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ABSTRACT uembers az possible. TFor example, if 2 caller wanted a
refarral to a divorce lawver, ARS would search its pan-
Management science techniques ars rarely used in ¢l to identify a lawyer specializing in divorce who had

-soeizl service agencies. It is often assumed thac the recaivad the least ounber of raferrals from ARS. Thus,
lack of profit criterion makes it difficult to use the it was necassary to maintain an Index card for each

 quantitative approach. This paper pressnts am appli- attornsy with an up=to-date tally of the total number
cation of guauing theory to the operaticns of a non- of refervals providesd to that atZorney. The atftorney
profit teslephoms referral systsm. A modal is built to cards ware filed ac a central location. Every time a
a¥plain the axisting system and to estimats the cur- refarral vas made, the staff had to put a caller on
rent capacity shortfall, i.e., the numbar or people hold, walk up to the card f£ile, locaca the appropriaste
who were denisd the sarvica. The model iz than used attorney card, taka it back to the paralegsl’s desk,
to assess the impact of alternativa methods of system make the raferral, updats the card to Indicate the new
improvemsnt on the capacity shortfall. Benafits are referral and recurn tha card to the file.
:::m:::” in quantifiable, but not necessarily acae- Uneil December 1981, the RFL lines were staffed by
¥ " : only two paralagals who felt overwhelmed by the con-
THE PROBLEM AND ITS SEITING: stantly ringing phones, particularly during peak hours.

In the Spring of 1982, The Attorney Referral Ser- As such, staff attorneys had to help the paralegala by
vice (ARS) was concerned about a serious capscity snswering & ’""“"“?1 dm;.ubcr °§ ad“th on the RFL
shortfall in its telephome referral system. A clieng  S70UP. The mumbar 2f Salls M“‘“ Y the actornays
could sesk legal advice from ARS on phone by calling ':',;: '“hm sxcess gf the dm:n ® “:.;aur’u, for them to
the Referral (RFL) group of auabers or by calling the ep in touch. ten during pea s, all five of
the RFL linas ware busy and many Iindividuals were un-

L]
2:‘:1';;‘:“’:2: iii‘“:::::;::; o:x:h: ;;in::ﬁ::.cm'm able to contact ARS., The loss of clisnts neant that
ARS was undarachieving its community ssrvice goals.
The RFL group coosisted of five interconfected num- ARS was also losing potential revenus, since about 35X
hers. When a client dialed one of thess numbars, if of all referrals made by ARS eventually yielded a rev-

that specific line was ic use, the call automatically enus of 515 par referral from the participating attor-
transfarred to one of tha open lines within the group. oay. Iz January, 1932, ARS hired a third psralegal to

IF 1 five lines were in use, the caller got a busy ~ man the RFL lines. Even after thiz addition, the ac-
s. 1. The nuwber of calls coming in oca the RFL tornays had to contirue to halp anawer a large oumber
group differed from day to day aad hour to hour. How- of calls, and often all five linas wera busy.
ever, detailed statistics were not availabls. ALl
that ARS staff could say with certainty was that ev- 1 11“ “':" tgg:b“m £“.he. idea °§ th'h::::il"f
ery day some thres hours could be seen as “peak houra” clients last ause o lt capacity a » ARS
with the RFL lizaes consctantly ringing and the other obtained from the talep company a study of the
hours were off-pesk hours with a more relaxed pace of “‘h:; °:.h“§ signals on all Im“é 5;2’;‘:&7 ra=
work. When an RFL line rang a faw times, one of the gor: th.cn;;“ were g i:vl:'agc @ high 2 "1:“ in
paralagals answered it and put the caller on hold if gtonmc b sr:“:;u “"‘;‘ Ty dE » Gons 1“19%
the paralegal was busy with smother client. In gensr- < * nuRoexr 9 S anSURTac per Cay was on.y £439.
al, the caller did not have to be on hold for more ° Of course, the busies represeat the mumbar of times
:h.;n a few seconds, if at all. Next, the paralegal prospactive clieats tried to call ARS when all five

’ : ' lines weras occupied by other callers. Tha busies do
was respousible ta interview tha caller, assartain
e e probion uad seovide the specpriate divics, ot Al et e nates sece diia:
In a large majority of situations (soms . the ad= 3
vice provided vas satisfactory to the caller and the :;;.w:: ::: i::i‘h::'::iz::::.: e the ﬁ:;b:isa;er::c;:.
call cerminaced. However, in approximately 13% of the whr 4 d th 3 peocp
cases, the callar sought the name of a lawyer to con- o vere being denied their services, and the reverue
tact ' In such cases, the paralegal identified the consequently foregone. It was not clear if the prob-
s rr.: riate attorne ,ta contact (a referral), advised lem was one of capacity or its effective and efficient
pprap ¥ ’ utilization. ARS considered several coursss of action

the caller of the fees involved, and completed the ra- as listed below, but did not know how to evaluate them

lated paperwork. In short, sarving am RFL call in=
. in terms of their potencial implications for servics,
volved thrae basic typas of activities: (i) interviaw revenues and COSLS.

and advice, (ii) locating attorney and (i1ii) complec-
ing related paperwork. Estimates of the average 2 Ai’:f%;“:;;‘::r' telephone lines to the RFL
length of call diffared considerably among the staff b) flixig ddiet n.i ralegal
wed (range: 1% minuces to 4 minutes if no re- B 4 o para.egals.

intervie 8 s e) Hiring clerical assistance to free the paralegals
farral vas involved, and 2 to 5 minutes if a referral to do only the ianterview and advice function,
wr - involved). d) Providing computer terminals for the paralegals to

4S5 staff felt thac activities (1} and (1i1) wvere spaed-up clerical tasks involved in a refarral.
ir © nensakle whereas activity (i1) could be simpli-~
f. either by obtaining a computer or appropriate RESEARCH MFTHODOLOGY
clerical help for the paralegals who manned the RFL ARS had no budget to pay for any professional ad-
phones, They felt that locating the attorney took vice on the problem., As part of a grast from a foun-
substantial time, since ARS had a list of over 600 dation, however, we were auchorized to spend up to two
attorneys who were admitted to its referral panels of daya of paid work ¢o help ARS. The methodology des-
various specialitias (e.g., divorce, crime victim, cribed balow has to be seen in that light. It is a
juvenila delinquentsa, ete.). In giving the referrals, reasonable and helpful analysis but certainly not
ARS wanted to ba aa fair and equitable to the panel thorough, in spite of the fact that we volunteered
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sevaral addicional days. Secondly, ARS is a nonprofit
organization. Consaquently, in asseasing the effact-
iveness of alternative system improvement strategiles,
we had to depend upon such nonmonetary criteria such

1 reduction in the number of people who ara denied

2 service, or reduction in attorney time spent on
answering the phones.

Bagically our method was first to build a queulng
theory model that explained the number of RFL callers
served by the existing system and estimate che nuaber
of potenctial callers denied the sarvice. This model
also helped us estimata the number of attorney-hours
currently speat ic answering the phones. O(nce the
current system was reasonably explained, we used the
model co assess tha effactiveness of altarnative eys-
tem improvement means. Finally, our racommendations
noted that the sc called szizarnative zeans wers Rot
mutually exclusive and it would ba best to use a com-
bination of them.

Adaptacion of the Text-Book Model:

"Queuing theory provides a variaty of modals depend-
ing upon the characteristics of the quening systeam.
Clearly, since thers ware thras paralegals and five
linas we wara dealing with a multiple chaanel, limited
queus lengeh situation.

We assumed poissom arrival, infinite source popula=-
tion and exponential sarvice rata (assumptions that
have been commonly used and ewpirically validated by
several teiephona queus studies). Yet ARS system did
not quite fit a standard taxt-book model for che fol-
lowing reasona:

1) Text-book models assume a single queus in {ront of

a group of servers. At ARS, paralegals answerad

— not only the calls on R¥L group but also any “over-
flow" on che DIAL-LAW group. In geaeral, a DIAlcr-

LAW caller scught legal information pertaining to a

specific topic (a.g., divorce, small claims, ete.).

ARS receptionist picked up tha call, asked tha

topic of the caller's interest and played a pre-

recorded massage on the subject. In almost 752 of
the cases, the message vas satisfactory to the
caller who hung up at the end. However, the nes-
sage sncouraged tha caller to coutinua holding the
line if he/she needad addicional information or
referral to an- attorney spacializing in the topie
of incerest. When a caller held the line a faw
seconds after the termination of the message, the
line began ta blink and the paralegsls knew that an

“"overflow" had occcurred. The next availabla para-

legal then answered the overflow line in a mannes

exactly identical to hamdling an RFL call.

Thus, at ARS.two different queues were being
served., However, with limited time on hand, we
decided to assume a fixed ratio of service to the
twe queues, adjusted the service time per call for
the RFL group accordingly, and procseded to use the
atandard model.

2) Text-book models agsume one arrival rate for the
system, The peak period at ARS seamed 30 differ-
ent from the off-peak paried that we dacided to
analyze the system as a combination of two dis-
tinct periods with two distinct arrival rates. Wa
assumed that of the 1882.5 hours of operation in a
year, 752 hours (40%) wara peak hours with an ar-
rival rate four or five times as large as in the
remaining off-peak hours.

1) Standard queuing modals often consider that the
nupher of sarvers is the same throughout a pericd
of analysis. Available ARS daca indicated that
becauge of other assigned duties, vacations, sick
days, lunch hours, etc., the three paralegals were
not always available. Using available historical
data and a few simple assumpclons we estimated

overflow) raquirad 2.93 minutaes of service time,

that of tha 1882.5 hours of operation in a year, all
three paralegals were available for only 546 hours.
For another 1129.5 hours, only two paralegals ware
available, and the remaining 207 hours only cne para-
legal was on telephone duty,

0Of course, wvhen encugh paralegals were not availabla,
staff attornays helped out. Records showed that actor-
neys were answering 16.8% of RFL calls. Again, using a
few simple assumptions, it wag estimated that during
1982 attorneys contributed 528 hours to man the tele-
phones, and that contribution resulted in an operation
invelving 1167 hours (622) with 3 servers (paralegals

.+ attorneys) and 715.5 hours (38%) with 2 servers.

Thus, to explain che axisting system, we uged the
standard multiple-channael, limited-quace-langth model
in &4 situations described in Table I, The model and a
pumerical example for situation 3 are presented in the
Appendix.

TABLE I
Nﬂ. ) miv;l
Servers, JP% | Paak Paricd Of f-Paak Period
Two Situation A Situation C
(286.0 hrs/yr) (429,35 hes/yr)
Thres Situation B Situation D
(466.0 hra/yr) {701.0 hra/yr)

DATA COLLECTION AND ANALYSIS

To satimate the avarage service time, we conducted
a time and motion study summarized in Table II. The
study showed that an average call (RFL or DIAL-LAW

-

v “TABLE I

Average Ohserved Time in Minutes

Type Iype :{ Tovolving | Without Avarage
of Activity Refarral Refarral Call
Intarview .

and 2.73 2.53 2,685
Advice
Locating —
Attorney 0.98 0.16
Filling ‘
Referral Q.82 — 0.13
Form
All
Activities 4,53 2.63 2.93

ARS statistics showed thac on an average each day
198 RFL calls and 30 DIAL-LAW ovarflows were serviced.
Assuming this proportion would remain unchanged regard-
lass of any changes in the system, we calculated that
the offsctive service time for an RFL call was 2.93 x
225/195 = 3.38 minutes. Consequently, the service
rata was 17.72 customers per hour per paralegal on
duty.

To estimate the arrival rate during peak hours, we
picked a known peak pericd (Monday morming 10:0Q aM ro
11:30 AM) and observed the number of calls coming in.
In 89.3 minutes of observation, RFL lines rang 71
times. Thus averaga effective arrival rate for the
peak period was eatimated to be 47.45 calls/hour. The
true arrival rate would have been higher but for the
limitad queue length (5 lines) permitted by the system.
To estimate the true arrival rate we also took 10 ran-
dom observations during a peak period and noted how




many lines wers occupiled with what frequency. All
five lines weére occupied in approximately 34X of the
abaervationa, Hence, using che theoretical modal, wa
escimated true arrival rate during peak hours to be
72 callers/hour (see Appendix).

Using annual statistics and the theoratical model
t' -~, wa astimated that the off-pesk arrival rata was
i " callers/hour.

The arrival and sarvics rate estcimatas enabled us
to explain how many callers would be sarved and how
many would ba denied service in each of the four Cypes
of system situations described in Table I. Wa esti-
matad that in situatiom A, 34.63 of tha 72 callers
would be served per hour. In situatiom B, 47.45 of the
72 callars will ha served. Whersas in situatioma C
and D every one of the 15.07 callers would be served. .
Thus, if no system changeas were nade in 1932, the to-
tal number of people desiring the service but denied
would be 22,187.

CONCLUSION AND RECOMMENDATTONS

With che existing system axplained, we wers ready
to assess the impact of altarmative system igprovement
means. Availabls space doss not permif us Lo detail
the computations. Raadars familiar with queoing
theory may ba able to reconstruct some of our computa—
tions by noting that:

a) when naw telaphons lines are added to the RFL
group, the principal change is in ¥, the naximm
peraissible queue length,

b) Wher a full-time or a part-time paralsgal is added,
the number of servers incresses. Buc renembar that
the naw paralegal is also entitled to vacations,
sick days, lunch hours, stz. Conssquently, ons
must first recomputa tha mmber of houra/yr in the
various situations of the types described in Table
I, and then use the model.

e\ ~men clerical assistance is used to locata the at-

rney and complete tha referral, only the inter-
view time from the time motion study would be the
pertinent tima in datarmining the servics rats.

Thus, servica rate goas up from 17.72 to 19.285 per

hour par paralegal. On the other hand, the line on

which refarral is given out is occupied for the toe
tal tine. This situation does mot fit a standard
model. A caraful evaluation of the situation have
raquired substantial modeling efforta. Wa aimply
placed uppar and lower bounds on the poteantial ef-
facts by using reasonable assumptions.

d) If a computer terminal is made available to sach
patalegal, a portion of the time requirsd for lo=-
cating the attorney and filling out the form is

saved. Average service rata would increass but
aot substantially.
TABLE IIT
System Additional | Attoraey
Improveaent Cliects Hours
Means Sarved/Yr Savaed/Yr
2.l Add 1 telaphona line 358 Q
2.2 Add 2 telephotie lines 1,563 0
b.l Add 1 full-cime para- 4,371 414
legal
b.2 Add 1 part-time para- 4,371 414
legal during peak
heurs only
[ frovide a full-cime 310 to 30 o
clerical assiscant 2,135 100
d. Provide computer 1,757 30
terminaln

Table III summarizes our estimates of the annual
benefits of each alternative in tarms of number of ad-
ditional clients sarved and attorney hours saved. Con-
sidering the financial costs of each of the altarna-
tives as well, and recognizing that the alternatives
are not mutually exclusive, we tecommended that ARS add
two telephone lines to the RFL group and add a part-
time paralegal for the peak hours, to ths extent they
vara predictabla.

Append ix*
Multiple-Channel Limited-Oueus-Length Model
Let,
a = Number of Customers in system.
c = Number of servars. .

¥ = Capacity of the system, i.e., the maxizmum oumber
of customars sllowed in the systam at any time.

A = Mean arrival rate per hour.

A = Effactive mean arrival rata per haur (also effact-
tive zervice rats of the system).

U = Memn service rate per servar per hour.
p w-Systes utilization = {1/u)

Pn = Probability of n customers in aystem.
Then

- -1
e=l n (] Nectl
p 1 - (p/e) )
z ;l_l'+ eT(T - ol ] if ple = §

| a=0
L ) .
¢e=l1 n <
z%,-+§,—<u-e+1>] if pfe = 1
- | n=Q
[ a
| B-p 4f0<nce
n! "0 - -
Pn'
. g°
. n_cPoifc<a<N
el e
and, Ae-(l-Pu)
Exampla: Consider situation B of Table I. Hers we

know that ?\. = 47.45 per hour, U = 17.72 par hour psr

paralegal, ¢ = 3, and ¥ = 5. Through trial and arTor
dna can datsrmine that A = 72 will be consistent with
theas data. Nota that if A = 72, p = &4.0632.

Then, by our formulae P » 016625, P, = .0675, Pz -
1372, P3 = , 1859, P, - 2517, and Py J3410

Hence, A. = A(l - Ps) = 72{1 - .3410) = 47.45

.I-'or a complats description of this modal, see Hamdy
A. Taha, "Operations Research: An Introductiom”,
MacMillan Publishing Co., Inc., 1982, pp. 61L1-13,
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