ective teamwork and group communication
– the importance of ensuring understanding among all team members
– time management
– the value of iteration and how to learn from mistakes

No brief activit y can teach all these skills, and di�er ent students bring di�er -
ent skill setsto the activit y. Therefore, the exerciseis intendedto teach di�er ent
lessons to di�er ent students. As explained in Section 4, the exercisemeetsits ob-
jectives.Students “nd the activit y enjoyable, they report learning theselessons,
and they demonstrate better successon a speci“cation task afterward.

Our threemajor goals in designing the activity were as follows.

1. We wished to pose students a well-motivated, practical, concrete, realistic
problem. Such a problem is not a dry academic exercise, but has a clear
connectionto real-word work. The problem neededto be small enough to be
easily comprehensibleand to look easy at “ rst glance,but hard enough that
undisciplined approacheswere unlikely to be successful,so that the students
appreciate the advantagesof using a speci“ cation.

2. We wanted to run an interactive and lively event . Many peoplelearn best by
doing (e.g., active learning [1], which is promoted by a variety of teaching
guides [3,10,11,2]), and hands-on activities are more likely to be fun and to
inspirestudents. Iter at ion givesstudents an opportunit y to learn from and to
correct their mistakes, gaining a feeling of accomplishment and illustr ating
how and why undisciplined alternat iveapproachesfail. Interaction with other
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people exposesstudents to multiple technical and organizat ional approaches
to a problem. An element of competit ion „ both with other teams and with
a team•s own previous performance„ made students more energetic and
focusedthem on the task.

3. We aimed to appeal to students with many di�er ent backgrounds.The activ-
ity should equally engagecomputer science students and computer-phobes,
and thosewith years of job experience or none at all. This implies that the
activit y must teach di�er ent skills and concepts to di�er ent people, and it
should encourage part icipat ion by all students. For example, we wished to
force • techiesŽ to talk to • non-techiesŽ, which teachesbetter communication
skills to both groups.

2 T he A ct ivi t y

The activit y starts with a very brief lecture on speci“cat ions. The intr oductory
lecture mot ivateswhy one would care about speci“cat ions, and who should care
about speci“cat ions. Writing and understanding speci“cat ions is important to
everyone:

– designers …to communicate their ideas to others
– implementers …to faithfully reproduce the ideas
– testers …to ensurecompliance
– managers …to understand what the technical team is doing
– technical support …to understand what behaviors are desired
– salesmen/m arket ing …to communicate to customers
– users …they cannot use,and will not buy, what they cannot understand

Students then form small teams and are given a part ial speci“ cation of a
system, plus a setof requirements for it sbehavior. The speci“cation is incomplete
and inconsistent in somewhat subtle ways. Each team is asked to develop a
better and complete speci“cat ion that prescribes the system•sbehavior under all
possible user interactions. There is no right or wrong speci“ cation as long as the
requirements are met. The goal is for each team to agreeupon the speci“ cation
and to understand what they haveagreedupon. Theexerciseis motivated in part
by imagining that the students are working for di�er ent divisions of a company
that wants to bring the system to market.

The Groupthink framework providesa way of running an activit y that empha-
sizesteamwork and consensus.Instructors useGroupthink along with a content
module that sets students a speci“c task. As of this writing , one content module,
called • AnswerphoneŽ, is distr ibuted with the Groupthink Speci“cat ion Exer-
cise.Appendix A reproducesthe requirements handout that is given to students.

Answerphone is a desktop telephone with integrated answering machine.
Other systems would also work well. The system should be relat ively famil-
iar to students to minimize confusion and reducet ime requirements, and should
have a moderate level of feature interactions to make the speci“ cation rich but
tr actable.
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Each team of students had 30 minutes to agreeupon the system•s behavior.
After 20 minutes, facilita torssuch as instructorsor TAs(teaching assistants) may
gent ly guide teams that arestruggling very badly: for instance,somestudentsare
not engaged,sothey aren•t part icipat ing, or somestudents don•t understand the
team•ssolutio n. TA intervent ion should be rare, becausewe found that students
learn best when they struggle, make their own mistakes,and then correct them.
Thus, TA involvement is primarily intended to let the team proceed to new
experiencesand mistakes that can teach new lessons. TAs should avoid making
speci“c suggestions,but might point out that all team membersmust understand
the solut ion, or note that the teamis stuck on one relatively minor point , or ask
whether the team has considered some important situation. The TAs should
listen to all of the group•s deliberat ions, in order to provide better feedback
after the entir e activ ity was over.

To evaluate their speci“cat ions, students play the Groupthink game that gives
the activit y its name. Teamsare asked a series of questions about the system
behavior, many of which focuson featur e interactions.Each question is displayed
on an overhead projector and is also readby the instructor. A samplequestion is:

The user is connected to an outside party. The outside party hangs up.
Can the user hear dial tone?

A. The user hears dialtone (the phoneline is in the lineactive state)
B. The userdoesnot hear dialtone(the phoneline is in the lineidle state)

Each team member individua lly answers the questions. There is no right an-
swer. Instead, the challenge is for all team members to give the same answer,
without communicating with one another, basedon the speci“ cation they have
developed. It is important to emphasizethat di�er encesin answers are a failur e
of the team to develop a speci“cat ion that everyone understands, not a failur e
of any individual.

Displaying a running tally of scorespromotesexcitement and involvement in
the game.Each team receivesasmany pointsas the sizeof their pluralit y answer,
plus a bonus of 10 points if all answers agree.For example, supposethat a team
has9 members.If 4 teammembers answer •AŽ, 3 answer • BŽ, and 2 answer • CŽ,
the team receives 4 points. If 1 team member answers • AŽ, 1 answers • BŽ, and
7 answer • CŽ, the team receives 7 points. If all 9 teammembers answer •BŽ, the
team receives 19 points (9 points plus 10 bonus points). Students quickly realize
that winning or losing the game depends primarily on the number of bonuses
earned.

After a round of questions, the instr uctor moderates a class discussion that
conveys the core of the material the students will learn. Students explain what
strategieswere and were not successful. We believe that students hearing from
one another in their own words is more e� ective than a lecture: it is more con-
vincing to hear from someone who has actually tr ied a part icular technique.
This approach also forcesre”ectio n (intr ospection), which is itself a successful
learning strategy [6,2,12]. An instructor moderates the discussion, following up
to emphasizeor expand upon certain points, or to draw connections.Section 3
lists some common student observat ions.
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After the discussion, though they are not told this beforehand, the students
are given more time to improve their speci“cat ion before a second round of the
game (seeSection 2.1). Students usetheir mistakes from the “r st round to help
them improve. This iterat ive learning experience is key: students get to make
mistakes,learn from them, and then do a better job, which solidi“es the learning
and leaves them with a positive feeling [16].

Af ter the game,the activit y concludeswit h a lecture that reinforcesthe points
made by the int roductory lecture, the classdiscussion, and the exercise.

2.1 R ound 2 of t he Gam e

The second round of the game„ after students have played the “r st round, then
improved their speci“cat ions based on their experiences„ makes four scoring-
related changes.

Two changeskeepall teamsinvolved in the game.Thesechangesprevent any
team from gett ing so far ahead in the “ rst round as to discourageother teams.

– All point valuesare doubled (including bonus points; just double the overall
score).

– There are two winning teams: the one with the highest overall score and the
most improved team.

Two other changes require students to produce a qualit y speci“cat ion. These
changes make the second round more challenging, and they prevent part icipants
from •gaming the systemŽ by creating an unrealist ic system that is easy to
answer questionsabout.

– Some answers are marked as wrong, because the behavior violates require-
ments or the operat ion of the telephone network. When scoring, we disre-
garded wrong answers when determining the pluralit y answer.

– Some answers are marked as legal but questionable„ for instance, they do
not provide the functionalit y that users would desire. If such an answer is
the pluralit y, the team•s score is not doubled.

Before intr oducing new questions, the second round repeats all the questions
that the “ rst round asked. (Students are not appraisedof this beforehand.) After
the repeated questions, the instructor should ask whether any teams missedany
of the questions, ask why, and emphasizethe importance of learning from one•s
mistakes.Then, cont inue with the new questions.

3 Lessons for St uden t s

Dur ing the class discussion, students commonly report having learned the fol-
lowing lessons. Instructors may wish to emphasizethesepoints, or to raiseissues
that they observed but that no student voices.
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Student remarks tend to fall into two categories: technical approaches and
team organization. Some common technical approaches are:

– Draw state diagrams with t ransit ions among states.
– Draw state diagrams showing the state of all components (switches,phone-

line, etc.).
– Explore a set of • use casesŽor scenarios, and decide what happens in each

circumstance. This was e�ectiv e when the part icipants predicted the ques-
t ions, but lessso when they did not.

– Draw a ” ow chart indicating the sequenceof events.
– Focus the speci“ cation around the communication protocol among system

components.
– Rank all actions: give some priorit y over others. An extension of this is to

create a rule-basedsystem wit h a set of (prioritized) rules.
– Decomposebehaviors into normal and except ional cases,and treat each sep-

arately.

Common approachesto team organizat ion include:

– Choosea leader to direct and focus the group•sactivit y.
– Don•t argue.To avoid wasting t ime, poll everyone,make a decision,and then

move on.
– Choosesimple behavior that is easier for everyone to understand; avoid bells

and whistles. There is no need to add complicated features that are not
explicitly noted in the requirements, such as call waiting.

– Makea scheduleindicating how much t ime it is worth spending on each task,
basedon the value of each discussion or decision, and stick to the schedule.

– Listen to everyone„ don•t shut out some participants. Often quiet team
members had very good points to make, and thosewith more forceful per-
sonalities needto listen carefully.

– Ensure that everyoneunderstands„ the team is only asstrong as its weakest
member. Team members comfortable with the technical terms used in the
requirements should help the others. Students come to realize that although
the exercise is couched in telecommunications and computing terminology,
it doesnot rely on skills speci“c to those disciplines.

– Use a master copy so everyone can focus on it. When this is on the white-
board, more people tend to part icipate then when it is on paper, and it is
more useful than each personwrit ing up a separatecopy. If there areseparate
copies,they must be kept in sync.

– Spend a few minutes in which everyone reads the handouts before diving
into a solution, in order to guaranteeunderstanding of the problem.

– Divide and conquer: delegatedi� erent parts of the speci“cation to di� erent
sub-teams. Re-group in plenty of time to explain the separate sub-teams•
progressto the full team.

The instructor should emphasize that the technical aspects and the team
organization are complementary, and neither can be ignored. If either is mis-
managed, the project will be a failur e.
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4 A ssessment

The Groupthink speci“cat ion exercise has beena success.Students eagerly and
intent ly atta ck the problems during the activit y; they loudly cheer and groan
as their team•s fortunes change during the game; and they con“r m their enjoy-
ment and learning in a post-activit y survey. TAs for the UPOP engineering boot
camp [9] report that the activit y is their favorite among the more than a dozen
presented by engineering and management faculty.

We attribute the successto the design of the activit y, which paid careful
attent ion to the goals noted in Section 1. The problem was realist ic enough to
mot ivate students, hard enough to require useof speci“ cations, and easyenough
to give students a senseof accomplishment. Students got a chance to fail in an
initial attempt, then a chanceto succeedafter re”ecting on their experienceand
learning about a wide variety of other approaches taken by other teams [16].
Achieving high scoresrequired full participation from every team member; this
motivated students to communicate and explain their ideas in a simple and clear
manner. Students with di�er ent backgrounds learned di�er ent lessons, whether
technical, communication, or organizat ional.

4.1 Studen t Learni ng

This section reports results from four sources: team scoresin the activit y (col-
lected from the scoring spreadsheets), student surveys,a post-activit y followup
by a student , and instructor observations of team behavior.

Student performance improved during the game. We compared (normalized)
scores during the “r st round of play (before students had observed their per-
formance and part icipated in a classdiscussion about various technical and or-
ganizat ional approaches) and the second round. The improvement ranged from
4% to 131%, with an average of 66%. Student self-assessment indicated that ,
compared to a control group, the UPOP students had greater improvement in
their teamwork abilities [9]. (Before UPOP, 18% of students reported never hav-
ing worked as part of a team either in classor on a job; 36% report ed one such
experience; and 46% reported 2 or more such experiences.)

A post-activity survey in 2002asked students what big ideasthey had learned
that they could use in practice. The most common themes were clari ty (12%),
teamwork (12%), communication (11%), simplicit y (11%), the importance of a
writ ten document (9%), completeness (5%), focus on the end goal (5%), and
organization (5%), though students also cited a dozenother general ideas.Many
of these themesare related, but the diversity also demonstr atesthat the activ it y
can teach di� erent ideasto di� erent students.

When asked what activities they had enjoyed best in a sessionof the MIT
UPOP program, student responsesincluded • Answerphone brought out the big
ideaof communication with every member of thegroup,Žand • TheAnswerphone
activity caused us to really gel as a group and communicate very e� ectively
betweenALL group members.ŽOther students remarked that they enjoyed the
analysis port ion, and the friendly compet it ion (seeSection 4.3).
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The activit y turned out to be surprisingly realistic and practical. One student
wrote to the organizersof the UPOP program during the summer of 2004:

I am on my second day of work at my Internship at Orange (division
of France Telecom), and I am looking at design specs for a product I
am researching„ a voice activated answering system. As I opened the
packet, I saw a ”o wchart very similar to what we did in the Answerphone
exerciseback in UPOP. Good job on picking the activities we did.

Not every student or team learned the lessons presented in Section 3. Based
on direct observation of 102 teams, the largest problem was individuals who
were not engaged: when it came t ime to give an answer, thosepeople too often
gave a divergent answer, prevent ing the team from achieving unanimity (and
gaining the bonus points). Two common reasons for disengagement were bossy
individua ls who ignored and alienated other team members, and individuals
who had lesstechnical background than others but failed to speak up to ask for
clari“ca tion. Other common problems were failur e to understand the problem
domain, losing the big pictur e (overfocus on small issues,resulting in an end
product that was missing large and important components), and poor technical
approaches that were not corrected in time. On a few occasions,a team that
had excelled during the “r st round became overcon“dent and did not use the
secondspeci“cation period e� ectively, and thus fared worse on the second round
of questions.

4.2 Studen t Reaction

As noted earlier, students and TAs enjoy the Groupthink speci“cat ion exercise.
Students had three general complaints. The “r st complaint concerns teams of
di� erent sizes;seeSection 5.3.

The second complaint is that some students t ried to game the system. The
intro ductory lecture emphasizedthat it is not acceptable to communicate dur-
ing the questions nor to use meta-information, such as answering with the “ rst
listed answer in casesof ambiguity; students respected these restrictions. The
complaints were rather that some teams had made unrealisti cally operablespec-
i“ca tions that happened to be easy to reason about and answer questions re-
garding. Since simplicit y and understandabilit y are key lessons of the exercise
and are crucial in real-world projects, this was not an unreasonable approach.
We also addressedthis issuein the second round of the game (seeSection 2.1)
by awarding lower scores for illegal and for strange answers.

The “ nal complaint is that students wanted more t ime: they felt that they
could have done a far better job if given the opportunit y to further improve their
speci“cat ions. We answered this complaint by noting that in real engineering sit-
uations, there is never enough time (it is constrained cost and t ime-to-market
concerns), and that t ime management is one of the crucial skills that the exer-
cise teaches.And though the time is arti“cia lly compressedin the exercise, the
problem has alsobeenmade arti“cia lly simple (another point emphasizedin the
materials), so the time-to-di�cult y ratio is not unreasonable.
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All of thesecomplaints have become lesscommon as we have “ne- tuned the
game over t ime. For example, t ime management has become a more important
theme of the activ ity over time.

4.3 Exper ien ce W it hout Comp et it ion

An instructor at another inst itut ion ran the activity without the competit ive
aspect.

Each class was incredibly small (about 5 students), which is unusual.
Because of that, I grouped all the students in each class into 1 group.
Themoreadvancedclassset about doing it in a seriousmanner, while the
•I nt ro to programmingŽ class basically blew it o� (since I•d ment ioned
that there were no points atta ched). Something I thought was really
interesting is that the Intr o class (which went second) accidentally saw
the scores for the other class only aft er their “ rst round of speci“cation
(which I•d forgotten to delete from the .xls “le); they commented that
had they known it was going to be competitiv e, they would haveactually
tr ied harder. Also interesting is that all 5 of thosepeople were male, and
I•d estimate the agesto be 18…26ish or so.
I found the exercise to be incredibly well-thought out, and greatly ap-
preciate the handouts / slides / outline „ it was incredibly helpful!

5 M echanics

5.1 Schedul e

We ran the exerciseas a two-hour self-contained activit y (seeSection 5.2 for
alternat ives), following this schedule:

5 min Br ief int roductory lecture
10 min Explanat ion of requirements
30 min Speci“ cation (round 1)
10 min Game (round 1)
20 min Discussion
20 min Speci“ cation (round 2)
15 min Game (round 2)
5 min Game wrapup
5 min Concluding lecture

120 min Total

We have found that the int roductory lecture is most e�ectiv e when it is short -
est. The explanation of requirements walked the students through most aspects
of the telephone system and answered their questions. Dur ing the class discus-
sion, we started with the teams with the highest and lowest scores, and after
that proceededaround the room systematically . We madea representativ e from
each team speak. The game wrapup can include more discussion (we found time
to debrief in the individua l teams very valuable), awarding of prizes,etc.
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5.2 I nt egrati on into Curri cul um

Becausethe Groupthink speci“cat ion exerciseis self-contained, it can easily aug-
ment an existing curriculum, for instanceto mot ivate speci“cat ions or to replace
dry lectures.Alternately, by incorporating more instruction about speci“cat ions,
the problems presented in the game could be made more challenging.

The exercise can be split into two one-hour class sessions.The “ rst session
intr oducesthe activit y and plays the “r st round of the game along with limited
discussion, and the second session includes the second round of the game, pre-
cededand followed by more discussion.The exercisecan also be integratedwith
more lecturesor other instruction, enabling it to “ t into an existing curriculum
or the problems to be made more challenging.

Variat ions on the activit y as run so far would be interesting. One example
is to give students far more t ime to perform the activity, eliminating any t ime
pressure (or perhaps increasing the complexity of the task). Another example is
to perform a similar activit y using formal rather than informal speci“cat ions.

Instr uctors can develop additio nal modules (in additio n to the provided • An-
swerphoneŽmodule) by creating new handouts for students and new questions.
Section 5.5 describes the voting techniques for the Groupthink speci“cat ion ex-
ercise. When using the manual vot ing technique, the questions should be in
slideshow format (e.g., PowerPoint), and when using the electronic vot ing tech-
nique, the questions should be in an XML format that is documented with the
provided software.

5.3 Team Size

We run the activ ity with up to 13 teams of 9 students. While the team size is in
part dictated by the physical setup of our lecture room, this sizehasworked very
well in practice. It presents nontrivial, but surmountable, problems in agreement ,
coordination, and communication.

Instructors should keepthe teamsizesconsistent , becausesmaller teams enjoy
an advantage(they “ nd it easier to reach consensus and earn the bonus points).
But students in any size team will complain that teams of other sizeshave an
advantage.

5.4 Logistic al Req uir ements

The activit y requiresan overheadprojector with computer hookup. It works best
in a room where students can work together in small groups (moveable chairs
are crucial), preferably with access to blackboards or whiteboards.

The activit y requires the following materials.

– For the instructor: slides for the lecture and game; scoring spreadsheet or
PRS software (described in Sect ion 5.5). All of t hese are provided with the
Groupthink distr ibution (available from mernst@csail.mit .ed u).

– For the students:
• One copy of the handout per student , single-sided to permit easier ref-

erence.
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• 16 small piecesof paper per student , for writing answers. This is neces-
sary only if using manual vote collection technique (seeSection 5.5).

• Opt ionally, token prizesfor the highest-scoring team and the most im-
proved team.

You may override the default team names in the spreadsheet (manual voting
method) or program (electronic voting method).

5.5 Collec t in g Vot es

There are two ways to collect votes and keeptrack of each team•sscore:manual
and electronic. In the manual technique, each student writes his or her answer
on a piece of paper, these are tallied by hand, and the result is entered into a
provided spreadsheet. The spreadsheett racks cumulat ive scoresand (for round
2) improvement over the previous round. In the electronic technique, students
usea hand-held remote control or other hardware to cast a vote, and the tallying
and spreadsheetentr y occur automat ically. We provide software for the Personal
ResponseSystem (PRS) from GTCO CalComp/In terWrit e [7], which isa system
of infrared remote control • clickersŽ, but it could be ported to other hardware,
including networks of workstat ions, PDAs, or cell phones.

Man ual Voti ng Techni que. For each question, students write their answer
on a small pieceof paper, tur n it facedown, and either give it to group•sTA (or
a designatedteam member) or place it in a common locat ion such as the center
of their table.

When all team members have voted, the TA reveals the answers. This ensures
anonymit y and prevents teams from blaming individua ls who gave di�er ent an-
swers than the pluralit y. Anonymit y is important to make the participants think
like a team: di� erencesin answers are a failure of the team to reach consensus
and to ensure understanding, not a failur e of the individual. Having each student
turn over his or her own answer would not achieve this goal.

It is necessaryto know when each team is “nished. We had up to 13 teams
of 9 students, so we used the following mechanism (other mechanisms might
work for smaller groups). The team•s TA raiseshis or her hand as soon as the
question is asked, then lowers it when all team members have answered. This
makes it easy for the instructor to look around the room and seewhen everyone
was done (when no more hands are up). One problem was that occasionally the
designated person forgot to raise their hand and keepit raised unt il all answers
were in. (The TAs preferred the useof the electronic voting technique described
below.)

The instructor collects scores by calling out the name of each team, having
that team•s TA respond with the score, and typing these into a spreadsheet
(see Figure 1). Communicating all the scores to the centralized location was
somewhat clumsy, especially for large classes,and this was a complaint from
some other institutio ns as well. (We mit igated the problem by collecting scores
every two or three questions.) Projecting the spreadsheetso that everyone can
seethe current standings was popular with the students and increasedthe sense
of excitement in the game.
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El ectroni c Voti ng Techni que. In order to overcometheclumsinessassociated
with manual vote tallying , we wrote custom software to support the Groupthink
speci“cat ion exercise. This software is distr ibuted with the exercise for use by
other instructors.

We had accessto a classroom equipped with the InterWrite PRS, or Personal
ResponseSystem [7]. This commercial system consists of remote control t rans-
mitters (•clic kersŽ) capable of t ransmitting a digit to infrared receivers that are
positioned thr oughout the room. Typical usesfor PRS are taking attendance
and polling students during classto gauge comprehension. The vendor software
has very limited functionalit y, so we wrote our own program instead, using the
manufacturer•s low-level interface to the hardware.

F ig. 1. The scoring spreadsheet for the manual scoring technique, duri ng the second
round of the game. The instructo r types team scores into the top part of the spread-
sheet . The two leaderboards (j ust one, duri ng the “rs t round) are updated automati -
cally.

The softwarecould be adapted to other systems that support in-classmult iple
choice questions [20]; academic systems include ClassInHand [19], the Digital
Lecture Hall [17,13], and Act iveClass[14] (and its followonsClassroom Presenter
and Ubiquito us Presenter), and commercial systems include CPS [4], PRS [7],
H-ITT [8], and TurningPoint [18].
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F ig. 2. User interface for the software for the electronic voting technique. Th e three
screenshots were taken immediately after displaying a quest ion, duri ng vot ing on a
question, and after voting was complete. The “ rst screenshot was taking during the
“rs t round of the game, and the last two screenshots were taken duri ng the second
round of the game.
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The program guides the classthr ough the following phases:

Registr ation. Each student pressesarbitr ary butto ns on his or her remote
control and gets visible feedback. This makesstudents comfortable with use
of the transmitter and gives themcon“dence that it isworking properly. This
also indicates which students are present, which is important for knowing
when all members of a team have voted.

Questions. Figure 2 shows the user interface during voting. The top part of
the UI displays a question, along with a countdown timer and a few controls
for the instructor. The botto m part displays all tr ansmitter IDs, along with
the leaderboard that ranks the teams. (There are two leaderboards during
the second round of the game, as indicated in the botto m two screenshots.)
Color is used in the botto m part to help students “nd their team and their
own transmitter ID.

As each person votes, the corresponding tr ansmitter ID is erased in order
to indicate that the vote hasbeenreceived. The middle screenshotof Figure 2
shows the user interfaceafter some of the part icipants have voted.

Assoon asall members of a teamhavevoted, the team•sscoreisdisplayed
(but not what the team membersvoted, as that could give guidanceto other
teams), and the leaderboard that ranks the teams is updated; seethe middle
screenshot of Figure 2.

As soon asall teams have voted, or t ime runs out , a summary of all votes
for each team is displayed, as shown at the botto m of Figure 2. The notation
•3: 1s 2: 3sŽmeans that there were 3 votes that were •1Ž and 2 votes that
were 3. To preserve anonymity (and prevent blame), votesare not report ed
by individua l. Strange answers are displayed in blue (in both the top and
botto m part of the user interface), and wrong answers are displayed in red.

D isplay win ner . After the end of the “r st round, the winner of the “r st round
is displayed. This heightensthe subterfuge that the game is over.

Show changed rul es The changed rules for round 2 are displayed (seeSec-
t ion 2.1).

Questions. The second round of questions is like the “r st, but with modi“ed
scoring rules (see Section 2.1) and with two leaderboards: one for overall
scoreand one for most improved, as shown in the bottom two screenshots
of Figure 2.

D isplay win ners. The game ends with a display of two winners.

Use of the software greatly increased the pace of the game, especially for
large classes,by eliminat ing pauses to type scores into the spreadsheet. The
software was also quite popular with the TAs, who otherwise had to determine
each team•s scoremanually (and inevitably made mistakes). In fact, use of the
software enabledus to give lower scoresto the • strangeŽanswers,which we feel
is an improvement. We did have to change two of the questions to conform to the
software. One question had had thr ee parts and a total of 18 possible answers;
we split it up into two separate questions with 6 and 3 possibleanswers, respec-
tiv ely. Another question had several mult iple choice answers but also a wri te-in
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possibility; we eliminated the (rarely-used) write-in option. Useof solely freere-
sponsequestions would have beenmore challenging and might have had greater
pedagogical value [15], but in our view the logistical problems, including subjec-
t ive judgment of agreement , outweighed the bene“ts. Furthermore, Wolfman [20,
p. 190] notes many other drawbacks of non-computer-basedsystems.
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A A nswerphone Mo dule

The next three pages reproduce the student handout for the Answerphone
module.
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Groupt hink  Specificati on Ex erci se 
 

In this exercise, you will design the control for a simple telephone with integrated answering machine.  
You will specify the telephone’s behavior when the user interacts with it. 

PART 1:  Specifying Behavior 

As a group, read this document and decide upon the behavior of the telephone under all possible user 
behaviors.  Your design may be written down or agreed upon orally. We do not care how you record it. 

PART 2: The Groupthink Game 

After deciding on the behavior of the telephone, you will be given a variety of scenarios in which a 
user interacts with the telephone.  Each member of your group will individually answer questions about 
the telephone’s behavior.  Your group is scored not on what your answers are, but whether all of the 
members’ answers are consistent.  However, your answers must satisfy the requirements and must be 
plausible behaviors that a user would find reasonable. 

In a real project, consistent answers would lead to components that interoperate correctly, behavior that 
is consistent with the documentation, etc.  Problems due to diverging interpretations are common in 
software (and other!) development teams where the specification is ambiguous or underconstrained.  
We encourage you to think hard in part 1! 

Here is an example question: 

The user is connected to an outside party.  The outside party hangs up.  What state is the 
phoneline in? 

 A.  Lineactive (the user hears dialtone) 

 B.  Lineidle (the user does not hear dialtone) 

The group that wins the Groupthink Game will receive a prize.  Your group may not give answers 
based on the form of the game; for instance, you may not agree to answer “A” i f you aren’t sure what 
else to do. 

Definitions 

lineidle The phone is hung up or “on hook.”  In a traditional phone, this means the handset is 
lying in the cradle, but your phone uses the end  key instead. 

lineactive The phone is picked up or “off hook.”  In a traditional phone, this means the handset is 
not in the cradle (it is “off hook”), but your phone uses the talk  key instead. 

ring signal A +/- 24 volt AC signal sent over the phone line, which causes a traditional phone to 
ring. The phone company only sends a ring signal if it detects the lineidle state. 
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System Specifi catio n 

TELEPHONE COMPONENTS 

€ Handset (includes both speaker and microphone) 

€ 24-character display 

€ Answering machine 

€ Keypad with keys labeled talk , redial , ansmachine , and end . 

Simplification:  The keypad also has 0 through 9, but in this exercise, you can ignore how those 
keypresses are handled. When the talk  key is pressed, the digits previously entered by the user 
are delivered to the control software (much like a cellular phone). The red ial  key does not 
deliver any numbers.  There is no hook or cradle as with a traditional phone, just the keys. 

FUNCTIONS 

€ The user places a call by pressing talk  or redia l . The user answers a call by pressing talk . 

Simplification:  Your phone is not required to handle call waiting. 

€ The user begins using the answering machine by pressing ansmachine  on the handset. 

Simplification:  In this exercise, you will not be asked to specify the answering machine’s 
behavior during message review. 

€ The user presses end  to end a call or to stop using the answering machine. 

REQUIREMENTS 

€ The display must show the appropriate information at all times. 
o If idle     show “READY” 
o If a ring signal is being sent 

by the phone company  show the caller ID information of the caller 
o If connected to an incoming call show the caller ID information of the caller 
o If connected to an outgoing call show the number being called 
o If using the answering machine show “ANSWERING MACHINE” 

€ If a ring signal is delivered, the telephone must ring and show the caller ID of the caller. If the user 
doesn’t answer the call within 2 rings, the answering machine must pick it up.  

CHALLENGE 

This specification may be incomplete or inconsistent. This is normal in any development effort!  Your 
group should figure out the details needed to handle all possible scenarios that you might be asked 
about in the Groupthink Game. 
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System Archi tecture 
The telephone has the following components. The messages that may be exchanged between the 
handset controller and the other components are labeled in the diagram. Analog audio links are shown 
with dashed lines.  Switches (represented by ) either make or break audio connections. 

 

di spl ay( st r )

 
 

talk( string )  The user typed the digits in the argument string and then pressed talk  
redial   The user pressed redia l  
ansmachine   The user pressed ansmachine  
end    The user pressed end 

display( string )  Makes the LCD display show the characters in string , a 24-character string 

startAnswer  Play outgoing message and record the caller’s message 
startReview  Play back recorded messages and perform other user interactions  
stop   Stop answering machine functions, return to idle state 

incoming( string )  The phone company sent a ring signal with string  as caller ID information.  
This message is repeatedly sent (every 6 seconds) until the call is answered or 
the caller hangs up. 

hangup   The phone company indicates that the remote party has hung up 
lineactive   Put the resistance across the phone line that indicates the phone is active 
lineidle   Put the resistance across the phone line that indicates the phone is idle 
tones( string )  Send the digits in string  out over the phoneline as touch-tones 

ring    Causes the speaker to play one ring tone 

ansON ansOFF  Connect/disconnect the answering machine to the audio bus 
audioON audioOFF  Connect/disconnect the speaker and microphone to the audio bus 
lineON lineOFF  Connect/disconnect the phoneline to the audio bus 

Simplification:  Messages among telephone components are never lost or corrupted. 


